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Modellus web page and support

For updated information see

http://phoenix.sce.fct.unl.pt/modellus

For email support and information, send an email to

modellus@mail.fct.unl.pt

‘ a Modellus web page - Microsoft Internet Explorer
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Version 2,5 is available for download,
Click here
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New publications (Nov. 2001)
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Examples and worksheets from the
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Sample files, images and videos

The Modellus sample files have been provided by many colleagues. Most are
identified with the author’s name, except those created by Modellus authors.

The video files are used with permission from
Pasco Scientific (http://www.pasco.com) and
VideoPoint (http://www.lsw.com/videopoint).

CD-ROM contents:

Install Modellus s Modellus 2.5 Manual )
Modellus website &] Acrobat Reader 5.05 &

You can browse the images and video files

Modellus Library

- . . Pasco Videos - Photos for data An_alvs_is
following the appropriate links on the Modellus Bitaeom Sensors - 1mages fof
CD. [ — '7_{{-)'"*'7

&F»?z e
u

. =

Faculdade de Ciéncias e Tecnologia
Universidade Nova de Lisboa

2002

Data from Sensors

Click to see an image in 1:1 size. ik
Use the right button to save an
image on a folfer.

Click to play the video. ‘

PASCO Videos Images for Animations

Modellus 2.5

sppleRedalt

[Prev] [Next]

Faculdade de Ciéncias e Tecnologia

|inivarcidada Nova de | ishna
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"Scientific computation has become so much a part of everyday experience of scientific and
engineering practice that it can be considered a third fundamental methodology of science—
parallel to the more established paradigms of experimental and theoretical science."

National Research Council, National Academy of Sciences (USA)

Introduction

Building and exploring mathematical models is a fundamental task in science. Modellus offers
students and teachers a "minds-on," multilevel learning experience in which they create,
simulate, and analyze models interactively on the computer, either from experimental data and
images or from pure theoretical thinking.

Modellus is software for interactive modelling with mathematics. Teachers and students can
use Modellus to build mathematical models and explore them as animations, graphs, and tables.
Instead of just looking at algebraic, differential, and iterative equations, Modellus users can
experiment visually and interactively with models and animations to better understand the
underlying mathematics and the multiple representations of a model.

Modellus can also be used as a tool to analyse and make sense of experimental data,
providing tools to make models from images (photos, graphs, etc., in BMP or GIF format) and
videos (AVI format).

Modellus can be integrated in any elementary course of mathematics or physical sciences or in any
advanced course that makes use of functions, differential equations, iterations, etc.

Users can:
Select ready-to-use models from the library of
models that come with Modellus or download them
from the web page.
Quickly customize existing models to meet specific
needs.
Create their own library of reusable models.
Preserve the integrity of models by password
protection.

Modellus gives teachers and students a powerful technology
for learning mathematics and science at secondary
school and college level.

11
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“To create a world and watch it evolve is a
remarkable experience. It can teach one what
it means to have a model of reality, which is to
say what it is to think. It can show both how
good and how bad such models can be. And by
becoming a game played for its own sake it can

be a beginning of purely theoretical thinking
about forms.”

Jon Ogborn

13
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BASIC
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Installing and launching

| 'I' U]
BASIH
“‘ |||

1 Place the CD (with an auto run
for the index.htm file), select the
link Install Modellus and
choose the version you want to

install.
CD-ROM contents:
Install Modellus ¢ Modellus 2.5 Manual 2 Use, prefera bly, the d'reCtOry
Modellus Website &) Acrobat Reader 5.05 @ c: \Program f"eS\mOde"us as
Modellus Library the destination folder.

Pasco Yideos - Photos for data Analysis
Data from Sensors - Imaqges for Animations

3 A Modellus file can be launched
from the file with a double click
only if Modellus is not running.

4 A Modellus file can also be
launched from a link in an HTML
browser only if Modellus is not
running.

Faculdade de Ciéncias e Tecnologia
Universidade Nova de Lishoa

2002

Where to start

g? Modellus 2.5 [_ (O] x|

- Load the file
KO . .
Show Back Ferward Home 01 a car accel with a function.mdl

_ . in the Tutorial folder. Read and
LA Modellus _ . .
*%] Workshope and Help Version 2.5 (2002) examine it carefully. Then run it. Look
at model
Workshops 02 derivatives.mdl
N in the same folder. And so on...
imple Oscillation (with Functions) , , You can also choose Workshops and
Velocity and & ceeleration (with Differential Equations)
Analysing a Graph of Experimental Diata and Creating an Animation Help from the Help menu. Then choose

one of the four workshops.

|»

Help

Introduction Syntax (Reference
Basgics

Mlodel Window

Contral Window

Modellus Files and Imported Images and Videos
Password Protection

Comemon Buttons and Shortcuts

Initial Conditions Window

Motes Window

Graph Window

Tahle Window

Animation Window

Propetties of Animated Objects in the Animation Window
Ileasurement Tools in the Animation Window

Mlodel Syntax

=
4| | »

17
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Control window

. Modellus - Untitld

[ lCEIC 1 o | o] (oot | (B[] (=] B
L t

owes ——— =xf ——— Graph window

Haorizontal

L =
Adjust

| Options...

| Model Hor:-56 30 Vert:-81.63 Double click to set origin_ Click

= =153
@IFTFII_H_IW Bl=] [@lE]=]

: Animation 1

Animation window

HEHEOCEGH

Notes window Model window

File menu Edit menu Case menu Window menu Help menu

5|

! E% | %ﬂse | window Help

e Wit Add ‘ | Wiark zhops and Help
Oper... o Hemove Las Mew Animation Ahout Madelus
Save |:_ Mew T able

Copy
Save bz Paste Standard
Pazzword... i i Cazcade
_ ~ Copy Window Ti
Tile
Preferences... ¥
- = 1 Control
it 2 Iritial Canditions
2 Motes
v 4 Model

18
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“““““““m C “”Ill Writing and running a model
il

' Modellus - Untitled [ (5] x]
File Edit Case Window Help

e ] ] el [ e
[ — [ | X=vxi
[ [<["]5] [ontions..| e
Nowes | .
(B[R] (=]
-] ;
o0 50.00 50.00 100
Horizontal i
— sl
Adjust
| Options... -
| Mpdelinterprefed! || Hor-58.30 Vert:-21.63 Double click te set origin. Click
=
... | Animation B El.xl
Spem 2 B2 B =
Parameters
| case1 |
e
4=7]
Initial values Tg
o e
48
1 Write the model 2 Press
in the Model Interpret.
window.
Use * (or the
space bar) to
get the
multiplication
operator.
The Initial Conditions
3 Give a value 4 Run the model. The window appears when
to the independent variable, ¢, there are parameters or
parameter has domain [0, 20] units. initial values.
v. All values
in this
window
must be
numeric.

