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#1 0 Modellus: the concept and uses

Write a mathematical model... and then visualise and explore it!

Make an
animation using
the model...

R

11.90 G0 99.45 |

12.00| EE D 100.00 -4.90E-14
12.10 [EE D 99,45 | 10,45
12.20 R0 97.81 B 2079
1 12.30 [ 35,11 koo

T 12.40 S 31,35 80,67

12.50 [ER G0 86.60 £ B0.00
12,60 [ER 0 80.90 {5878
12,70 R0 74,31 A1
12.20 [TEE 00 B6.91 g@
12.90 A0 58.78 BOS0|
13.00 [EG G0 50,00 BE.BD| v

1 Home Independent Variable Model Faramekers Inikial Conditions Table Graph | Objects | Mokes
: [ | [t
e Y = T .L'..
Particle Vector Text Level Analog Variable Image Geometric Origin Measure Measure Copy
Indicatar Object Coordinates Diskance Image
Animation Objecks Measurements Clipboard
|- Mathematical Model - = Graph = = Table -
aﬂglre = Dn?Ega g f -+ 100000 3 ra Julﬁu | - L= l\.l| k3 g o A
» il R xcos( angle ) 1 10,00 [INERE .00 -co.00 N -s6.60)
) é i"il_:_ls'”[ angle ) _dag 10. 10| [NERE 00 -40.67 [ -91.35
.5 - 50 e = 800 10.20| R .00 -30.90 [N -95.11
4 AR, = 10,30 [NETE 0o -20.79 I -97 51
Q 5 10.40 NEEA 00 -10.45 [ 99,45
- Write a model, .50 EERL 00 -4.29E-14 - 100.00
. - - . | A5 0 -,
S using functions, 10.60)| I o° 105 i %
— diff ial ; 1 10.70, INEEE 00 20.75| [ -97 .81
- iIfferentia eq uations i 10.20| INEEE 00 3090/ -eE.11
- - =
o or iterations... i t0.30 [NESo 40.67) [N -91.35
] o = Eﬁ;ﬁt@i@ S i qhun:a ------ f 16,00 1100/ [EEED o 50,00 [ -B6.60
g ERERE i R R 11.10 [NEEED0 cg.78| [ -g0.90
e ] 8l 11.20 [NETE0 66,91 [ 7431
o +-200.00 - . 11,30 [EERDo 7431 [0 -66.91
‘H- VIsuaIIze one or 11.40 _|:| 80,90 -.'5=:,$ -GB.78
= more quantities 11.50 NS00 8660 [1] -50.00
11.60, [NEEET 0 91,35 || -4067
— on a graph and, =
(] 11.70 GRG0 95.11 & -30.90
a or, on a table 11,20 EE o 97.81 & 2079
Ny
<
7))
=
)
L™
5

| |<:| Notes o

- o - 2 -I: =13.:m Min: 0.00 Max: 30,00 | |4 ‘ B &=

I



http://modellus.fct.unl.pt

http://modellus.fct.unl.pt

;
ﬂi 1 A first look of the interface

Learn how things are labelled and what they do

Objects

The ribbon changes, clicking on - . —
different objects ta0.00 .

Model Window Graph Window Table Window

-EH:II.EIEI -4DI.EII:I 0,00 EHIIiEIEI EHII;EIEI

=000

—-80,00

Workspace Hide / Show Case Boxes

‘Start / Pause Minimize All Windows
‘Step Backward / Step Forward N Hide / Show Ribbon
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i
ﬂi 2 See it in action: a simple example with functions (a model of projectile motion)

What you will get on this example that illustrates how to make a model of a projectile motion... (click on
the image to see the movie)
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t
ﬁi 2a See it in action: a simple example with functions (a model of projectile motion)

Write the model on the Mathematical Model Window...

Initial Conditions Table

e Ax ¢

E7 Jx T

IH
Copy Inkerprek Power Square PI e Delka F.at
Image Rook Ch

Model Elements

[E

x=50x={

1 >
'J.-'=5|:|:-cf+?3-c|[—1|:|:|nf—

Use either the * key or the SPACE BAR to get the multiplication sign

To make an exponent, either click on the exponent icon or press ~

Keys Backspace and Delete can be used to correct mistakes

Shortcuts for Copy, Cut, Paste and Undo are the usual ones (Ctrl C;
Ctrl X; Ctrl V; Ctrl Z), on the Mathematical Model Window and on the
Notes Window
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t
ﬂ.t. 2b See it in action: a simple example with functions (a model of projectile motion)

Create a particle to see the motion of the projectile...

