curvefitting, statistical analysis, and plotting.
http: //www.simfit.org.uk

l Tutorials and wor ked examples for simulation,

It is frequently required to plot a curve where the model lodset defined parametrically agt), y(t) instead
of y = f(X), or sometimes a parametric space cug, y(t), z(t) may be required.

Example 1: The curve r = Asin(49)

This is achieved by openingakdat then reading in the parametric model filese_e. nod shown below
to create the plot illustrated for the parameter valpes 1, and 0< 0 < 2r.

%
Exanpl e: Ei ght | eaved rose
r = Arsin(4+xtheta): where theta = x, r = f(1) and A = p(1)
%
1 equation
1 variable
1 paraneter
%
begi n{ expr essi on}
f(1) = p(1)sin(4x)
end{ expr essi on}
%

r=sin(46): 0 <6 < 2m
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Example 2: The ellipse x = Acost), y = Bsin().

The following model fileel | i pse_e. nod and graph show how and=| T model file can be used to define
multiple models.

%
Exanpl e: the ellipse
X = Axcos(t), Y
where: t = x, A
and X(t)

Bxsin(t)

p(l), B = p(2)
f(1), Y(t) =1(2)

%

2 equations

1 variable

2 paraneters

%

begi n{ expr essi on}
f(1) = p(1)cos(x)
f(2) = p(2)sin(x)
end{ expr essi on}
%

A parametric curve x(t), y(t),
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Example 3: The helix x = Acost), y = Bsin(), z= Ct

Model filehel i x_e. nod illustrates how the three coordinates for a space curve eaefined and plotted.

%
Exanpl e: the helix

X = Accos(t), Y = Brsin(t), Z = Crt
where: t = x, A=p(l), B=p(2), C=p(3)
and X(t) = f(1), Y(t) =1f(2), Z(t) = f(3)

%

3 equations

1 variable

3 paraneters

%

begi n{ expr essi on}
f(1) = p(1)cos(x)
f(2) = p(2)sin(x)
f(3) = p(3)x
end{ expr essi on}
%

SIMFIT 3D space plot (x,y,z)




Example 4: Projecting space curves onto planes

Sometimes it is useful to project space curves onto plarrgauiposes of illustration. The next figure shows
a simulation usingisermod with the model filet wi st er . nod.

The parametric equations are
X =tcost,y = tsint, z =t

and projections are created by fixing one the variables toataat value.

Twister Curve with Projections onto Planes

z(t)

Note the following about the model fitewi st er . nod.

There are 3 curves so there are 9 functions of 1 variable

The value ofx supplied is used as the parameter

Functionsf (1), f (4), f (7) are thex(t) profiles

Functionsf (2), f (5), f (8) are they(t) profiles

Functionsf (3), f (6), f (9) are thez(t) profiles

Also observe that the model parameters fix the values of thjegifon planes just outside the data range, at

p(1) =20 p(2) = 20.



Example 5: Two dimensional families of curves

Users may need to plot families of curves indexed by paramef®r instance, éusion of a substance from
an instantaneous plane source is described by the equation

1 _y2
il

which is, of course, a normal distribution with= 0 ando? = 2Dt, whereD is the difusion constant and

t is time, so that Dt is the mean square distancéfdsed by molecules in timie Now it is easy to plot the
concentratiorf (x) predicted by this equation as a function of distareend timet given a difusion constant
D, by simulating the equation usimgakdat saving the curves to a library file or project archive, thesitpig

the collected curves. However, there is a much better wangysiogramusermod which has the important
advantage that families of curves indexed by parameterbeaiotted interactively. This is a more powerful
technique which provides numerous advantages and comierpgons when simulating systems to observe
the behavior of the profiles as the indexing parameters vary.

f(x) =

The next figure shows the above equation plotted (in arlgitraits) using the model parameters
p; = 2Dt;, fori =123 4

to display the dtusion profiles as a function of time. The plot was createdgi$ia model fild ami | y2d. nod,
which simply defines four identical equations correspogdmthe difusion equation but with four ffierent
parameterg;. Programusermod was then used to read in the model, simulate it for the paemveatues
indicated, then plot the curves simultaneously.
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Example 6: Three dimensional families of curves

Users may need to plot families of curves indexed by paramatehree dimensions. To show how this is
done, the dfusion equation dealt with previously in Example 5 is refolaied, usingy = v2Dt, as

203) = ——exp{ - (X)Z
’ yv2r 2\y
and is plotted in the next figure for the same parameter valsed before, but now as sections through the
surface of a function of two variables.

Diffusion From a Plane Source
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This is, of course, a case of a family of parametric spaceesuprojected onto the fixed valuesyof Now
the model filef ani | y3d. nod was used by programsermod to create this figure, using the option to plot
n sets of parametric space curves, but you should observe barwhimportant facts about this model file
before attempting to plot your own families of space curves.

e There are 4 curves so there are 12 functions of 1 variable

e Functionsf (1), f (4), f(7), f (10) are the parametéri.e. x

e Functionsf (2), f(5), f(8), f(11) are they values, i.e V2Dt

e Functionsf (3), f(6), f(9), f (12) are thez values, i.e. the concentration profiles

Finally, it is clear that space curves require a model file that specifieg§uations, but you should also
realize that space curves cannot be plotted if there idfiegnt variation in any of the independent variables,
e.g. ifally = k, for some fixed parametér