19
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Creating new windows and viewing
multiple representations of a model

Window menu

[ s —
| Window I,'-.';!]Eraph 1
S din C ; by = |
Mew Arirmation Ua:rfiaila Q.rsi ot |
MNew Table t o] ek
Standard
v 100.00 E
LCazcade
Tile £0.00
1 Cantral so.on E
2 Initial Conditians
3 Mates a0.00 E
v 4Model [ ;
Horizontal 20.00
t .:] by e by P st e b e beaaa e st s ben st o beaas baa s aan sl aas lis s
4.00 E 400 200 1200 1600 2000 24.00
Press Adjust to fit - o0 b
the graph. Options... ! E |
Hor:-4 .03 Vert:-5 63 Double click to et origin. Click and dri
| Window | Table 1
Mew Graph Cazes: [
Mew Arimation - - -
ﬁtahgard j
LCazcade
Tile
1 Contral
2 Initial Conditions
3 Motes
4 M odel
v B Graph 1
_:j 4] | 3!

Drag or Ctrl + Click = e ————_—
. Selected variables' values. |
to select variables.

20
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Control window

0

[«] o ||

t= 2000

Control window

Symbol and current value for the

20 independent variable

[v] 0] m]n]e] | Options... |
| t= 20.00
0 20
Replay/pause El %
[»]0]n]n]e] | optionk...||
Go to last
calculated value
One step One step
Go to first value backward forward
Stop Drag to browse in
the domain
Run / pause
Options I

Independent variable: E}

—Limits .

-Angles-

&~ Deqgrees " Radians

r Output

Decimal places: |
Exponential threshold:

-Model type
™ lterative

" Auto-Run on Open...
0].4 Cancel

21

Independent variable letter

Independent variable step

Independent variable limits

Angles in degrees or radians

Numbers output format

Check to create iterative
models, without Independent
variable.

Check to run the file
automatically after loaded.
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““““““““'ﬂ Viewing multiple cases
B

.. Modellus - Untitled

Eile Edit Case Window Help

: B |
o TP | EIE I e ] et ][] B
[+] e — ] | =t |
DL IRWs] [opons..]
o= e ——
— =l
i 1.60E2 |
1.20E2
80.00 |
| 40.00 b
Print window| contents. | Meodel interpreted!
3 m 200 800 400 O TR :c::c ' x|
-E Cases:[& [ [u] -40.00 £|
Paramsters i 2000
case 1 case 2 case 3 4
CEEE - 10.00 -10.00 2 | 1.2082
; Horizontal i
| |
E PRER IR - e s s e e
Initial valueg %=t
case 1 | case?2 case 3
[toxt)
-8,
1 Choose Add 2 Give
from the Case different
Menu to add a values to the
case. The parameter v.
maximum
number of 3 Run the model and select the
cases is 5. colour of the cases you want to
Use also this see. In the Graph window, it is
menu to possible to see multiple cases
delete a case. simultaneously. In the Table and

Animation windows, only one
case can be seen.

22
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Creating an animation

Windows menu

fr——

| Window
Mew Graph
Nea Takle '
Standard
Cazcade
Tile
1 Control
v 2 Initial Conditions
3 Model
e = [ el ] L]
[ ]
1 Click the Particle |
button. ]
. . =
2 Click anywhere in (|
the Animation =2
window. =7}
=t
B
|
Particle
3 Select x as the E‘:R'Zot':mL VERTICAL Name:
const. .
horizontal t t - Attributes ———————
coordinate for the ™ & X ¥ Name
. ¥ ¥alue
particle. i
v AXIS
“Gcales [" Trajectory
4 Check tracking. T Pixel =1 TPixel = 1 7 Tracking
Track every steps |
- Origin
. Var. |]$‘~.‘.=:s:s_:] j| Var. |[Axes] _j|
5 Give the name
. Axis Axis
Car to this i ]

particle in the rType |
Name box © Image | | Browse... ||

@ Object |Particle ~| (I ~

6 Click OK and run | ] -l

the model. 0K l Cancel l Delete l Release |

23
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Creating a vector in the Animation
window

o = B3 B 21 P P
L&
= 5
1 Click the Vector =
| & |
button. 1
el

2 Click anywhere in

. . %27
th.e Animation
window. N
&
Vector
HORIZONTAL VERTICAL Name:
:] [const) n - Attributeg —————
3 Select v as the || = ¥ Name
. | v ¥ ¥alue
horizontal I Axis
component of the ¥ Arrow
vector [~ Tracking
' ~Scales Track every steps
4 Change the | 1 Pixel = (0.1 1 Pixel = |1 | “View
horizontal scale to [ Origin | | " Components
0.1 Var. |[Axes] __'_il Var. |[Axes] _:J| | @ Resultant
Colour: -L!
5 Uncheck Axis. Thickness: |3 7]
6 Change Thickness OK I Cancel Delete | Release I
to 3 and Colour to
red.

7 In the Name box,
write v.

8 Click OK and run
the model.

24
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Linking a vector to a particle

e
>
g
3
B
g
-

2 B3 | 1 i P

o
i
i
i
i

o]

1 Drag the tail of
the vector on the
particle.

[om[s]¢]-

o
n
=3

I

]

Modellus
2 Answer Yes to the

. . Link to; Car?
question Link to... e

1w |

o

o
p-3
2.
El
o
2
-
5

o
o
i
il
i

o]

Y X
I 2 2 )

3 Run the model.

K[o[m[s]¢]-

u
"
b d

I

Bl

25
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Editing the properties of an object in
the Animation window

o
h- 3
2
El
o
5
=
5

= EEE e
Ny
1 Click on the =
particle with the 2=
RIGHT button. L |
il
1=
%=7
Modellus
text .
2 Answer Yes or No — @ Edit object: Car?
. & [% Maodellus
to Choose WhICh ............................... =
object to edit. e we | @ Edit object: v7
Mo I
Particle
HORIZONTAL VERTICAL Name:
t —Attributes -
i | = ¥ Name
v ¥ ¥alue
¥ Axis
[" Trajectory
-Scales
3 Change the scale 1Pixel=[05_ ||1Pixel=l_____]| | Tracking
of the horizontal o Track every [10 | steps
coor.dinate of the Var. [lixes] =] | var. [iAxes] 2| N
particle to 0.5. Axis [0 || aiso |
-Type
(‘lmage| | Browse... |
@ Object [Particle 1 | [l