5 : : .':-':: ......... 3 ‘-.a""- ]ﬂ m ;
Particle Vectaor Pen Text Level Analog Variable Image

Indicator
Animation Objecks

|__

x=00=xi

1 >
y =50 %t +—x(-10 )%t~

-EEII.I:II:I -40.C

To create an object on the
workspace, use the Right Button
or Click on an object on the
Ribbon

[ Add Particle

Add Vector

Add Pen

Add Text

Add Level Indicator
Add Analog

Add Variable

D O & S »
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t
ﬂ.t. 2C See it in action: a simple example with functions (a model of projectile motion)

Once the particle is created, select its coordinates...

q Par.ti-:IEE AR et 1ot o i Iﬁ “alus Iﬂ Axas Iﬂ Leave a mark eve
| | T

‘{ 1|l Coordinates: i |-.- | ‘.;| .

% Colour: |@|' ﬂ—' Y Iﬁ “Wariable Mame Iﬂ Projection Lines [J Casel

Dino B el - ' : :
& O Blue ' Scale, lunit =| 1.00 | 1.0d ™ Trajectary Marme || Auto-Scale

Values

Appearance

x=20x={

1 >
y=50xt+—x(-10)xt =

Click on the Particle to see its properties...

Use the Horizontal and Vertical variable boxes to
select x and y as coordinates for the particle
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t
ﬁ.t. 2C| See it in action: a simple example with functions (a model of projectile motion)

Run the model...

11.50
11.60
11.70
11.80

B x = 585.00

Run the Model...

The Run button is also the Pause button...

The current value of the independent variable is shown as a small ball
alongside an horizontal line...

The current value of the independent variable is also shown as a
number...

... as well as the Minimum and Maximum values.
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t
ﬁi 2e See it in action: a simple example with functions (a model of projectile motion)

The Maximum value of the independent variable t is too big... but can be changed!

Independent Variable

Independent Variable:

[ 4
Step (AF): | 0.10 |
Min: | 0.00 | Max: ip uuT

Independent Variable

The Independent variable has the following default values:

Labeled as t

x =50 xt Minimum of O
¥ =50 xf+é:|{—1lj]xf2 MaXimum Of 50
B Step of 0.1

All of these values can be changed on the Independent Variable Ribbon

Define a domain [0, 10] for t: Minimum value is 0, Maximum is 10 units

Don’t forget to reset the Model, if necessary, using the Reset button [
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t
ﬁi 2f See it in action: a simple example with functions (a model of projectile motion)

Play it again...

Run the model again... to check if the domain is correct

With a domain [0, 10] for t, the projectile fly until the same
height of the launching point...
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t
ﬁi Zg See it in action: a simple example with functions (a model of projectile motion)

Place a Pen on the Workspace to make a graph of the vertical coordinate y...

lode e iiﬂﬁnin. Graph Object

Panl Harizontal \ertical @ write [#) Mames | Points [# Projection Lines E
Colour: Coordinates: |E||t "-"||Ll_3||? "-"| @ values [# Pen  Thickness | 1

— . Delete
B Blue Seale, 1 unit =| 10,00 | 100 | ] Ases Mame [ Casel

¥=50xf A

1
y=50xt+=x(-10)xt > P

s
By = oot It = id.00

To place a Pen, use the right button or click on the icon on the Workspace Ribbon
Select the properties for the Pen on the Ribbon

The Horizontal scale was changed to 1 unit = 10 pixels because the default value
(1 unit = 1 pixel) was too small...

The Pen can draw points or lines, just select or unselect the Points check-box
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i
ﬂi 2h See it in action: a simple example with functions (a model of projectile motion)

And the complete model is...

11 Ctome IndggeVar — '

| | = w | _-T|
Show Ever'g.r! 1J5tep5 | r | | sl " "
|. Casel v| |. Casel [0 Casel v| O Casel v| ||:| Casel vi {I:I Casel vi il:l Casel v| [I:I Casel

B

' ' : 0 0 : Copy
™ Data Bars Opik ~ MPuple ~ Welack ~ Melck -~ WBlack — WBlack  MBlck  MWBack Tk
Table Clipboard

=50 xf
}f=5D=t+%!{-ID]“f2 _.-""ﬁ“‘.. R B

s The values on the table can be
scrolled and shown with the
scroll bar...

M y = 0700 Bt = 10.00

The trajectory is parabolic, as well as the function y... but these
are two completely different parabolas!

By = 0.00 5

The Graph Window is minimized, as well as the Notes Window
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i |
’i 2| See it in action: a simple example with functions (a model of projectile motion)

And now a complete movie on how to make the model...
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t
ﬁi 3 A more complex example with functions (exploring parameters)

Particle launched vertically, with different accelerations: what you will get...

ym—mgymt = eylyut+

iy = 5
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{
ﬁi 3a A more complex example with functions (exploring parameters)

Create the mathematical model...