0K l Cancel I Delete I Release I

&)
-3
2
3
e
2
=
5

[EZ =] a]L]

o
ai
i
i1
i

o]

4 Click OK and run
the model.

[ [m][4]-]

o
W
s

fid

5]
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Creating a level indicator in the
Animation window

=
>
)
El
g
2
=
=

CEE' = B3 B2 =1 |
Ny
=
. HE
1 Click on the Level =i
Indicator button. | |
44 M = 20,00
%=7
g w=5.00
2 Click anywhere in |- Min = 0.00
the Animation |
window.
Variabl ~0ri i
3 Select the ta"a € Orientation
) @ Yertical
variable v to be : .
. i " Horizontal
displayed in the
level indicator or r Colours:
bar Full: | I - |
¥ Name ¥ Value Empty: -
Pillame  Bslue. [ — -
Mo
4 Set the maximum Step: 0|
to 20. Cancel Delete

5 Click OK and run
the model.
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Creating an analog meter in the
Animation window

3
k-3
2
=
[
£
3
i

&8 [ [z Al L]
L
[
e
1 Click on the _%
Analog Meter 2|
button. %=7 w= 500
g hlin = 0.00 Max = 10,00
2 Click anywhere in |-
the Animation
window.
Analog Meter
Variable ~Type
3 Select the  Clock
variable v to be ¢ Protractor
displayed in the
. . ~Colours ——
level indicator or Pointer: 1~
bar. W Name [ VYalue Background: -j
rLimits ——
4 Set the maximum Max:
to 10. Step: 0|
0OK I Cancel Delete

5 Click OK and run
the model.

28




Click on the
Graph button.

Click anywhere in
the Animation
window.

Select the
variable t to be
displayed in the
horizontal axis
and the variable x
to be displayed in
the vertical axis.

Change Colour
and Thickness.

Click OK and run
the model.

Click with the
RIGHT button on
the origin of the
graph (or on the
pencil).

Change the
horizontal scale to

0.2, and run the
model again.

Modellus Manual version 2.5 (2002)

Creating and editing a graph in the
Animation window

Ia Animation 1

[ %]
[ a2 BlEE=

Kleefr[t]- | g
&

%27
text
|-
t=20.00
HORIZONTAL VERTICAL ~Attributes
| " e
® u ¥ ¥alue
v v
¥ Axis
¥ Pencil
[ Projection Lines
~Scales " Points
Colour: | N _'J
Thickness:
0K I Cancel | Delete I
I~
YERTI
t
W
Dl vination
Cazes: [ Scales——————— —.ﬁ»_.l
Y — | 1 Pixel = [0.2 1 Pixe
]
B
& | i
& R T ey -
2] =100.00 ,
%=7
text
|- .
t=20.00

29



Modellus Manual version 2.5 (2002)

Creating a digital meter in the
Animation window

== [ [e ] Al L]
| b
S
el
; I
1 Click'on the (@] SIS NI ST
Digital Meter 3 B
button. E— P x =100.00
b
2 Click anywhere in |-
the Animation
window.
3 SeIeCt the Variable HORIZONTAL VERTICAL
variable x to t | -origin
appear in the var. [laxes] 7] | Vor.[iaxes] ]
[P -Scales
digital meter. 1Pixel=[1_ || 1Pixel=[1 |
¥ Name Colour: _;' i
4 Change Font... to 0K ’\@J Cancel I Delete Belease
Size 16.
5 Click OK and run
the model.

30
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Inserting images in the Animation
window

m]Animalion 1
|5
et
[~
&
|
1=
. %=7
1 Click on the
Image Importer text
button. =
2 Click in the
Animation |
window.
Image Importer
HORIZONTAL VERTICAL Name:
3 Select x as the _
. t —Attributes
horizontal x I Name
coordinate of the M I Value
image.
-Scales Ch
4 Change the scale 1 Pixel = 1 Pixel = i & Position
of the horizontal - Origin ¢ Size from lower left
coordinate to 0.5. Var. |[‘B‘XES] L!| Var. |[‘B‘XES] L!| " Sjze from center
. -lmage from file:
5 Select the file RMODELLUS\IMAGESIEIN_TON.BMP | Browse... |
(BMP or GIF) to
0K, I Cancel | Delete |
use.
) Open file HE
6 Click OK and run )
File name: Folders:
the mOde|. |ein_lon.hmp | c:\modellus\images

Cancel
earth.bmp - e -

Flt

{3 modellus Network.__.
& images -
] spinni‘[:%
v
List files of type: Drives:
| Gif, Bmp(>.git *bmp)  ~| | e po disk |

31



Click on the Text
button.

Click in the
Animation
window.

Write the text in
the Text box.

Select x as the
horizontal
coordinate of the
text.

Change the scale
of the horizontal

coordinate to 0.5.

Change the
colour.

Click OK and run
the model.

Modellus Manual version 2.5 (2002)

Inserting text in the Animation

-
window
coc B
| b |
e
|
& |
= R e e T e,
3
%27 particle moving with constant
velocity
23
-,

Text
Text:

particle moving with constant velocity Font... |

Colour: ([l ~|
I

HORIZONTAL YERTICAL
—Origin

Var. |x _'_]| Var. |[Axes] Lﬂ
-Scales

1 Pixel = Pixel= [

0K ] Cancel | Delete | Release
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Click on the
Geometric Object
button.

Click in the
Animation window.

Select Type Circle.

Change Colour and
Thickness.

Click Placement...

Select Center on
coordinates [0, 0]
and Point on [x,
0].

Click OK and run
the model.

Modellus Manual version 2.5 (2002)

Creating a geometric object in the
Animation window

I:ﬂAnimalmn 1 k E
e 2 E3 B2 2] P
| &)
]
Bl
= — )
o R T O T et
|
=7
text b=100.00
-8
Geometric Object
_T e—
:I:Eoints Mo. of points: Name: |Object no. 52
T Segments Placement... I _ Atributes
" Polygon ¥ Hame
@ Circle Colour: -j —
 Line Thickness: (vl -] [ Points
¥ Axis
HORIZOMTAL VYERTICAL .
-Scales DIFilled
1 Pixel = TPixel=[1_ ]| | [ Trajectory
-Origin " Tracking
var. [laxes] ][ var[laxes] <] Track every [10 ] steps
OKh | Cancel | Delete |
Circle
HORIZONTAL YERTICAL

Center: |Const.= _j ’I]—| Const.= _j ’I]—|

o]

Point: |X

Cancel |
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Help Menu

Help

Work zhopz and Help

About Modelluz

1 The Help file has four
Workshops that introduce
many of the features of
Modellus. You can read
them and follow the
instructions.

2 The second part of the Help
file is a hypertext
manual. The initial
sections are concise and
direct and the final sections
are more complete. The
Syntax (Reference)
section is useful for a quick
check of the syntax of a
function or of a conditional
statement.

3 Use the Show button to
look for a specific word (on
the Search tab) or topic
(Index tab).

Getting help

E? Modellus 2.5 =]
SR A
Show  Back Fomward Home
Modellus™ _
Workshops and Help Version 2.5 (2002)
Workshops -
Exploting Graphs

Help

4]

Simple Ozeillation (with Functiong)
Welocity and & coeleration (with Differential Equations)
Analysing a Graph of Experimental Data and Creating an A nimation

Introduction Syntay (Reference
Basics
Il odel Windowr
Control Window
Modellus Files and Imported Images and Videos
Password Protection
Common Buttons and Shorteuts
Initial Conditions Windowr
Motes Window
Graph Windowr
Table Window
Animation Window
Properties of Animated Ohjects in the Animation Windowr
I easurement Tools in the Animation Windoar
| 3|

Mlodel Syntax
E? Modellus 2.5
S A

Show | Back Forward  Home

@ Modellus™ _
S Workshops and Help Version 2.5 (200

2 Modellus 2.5
G |

Hide Back Forward Home

Cortents ]

Type in the keyword ta find:

Index

Modellus™
Workshope and Hel}

]

Select Topic to display:

Workshops

Exploningz Graphs
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Simple Oscillation {with Fun
Velocity and Acceleration {3

Analysing a Graph of Experi

Help




Modellus Manual version 2.5 (2002)

INTERMEDIATE

35



Modellus Manual version 2.5 (2002)

36



Modellus Manual version 2.5 (2002)

INTERM

Model syntax

You can open only one Model window at a time.

(%] (o e e foe ] ] =
A model may have variables, functions, 7 -
differential equations, iterations and ;3 -
conditions.

2

133
Variables appear in green italic. Numbers appear

in regular text and portions that it interprets as =E
function names (e.g., sin, cos, etc.) and logical 140
conditions (if, then, and, or) appear in bold. ti=65%7t

] xO=37%70
Any set of alphanumeric characters (the letters a
through z and the numbers 0 through 9, or the a0, 20175
underscore character _ ), starting with a letter if(#<t]] then [x=x0)

(e.g.: F2_x) can be used to define a variable. i

if(t==2]) then |x=x0+— xax x (t-1])
2

2

Modellus is case-sensitive, so T is different from ¢t.
if(¢>=¢1) then [ve=cxx (#-2]] )

By default, the independent variable is t. It can  Modelinterpretea:
be changed to any other letter, using the
Options... button in the Control window.

The left hand side of an equation can only have one variable. E.g.:

limgar=a+ b x{

In this model, a and b are considered as parameters. The initial values for the parameters are
given in the Initial Conditions window.

A line can have only a name of an independent variable. E.g.:
J-i....l.

AY

o

This is useful in many situations. For example, to create geometric images than can be directly
manipulated.
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INTERME

) Mathematical operators

Addition +
Subtraction -
Multiplication * (or press the space bar)
Division /

To enter a fraction, type the numerator, followed by the slash character ( / ), and then type the
denominator. For example, type (2*P)/T to enter the fraction

2= P

2
i

<
If the numerator or denominator is an expression, enclose the expression in parentheses.

Tool palette

Iy
Exponent A 2
If the argument of the square root is an
Square root # "l"'J_E expression, enclose the expression in
q parentheses.
kL
p $
=
e e
Requires a variable, not an expression. To
Delta x (change in x) % R compute the rates of change of two variables,

divide the change in one variable by the change
in the other variable.

b =L

2

Non-defined value for x

Last-value of x ) bt ® Requires a variable, not an expression.

If the argument of the square root (or of the exponent) is an expression, enclose the expression in
parentheses.

For example, type displ=#(dispx”2+dispy”2) to enter

g 2

[5mgm | = r'."""""_+ F . i
QISP = FERTELY f-hf_-_e.-'|
I I w
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INTERME

Editing equations and inserting

<4
comments

Editing equations
Use the standard keys for editing: Backspace, Delete, Home, End, and arrow keys. If you make a

mistake and want to start over, you can clear the Model window of its contents by choosing New
from the File menu.

Copying and pasting

Use the Cut, Copy, and Paste commands on the Edit menu to cut, copy, and paste equations within
the same model, from model to model, or into another program.

You can also copy an equation you typed in a word processing application and paste it into the
Modellus Model window, as long as the equation contains the characters that Modellus recognises.

For the best result when copying equations into another application, use Copy Window. Otherwise,
some characters might be displayed differently. For example, in the Model window, Modellus

interprets the "$" character as pi (=3.14159...). However, when you paste the equation into
another application, you'll see "$".

Inserting comments

Type a semicolon at the beginning of a comment line. (Modellus ignores commented lines.) For
example:

Enter only one statement per line.
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INTER Pre-defined functions and
4 conditions. Imaginary numbers

Pre-defined functions and conditional statements appear in bold:

logarithm =log ( x )

1 |
if (1 >=¢]) then | x=x0+—xax x [1-11 )"

i)

For a complete list of the pre-defined functions and conditional statements, see the Reference
section of this manual or the Modellus help file.

Imaginary numbers

When Modellus finds an imaginary number in any variable, it does the following:
e When the variable appears in a Graph window, Modellus does not plot the humber.

e When the variable appears in an Animation window, Modellus displays the number like
this:

F---

o When the variable appears in a Table window, Modellus displays the number like this:

Cazes: @
v

t -
1.00 |
062
B

- - _*ILI
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= Control window

In the Control window you can: Control x|

2 [ =
e Run or pause L— the model. | t= 3.30
o 20

|

e Stop the model. [«] oo — | |
H M| H|H|Y Options...
e Rewind the model, without losing
calculated values.