: .:;.,-?';i 'ﬂfililk Madel Parameters Initial Conditions

1 4 . _ T Harizantal: \ertical: m
f ' ek, Coordinates: é'l] 30.00 Lﬁ ¥ i
Dina O Blue Scale, lunit = | 1,00 1.00 ]
Appearance
st = |
=Rl R Ly R T 0 Write the Mathematical Model...
vOy =50
¥0 =0 The independent variable is the time t...

This model is a function y that represents
the vertical coordinate of a particle launched
vertically with a certain initial velocity Voy

Initial velocity and initial coordinate are
given on the Mathematical Model Window

a, is a free parameter...

)]
-
\))
i =
o
©
v
-
.
=)
L=
c
.2
wd
o
-
o
o
et
wd
==
=
4]
-
1
>
<
Ny
<T
)
=
)
<
°)
=



http://modellus.fct.unl.pt

http://modellus.fct.unl.pt

t
ﬂi 3b A more complex example with functions (exploring parameters)

Give different values for the free parameter...

Parameters Initial Conditions

0.00 ‘ 0.00 0.00

15

-10.00 -15.00

3y = -5.00

Parameters

a, is a free parameter...

1 ==
y=—xgyxf~ +viyxi+y0 . .
2 On the Parameters Ribbon, give three

o different values for the free parameter...

yO =0
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{
ﬁi 3C A more complex example with functions (exploring parameters)

Create three particles and attribute properties for the first particle...

| introduction ... Java' 4 modelo exemplo.modellus

1 6 }h[H Parameters Bﬁm Table Graph Objects
Harizontal: Wertical: ] walue @ Aues ¥ Leave a mark e
ke L::'h it . éﬁ Y [#] wariable Mame (¥ Projection Lines | Casel
le, 1unit =| 1.00 _1-':"3 _ Iﬂ Trajectory Mame | Auto-Scale
Values

600,00

Properties for the FIRST particle...
Vertical coordinate is y...

Case is Case 1...

—-1.80E3
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Jtﬂi 3C| A more complex example with functions (exploring parameters)

Attribute properties for the second particle...

| introduction ... Java' 4 modelo exemplo.modellus

1 7 Model Paramekers kﬂi;lﬂl‘liim'; Table Graph Dhjw:tsr -]
Harizontal: Yertical: "] walue W Ares # Leave amark e
e L::'h it = éﬁ : [#] wariable Mame (¥ Projection Lines | Case2 |
le, 1unit =| 1.00 1.00 Iﬂ Trajectory Mame | Auto-Scale

Values

o

%EDD.DD

Properties for the SECOND particle...
Vertical coordinate is y...

Case is Case 2...

T-1.20E3

—-1.80E3

Oy =0.00 30.0 Hy= D'DDDBE@ @y =000 3|:|.O
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Jtﬂi 3e A more complex example with functions (exploring parameters)

Attribute properties for the third particle...

| introduction ... Java' 4 modelo exemplo.modellus

1 8 Model Paramekers kﬂi;lﬂl‘liim'; Table Graph Dhjw:tsr ]
Harizontal: Yertical: "] walue W Ares # Leave amark e
e L::'h it = éﬁ : [#] wariable Mame (¥ Projection Lines | Case3 |
le, 1unit =| 1.00 1.00 Iﬂ Trajectory Mame | Auto-Scale

Values

o

%EDD.DD

Properties for the THIRD particle...
Vertical coordinate is y...

Case is Case 3...

T-1.20E3

—-1.80E3
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{
ﬁi 3f A more complex example with functions (exploring parameters)

Select what to display on the graph window...

dependent Variable Model Parameters Initial Conditions Table | Graph | Objects Mates

S e - b

19

Horizontal Axis Wertical Axis| v ¥ | [y Iﬁ Projection Linas Paints @
t M Elack O Green . O Blue M EBlack M EBlack Auto-Scale Tangent Lines
= Copy
O Casel O Casel O Case2 O Case3 O Casel O Casel Equal Scales 2 Thickness Image
Chart Clipboard
1 2
y =Xy X t= +wlyxt+y0 Je00.00
vOy =50

P

w0 Click on the Graph Window...

r=119.80

Select y for the vertical axis in the first
three boxes...

600003 97 -354.04

By =-970.204---------1---------h--- oo ,

Select Case 1 for the FIRST value of y s rae-g

Select Case 2 for the SECOND value of y

Iy=-195E3---------r---------mo--mmooooe-

Select Case 3 for the THIRD value of y
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t
ﬂi 3g A more complex example with functions (exploring parameters)

Change the upper limit for the independent variable...