H

e Jump to the last value of the model.
Y -

® Replay the model. Independent variable: IEI

e Read 1= 930 the current value of the
independent variable and the limits of its domains.

~Limits

o Drog N S . et angles

value of the independent variable and check visually | & pegrees © Radians
the progress of the variable. ~ ~

~ Output

Decimal places:

e Go backward E or forward IEI a single step.

® Access the Options... dialog box:

II

Exponential threshold: |3

~Model type
I™ Iterative

Use the Options... dialog box to:

e Set the limits and the step of the independent [ Auto-Run on Open..

variable. 0K I Cancel

o Choose the angle unit.

e Format all numbers in tables, graphs, animations, and in
the Initial Conditions window.

e Change the model type from standard (with an explicit
independent variable) to an iterative model, without explicit
independent variable.

® Check/uncheck to auto-run when loading the model.
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ﬂ[ D Modellus files and imported images
ii;" and videos. The Preferences dialog
| box

Modellus files have an "md|” extension. The filename must be a valid Windows filename:
e.g., it can’t use symbols like "\ * < > : / ?".

Modellus files can be launched locally from a web browser or other software with a
hyperlink if, and only if, Modellus is not running.

GIF and BMP images can 2 Modellus - Untitled HEIE

Fle Edit Case Window Help

| rSSSSSSS—— %]
[ L] e ] e o] o] [teroret | [B] ] [S] G [E]Ra] =]
D L t

be used in the Animation
window. In the
background of the :
Animation window, it can EEIIE=]]
be placed a GIF or a BMP
image, or an AVI video. An @
AVI Video appears asa 7|| Model interpreted! _ | ’OS';E'"&"V';‘ ;8182 Double clickto set origin. Click |
duplicate image: the left 1ol

is the original video where ﬁ’—]mﬁﬁ’—! Bl [l
nothing can be placed over

it. The right is a copy of the
left image, where
annotations and measures
can be made.

Cases @

&
]
[=]
=
(=]
’E
1)
=
[&]

It is recommended to keep

these external files in one or more folders on the Modellus folder. The File menu has an
option, "Preferences...", where these folders can be specified as default folders for
images. This will make it easier to

Modellus to locate the files, if any
path name problem arises. - Default Folders -
Models: |c:'||,modellus |

[id T = |

ImagesfVideos: v p ] 5

Use «; » to separate folders/paths of images and
videos [8 characters maximum per folder name]

Cancel I
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INTERME

Image masks

Some of the images used with Modellus are accompanied by a second image with a similar
filename but with the letter "m" tagged onto the end of the filename. For instance, a filename
"ball.gif" can be accompanied by a filename "ballm.gif". Modellus reads the second file as a mask
file. Mask files enable you to mask away portions of a picture that you want invisible. To find out
more about masks, read a computer graphics reference/book.

Example of an image with a mask:

ballm.gif 9
ball.gif H

A sequence of images with names like "natal.bmp", "natall.bmp", "natal2.bmp", etc.,

I

can be used to animate an image when file "natal.gif" is placed in the Animation window as a
particle:

natal.bmp ‘
natall.bmp ‘
natal2.bmp ‘
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INTERM

: Password protection

To maintain simulation and experimental integrity or to hide certain details from students or other
users, you can protect a model by giving it a password. Before assigning the password, you can
hide or display the Model window and/or visual representation windows so that users see only
what you want them to see. Users cannot open or hide any window after the password is
assigned. Users cannot close any windows that are displayed after the password is assigned.

For example, if you want the users of your model to see it represented as an animation and a
graph, but not as an equation, hide the Model window before you assign a password.

To assign a password choose Password from the File menu:

Password insertion ] I

Confirmation: III

Type the password in both text boxes. Keep in mind that the password is case-sensitive. Click
OK. Save the model.

You also use the Password command to remove password protection from a previously protected
model:
e Open the file that contains the model with the password you want to remove.

e Choose Password from the File menu. The Password Removal dialog box appears.

Password removal B I

Password:

I
0K |
Cancel |

e Type the password that was assigned to the model. Click OK. The model is no longer
password protected
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Common buttons and shortcuts

The following buttons are common to most windows:

q»ﬂ Hide the window. Useful to customize environments. When you want to see the
window again, open the Window menu and choose the window you want to view.
The window reappears on your screen.

Whenever you open a new Graph, Animation, or Table window, all hidden windows

reappear.
Copy the window content to the clipboard. In the Model, Graph, and Animation
= windows, the button copies the content as an image. In the Table window, it copies

the content as a table of data. And in the Notes and Model windows (selected text),
it copies the content as text. Text can also be pasted in Model and Notes windows.

@ Print the window content.
Copy and Paste to a word processor may yield better results (and comments can
easily be added in the word processor file).

The hide button doesn’t close the window, it only hides it. To close a window, use the close button

E on the top right of the window (Model, Notes, Initial Conditions and Control windows can’t be
closed).

All Modellus menus are accessible with ALT + keys shortcuts. Cut, Copy, Paste text, and Undo,
have direct shortcuts: Ctrl + X, Ctrl + C, Ctrl + V, and Ctrl + Z in the Model and Notes windows.
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INTERM

1 Initial Conditions window

All data in the Initial Conditions window must be numeric.

Initial Conditions BH

Parameters

Separator bar

Initial values
If necessary, use the separator bar to resize the window
space available for the parameters and the initial values. Independent variable: |E|

If a number appears as 0.00 and its value is, for example, Limits

0.004, it is necessary to change the number of decimal Min: D
places in the output, using the Options... button of the
Control window. This change is also valid for all output - Angles
(Graphs, Tables, and Animations). & Degrees ¢ Radians

~ Qutput

Decimal places:

Formats all numbers in the

I

Initial Conditions window Exponential threshold: |3
and in the output windows ~Model type

(Graph, Table and ™ lterative

Animation)

™ Auto-Run on Open...

0K I Cancel
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1 Notes window

The Notes window can be used to register comments and/or write instructions to use the model.

[ |
By | [l | =

This is a comment in the Notes window.

L]

When the model is protected by a password, the user can’t change the content of the window, but
can copy it.

The maximum number of characters in the window is about 3200 — about 2 pages.