2 o {ome : Independent Variable |
Independent Variable: t
Skep (A): 0.0 |

Min: 0.00 | Max: . E'J-.'J'J. . - -
e Click on the Independent Variable Ribbon...

——_

Change the Max value for t: 20 units is a good value...

. ..
y=5xayxf = +wiyxi+yQ

vOy =50
yO =0
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QE 3h A more complex example with functions (exploring parameters)

See it all, as an image...

Particle Vector Pen Text Level Analog Variable Image Geametric Qrigin Measure Measure Copy
Indicatar Object Coordinates Diskance Image
Animation Objects Measuremenkts Clipboard

1 *'_:| e ..-.l:. T B .| ;..-_. .-

" Y =y X = +vOyxt+y0 +eo0.00 18.40 73.60 :
i i .
Q vOy =50 1 18,50 69.38
= yQ =0 18.60 65,10
O 18.70 6077
8 18.80 G640
= 18.90 51.97
L 3 19.00 47 50
.E E—é 19.10 42,98
- ':,—__—,c:' 19.20 38,40
o L/ 19.30 33.77
_— l.-"“""\._

fd k ---II 19.40 29,10
o P 19.50 24.38
= \J 19,60 19,60
L®) |/ : .

(o] . J-LB0E3 19.70 14,77
[ |l-l- ] O ¥.= -195Ex%~""""""""7°"""""""T"TTTTTTTTTToTo 19,80 9,90 ﬁ
+ b 0 i ' 04
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it . - i
- 3g A more complex example with functions (exploring parameters)

See it all, as a movie...
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Q.T'. 4 Exploring inertia with iterations

See a movie of what you will get...

DCaeal | Scile. luntm | 1000 10,20 (¥ A Ciraction | Magritude: | g | 157 éui:i 170 *--! e
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4 A Exploring inertia with iterations

Creating the model...

O N 7 A d

Particle Vector Text Level
Indicator

Animation

x =last( x )+ vx xAt
y =last( y )+ vy xAt
vx =last( vx )+ ax xAt
vy =last( vy )+ ay xAt

SUMFX
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6.1. 4b Exploring inertia with iterations

Setting the scene... but there is a problem with the scale for the vector sum of the forces!

Condicns Table gk Dbgects ot Anmpte
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v oulagt] w )+ vy =2 g0 490 "
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@ 4. C Exploring inertia with iterations

Changing the scale for the sumF vector makes it more easy to control velocity...

154,93 |

> D= 6956

Modellus 4, A Visual Introduction for Teachers
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QE 5 Chemical equilibrium with differential equations

The model. The graph shows how the system reacts to change in the concentration of a reactant

27 -—
2 = B g L L »|L

Particle Vector Pen Text Level Analog Variable Image Geometric Origin Measure Measure Copy
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ﬂ.t. 5a chemical equilibrium with differential equations

Creating the model...
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ﬂ.t. 5b Chemical equilibrium with differential equations

Creating controls for initial values and for parameters... and giving values for them
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ﬁ 5C chemical equilibrium with differential equations

Running the model and changing values interactively...
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	0 Modellus: the concept and uses
	Write a mathematical model... and then visualise and explore it!

	1 A first look of the interface
	Learn how things are labelled and what they do

	2 See it in action: a simple example with functions (a model of projectile motion)
	What you will get on this example that illustrates how to make a model of a projectile motion... (click on the image to see the movie)
	Write the model on the Mathematical Model Window...
	Create a particle to see the motion of the projectile...
	Once the particle is created, select its coordinates...
	Run the model...
	The Maximum value of the independent variable t is too big... but can be changed!
	Play it again...
	Place a Pen on the Workspace to make a graph of the vertical coordinate y...
	And the complete model is...
	And now a complete movie on how to make the model...

	3 A more complex example with functions (exploring parameters)
	Particle launched vertically, with different accelerations: what you will get...
	Create the mathematical model...
	Give different values for the free parameter...
	Create three particles and attribute properties for the first particle...
	Attribute properties for the second particle...
	Attribute properties for the third particle...
	Select what to display on the graph window...
	Change the upper limit for the independent variable...
	See it all, as an image...
	See it all, as a movie...

	4 Exploring inertia with iterations
	See a movie of what you will get...
	Creating the model...
	Setting the scene... but there is a problem with the scale for the vector sum of the forces!
	Changing the scale for the sumF vector makes it more easy to control velocity...

	5 Chemical equilibrium  with differential equations
	The model. The graph shows how the system reacts to change in the concentration of a reactant
	Creating the model...
	Creating controls for initial values and for parameters... and giving values for them
	Running the model and changing values interactively...
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