You can copy text to and from the Notes window, using the Edit menu or the shortcuts.
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INTERME

1 Graph window

A Graph window can show any variable or parameter as graph. To view the model as a graph,

choose New Graph from the Window menu. You can open up to three Graph windows per
model.

Model

[ ] e J[ax ] fee] o] [ interpret ][Ga][R] [

x=A xsinfwxz)

1z Graphl P ]

i
2000 F

A

w

10,00 F

Lot o " et ——
-4.00 400 Y&00 ﬂuu 16.00 Y2000 24.00
[ [ YRR VN e
Initial Conditions
-— Horizontal
[,
| O
Adjust Parameters
e —— case 1 case 2 case 3
Options...
1 | 20.00 10.00 5.00
Hor:25.26 Ver m 3000 30,00 3000

Initial values

case 1 case 2 case 3

The variables are selected in the Vertical list box. To choose more than one variable, drag the
mouse over adjacent variables. To choose non-adjacent variables, use Ctrl + click.

The Horizontal combo box lists the horizontal variable. By default, the selected variable is the
independent one, but any variable can be chosen.

The coloured buttons Cazes: E . . allow the selection of one or more cases.
Colours match the different cases, not variables.

The Adjust button automatically adjusts the scales for a best fit in the available space, for the
current domain and counter domain.

The Options... button opens a dialogue box to change graph properties. See next page.
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The Options... button of the Graph window
opens a dialogue box to change graph
properties.

Use the Automatic scale check box to turn
the automatic scale on and off. When
selected, the graph auto-adjusts. This check
box is unselected after zooming in a graph.

Projection lines show or hide dotted lines to
axes.

and copy

Limits:
HORIZONTAL
YERTICAL

W Automatic scale

¥ Projection lines

[T Tangent lines when replaying

ox ]

Options in the Graph window. Zoom

Min: [6

Max: (26 |

Min: [-26

Max: |26 |

[" Equal scales
™ Points

Cancel

Tangent lines when replaying show or hide tangents in the graph camm

when the replay button in the Control window is pressed.

Equal scales force a mono-metric scale.

Points switch the graph between points and lines.

The Limits box is useful for displaying specific parts of a graph.

To change the position of the origin (the intersection of the vertical and horizontal axes) in the

window, double-click on the graph. Double-clicking causes the

origin to move to the mouse position.

Vertical

Horizontal
t
Adjust
Options...

B [|R] [

jj'i

200 f

24.00

1800

100 200 300 400 500

A Graph 1
Casex @M @ B

Vertical

To magnify a region of the graph, you can "zoom in" the region of

interest. Press the left mouse button while dragging over the region

you want to see more closely. When the bounding box that appears
encloses the region you want to magnify, release the mouse button.
To return the focus to the view you had before you zoomed in, click
the Adjust button (when you use the zoom feature, Modellus turns

off automatic scaling).

To copy the entire contents of the Graph window as an image
and paste it into another application, choose Copy Window from
the Edit menu or click the copy button at the top right of the
Graph window. The graph is pasted with the names of the

variables near the axes.
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INTERM

1 Table window

To view the model as a table, choose New Table from the Window menu.

You can open up to three Table windows per model.

Notice that Modellus gives you helpful information at the bottom of the window. To select several
variables at once, hold down the Control key while you're selecting. In the following illustration,

a column of values appears for each variable selected.

[&1 Table 1
Cazes (x| @ (=

010
0.20
0.30
0.40
050
060
0.70
030
0.a0
1.00
1.0
1.20

x
A
w

oo I

E
Fl
I_I_mm

545

388 -
[

Copy windowy contents to the clipboard.

Click the Case buttons at the top left of the Table window to view the data sets you specified for

various parameters. You can view one case at a time.

To copy data from a Table window and paste it into an application (spreadsheet , word processor,
etc.), choose Copy from the Edit menu or click the copy button at the top right of the Table
window. The data appears in columnar format, with the variable name at the top.
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Animation window structure

To create an animation, choose New Animation from the Window menu. Notice that as you
move the mouse over tools and buttons, Modellus gives you helpful tips at the bottom of the

window.

You can open up to three Animation windows per model.

2 Animation 1
Cases: [1] [ (=

=

]

Sl

2P

3] =] [&][R][=]

Tools to create

BROREkE

| animated
objects
%=T
text

Tools to make measurements

Grid on/off

Background
button

The left buttons are used to create objects in the animation, controlled by the variables.

The top central buttons are tools for making measurements from still images (GIF or BMP) or
video (AVI), which can be placed in the background, using the background button.

A grid can be switched on and off using the grid button. Clicking the background button, you can
define the grid spacing and colour, as well as the background colour.
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INTERM o - - .
Animation window grid and
1 background
A grid is very helpful for Background ]
positioning objects Attributes
precisely. To define the grid, @ Colour [ 7] Spacing: [10_] pixels
click the Background button " Stars
to open the Background  Image{Video | | Browse... |
dialog box (where you define
the grid). OK I Cancel |
Choose a colour for the grid
. . |Ei] Animation 1 []
lines from the Grid (colour) Coses. B B Bl
pop-up menu. & | u T
ES s
Specify the spacing between é FH
grid lines by typing a value in % e
the Spacing text box. [1=2]
At nin =I5
You can switch the grid on and
off by clicking the Grid button B
at the top of the Animation -

.
=
@
£
5
o
b=
3

window.

&3] Animation 1 [x]

==l El=1

momert
hefore

2 el

To specify the background for the animation
click the Background button.

In the dialog box that appears, select one type
of background: Colour, Image/Video, or Stars.

EHEHROODRGEE

To specify a colour, choose from the Colour pop-
up menu.

To specify an image (BMP or GIF files), or a =
video (AVI file), type or browse for the name of

the image file to use.

Modellus imports the image by reference. Any change to the pathname you specified when the
image was imported will break the link to the referenced file.

Note: If you want to use an image or a starfield as background, choose these after you've finished

with the grid. When the grid is on, Modellus turns off stars and image backgrounds and defaults to
a colour background.
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Adding, moving and editing objects
in the Animation window

Use the toolbar on the left side of the window to add objects to the animation. When you move
the mouse over a tool button, a tip about that tool is displayed at the bottom of the window.

Modellus default is the Pointer/Edit tool t\,g , except when you click another tool in the toolbar.

To add an object, click a tool in the toolbar. Then click in the Animation window to position the
object where you want it to appear. When you move the mouse pointer into the window, the
pointer changes to +, together with a picture of the tool you're using. As soon as you release the
mouse button, Modellus defaults to the Pointer/Edit tool and displays a properties dialog box.

In the object dialog box, specify properties (such as variable assignment, colour, or type) for the
object you're adding.

When you click OK or Cancel, the object appears in the Animation window.

With the exception of text, the objects you add to an animation function as output devices by
default. (Output devices display values reported by the simulation.) You can use an object as an
input device by assigning to it a parameter that you can interactively alter during simulation.

To open an object’s properties dialog box, right-click an object.
To delete an object, click Delete at the bottom of the object’s properties dialog box.
To duplicate an object, drag it with the Ctrl key pressed (except for Geometrical Objects).

When the Pointer/Edit tool is active, you can reposition objects in the Animation window or
resize level indicators, analogue meters, and text using the left button.

Reposition pointer

Min = -10.00 M = 10.00

Resize pointer
a=5.00

|

hdin = -10.00 iz = 10.00
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1 ¢

Use this tool

Particle

Vector

Level Indicator

Analogue Meter

Plotter

Digital Meter

Image Importer

Text

Geometric Object

Modellus Manual version 2.5 (2002)

Types of animated objects in the
Animation window

To add
_¢_ Image, ball (particle), rectangle, or referential
|£ Vector with or without arrow, resultant, or
components

El Vertical or horizontal slider bar

i Gauge, clock, or protractor meters
_|4 Interactive plotter for drawing line or point plots
x'? Digital meter, with or without the name of a variable
Bitmap image (BMP or GIF format)
text Text with the colour, font, style, and size that you
specify
.@' Lines and shapes such as circles and polygons
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Scale factors in the Animation
window

When changes in the values that control an object’s position are very small, they may not show up
in the animation. To make small changes in values visible in the Animation window, modify the
scale factor. For example, to magnify the effect of a change by a factor of 20, specify a scale

factor of 0.05.

If the range in values is very large (for example, from 0 to 500), then enter a scale factor of 5 to

display the range.

Iﬂ]hnimatiun 1
Cazes: [

[

=

£

=1 P

B2][=] [B]R][=]

x=73.00

twyo different scales in the ¥-coordinate and
in the graph of x as a function of time.

I P"II b a

ko
[
=3

=

SH

*x=73.00 ,

t=7.30

x=F3.00

®=73.00

4

-

t=7.30

VERTICAL

~Attributes

¥ Name

¥ Value

¥ Axis

¥ Pencil

¥ Projection Lines

Scales " Points
[1 Pixel = [1 ||1 Pixel = [2 |‘ @ Line
Colour: -j
Thickness:
’TI Cancel | Delete |

HORIZONTAL

VERTICAL

Scales

(1 Pixel = [0.1 |1 Pixel = ‘

rAttributes
¥ Name
[+ ¥alue
¥ Axis
¥ Pencil
¥ Projection Lines

" Points
* Line

OK i§ Cancel |

Colour: -j
Thickness:

Delete |
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INT'E" Attaching objects and releasing

attached objects

To join two objects, just place one object on top of the other.
For example, to attach a vector (named “velocity”) to a ball (named
“greenball”), drag a Vector on top of the ball.

When you do this, you'll see the picture of a knot. Click the left : —T] 000
mouse button.

In the prompt box that appears, click Yes. The vector and ball are now attached.You can move
them around the window while they are joined.

You can attach the following objects to one another:
o particle (ball, rectangle, referential);

e vector;

digital meter;

. text;
. . HORIZONTAL VERTICAL :
e geometric object. Name: [velocity
:] [const) n - Attributes —————
1x || e ¥ Name
Note: When joining objects, it is useful to give v gi!“
v Axis
them meaningful names. Named objects are F Arrow
easier to edit and keep track of. I Tracking
Scales Track every steps
R | R e e
Origin " Comp ts
To release the vector from the ball in the {Va'- lxes] ]| var. [iaxes] ]| | @ Resuttant
preceding example, right-click the joined Colour: | [ ~|
objects_ Thickness: |3 j

(1] 4 I Cancel Delete | Release |

|II

When prompted to edit object: “greenball”, click
No. When prompted to edit object: “velocity”, click Yes.

The Vector properties dialog box appears. At the top of the dialog box, Modellus shows you the
name of the object the vector is attached to. In the Vector properties dialog box, click the Release
button, and then click OK. Modellus releases the attachment between the objects.

When you release one object from another, first identify the object from which the attachment was
initiated. For example, if you attached a vector to a ball, you must release the vector from the ball,

as described in the preceding steps.

Note: If the Release button is disabled in the object’s properties dialog box, then the attachment
was not initiated from that object.
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Copying animations

To copy the entire contents of the Animation window as an image and paste it into another
application, choose Copy Window from the Edit menu or click the Copy button at the top right of
the Animation window.

[Es[-Jer]] A] L]

mitnertum after

plaf+[] §

o
i
=3

momerdur
hefore

EHE

W Microsoft Word - Document2 \ [_[O0]
@Ei\e Edit View Insert Fomat  Toolz Table ‘Window  Help =1 |

] =2 = T e e R e e el Nl e W [ R = = S S K e A [

INolmaI j ITimesNewHoman j |1U d BIIIH'!EJ'HEE EI%' §E|EE|€§|£§|E|
Eﬁg"'z'ﬂ*'srsi';l
|
The results:

After pasting in Word:

momertum after

matmenturr
before

[Pae 1 Sec i T [[AUBE.  Ind Co43 | [FeC [MAK BT [E7E [WER 7
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I"T'E"E Interacting with objects in the

Animation window

While the simulation is running, you can affect the results by interacting with the variables
that control objects in the Animation window.

For example, you can create an

. . . . |:_1_'|Animaliun il
interactive level indicator for a T EEREE P
variable and use the level indicator &
during simulation to alter the %
variable. (& _J%mm

|

[=2]

i’ a=500

e

ﬁ Min = -10.00 Mz =10.00

text

=

With a single mouse click, you can change the value assigned to a Digital Meter. During an
animated simulation, simply grab the Digital Meter object, and then click the left mouse button.
Modellus pauses the simulation and opens the Value dialog box.

Type the new value in the text box.
Click OK = [l e <]

The simulation resumes play, using
the new value you entered.

1 gmoo @,

Value

NSO DEES

i
Z

]
_ cancet |

Cancel

il
o

[

[}
g
2
e
£
=
2
8
z
2
g
2
T
2
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o
£+
2
2
3
s
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Measurement tools in the Animation
2 window

Select a tool and then click with the left button to start measuring. Keep clicking with the left
button to proceed with the measurement. End the measurement by clicking with the right button.

After creating a measuring tool, you can adjust

the points of the tool with the left button. e e
HORIZONTAL VERTICAL
Scales
To edit or delete a measuring tool, use the (1 Pixel = |1 Pixel = |:||
right button. When a tool is edited, its scale and Colours——————————————
colour can be changed. Text: -]

¥ ¥alue Text background: -j

Cancel | Delete |

|'l' ’_-: Measures coordinates (x, y).

::3_.- Measures distance.

d-?'p Measures distance over path.

H-;a Measures area.

d_ﬁ' Measures slope.

{ Measures angles. Edit to toggle between degrees and
radians.
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Computing derivatives

To compute a first-order derivative or a partial derivative of a known function, the function must
precede the derivative. Derivatives are computed symbolically.

In the following example:

I
.\I.__-}::

"u=dx/dt" is not parsed as a derivative and yields two new variables, "dx" and "dt."

The correct syntax is

To compute a derivative or a partial derivative of expression y with respect to variable x, the
variable x must be explicitly stated in expression y. In the following example:

_
y=ixa
V=X
o
1-
!
1
E=_
A
L

"z=dy/dx" is treated as a derivative and yields z, which equals 1. However, "z=dy/da" will not
parsed as a derivative and yields two new variables, "dy" and "da."
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Differential equations

Write differential equations as instantaneous rates of change equal to some expression, variable,

or parameter. For example:

To use higher-order differential equations, you must specify each rate of change on a separate line.

For example:

Modellus solves differential equations using Runge-Kutta fourth-order method with a default
step of 0.1, which results in exact solutions for many equations. If necessary (for example with
high-frequency or "stiff" systems), reduce the time step in the Options... button of the Control

window.
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Iterative models

The following is a valid iterative model:

[ | B e = = ey

M =lagt¥ 1

Model interpreted!

To insert the "last" operator click or use the key " " ".

After entering the iterative model, you need to assign values to parameters and to the initial
values of variables that iterate. In this case, you need to assign an initial value for n, in the Initial
Conditions window.

It is convenient to check the box "Iterative Model" in the "Options..." button of the Control
Window, in particular if you want to use t as an iterated variable on the model.

An iterative model is computed sequentially.

The following is an iterative model that illustrates Euler method for an oscillator:

Control
=l 1000000000
0

(o )L e ) ] v

v =lastyx + (05 ) = at

10

Ll [un]s]

| Options... I

X =lastX +last VX *df

[=last? +dt
. Euler method Lafenetcs
r it
Cazes: [1&]
sep | I
wx 000000000 010000000 oooooooon | Imitial values
x -0,00500000 010000000 010000000
t -0.01000000 0.09950000 020000000
Tl{dt -0.01487500 0,09850000 0,30000000
-0.01930000 0.09700250 040000000
002475012 0.09501250 050000000
-0.02950075 009253749 060000000
003412762 008956741 0.70000000
003860659 008617465 020000000
004291573 005231395 0.90000000

-0.04703143
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Pre-defined functions

Function Example
Square root sqrt(2)
Sine sin(w*t)
Co-sine cos(w*t)
Tangent tan(5)
Secant sec(2)
Co-secant cosec(a)
Co-tangent cotan(a)
Arc sine arcsin(0.5)
Arc co-sine arccos(0.5)

Arc tangent

Natural logarithm In(5)
Decimal logarithm log(10)
Hyperbolic sine sinh(t)
2
Hyperbolic co-sine cosh(t)
+
2
Hyperbolic tangent tanh(t)
+
Random number rnd(10)
Generates a random number between 0 and 10.
Integer random number irnd(10)
Generates a random integer from 1 to 10.
Absolute value abs(-5)
Smallest integer int(5.3).
The result is 5.
Rounding round(a)
Factorial fact(5)
Sign sign(a)

arctan(0.5)

If a < 0, then sign(a) = - 1
If a > 0, then sign(a) = 1
If a = 0, then sign(a) = 0.
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Example

if(t<10) then (a=0.5)

if(t>10) then (a=0.5)

if(t<>10) then (a=0.2)

if(t==1) then (a=0.5)

if(t>=1) then (a=0.2)

if(t<=1) then (a=0.2)

if((t>1) and (r<5)) then (a=0.2)

if((t>1) or (r<5)) then (a=0.2)

Conditions

Description

If the variable t is less than 10, then the variable a is 0.5. If
there is no other control statement, the variable a will always
be 0.5.

If the variable t is greater than 10, then the variable a is 0.5.

If the variable t is different from 10, then the variable a
is 0.2.

When tis 1, ais 0.5.

If the variable t is greater than or equal to 1, then the
variable a is 0.2.

If the variable t is less than or equal to 1, then the variable a
is 0.2. If there is no other control statement, the variable a
will always be 0.2.

If the variable t is greater than 1 and the variable r is less
than 5, then the variable a is 0.2.

If the variable t is greater than 1 or the variable r is less than
5, then the variable a is 0.2.

If the variable switch is equal

’ 1
if(switch==0) then (lambda=wavelength * 1—2 ) and (b=5) to 0 then /lambda is equal to ...

and b is 5.

if(switch==1) then (lambda=wavelength) and (b=10) If the variable switch is equal

if(y<0) then (a=stop(t))

if(t==>5) then (a=pause(t))

if(t==5) then (a=pause2(10))

to 1 then lambda is equal to
wavelength and b is 10.

Stops the execution of the model when y<0 and the current
value of t is assigned to a.

Pauses the execution of the model when t=5 and the current
value of t is assigned to a. To continue the execution, press
the pause button in the Control Window.

Pauses the execution of the model when t=5 and the value

10 is assigned to a. The model is suspended for 10 time units
(approximately 10 tenths of a second).
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To specify

The variable that controls the particle’s
horizontal movement

The variable that controls the particle’s
vertical movement

The scale of the particle’s horizontal or
vertical movement on the screen

The variable that controls the horizontal
position of the origin of the particle’s axis

The variable that controls the vertical
position of the origin of the particle’s axis

Type of object to add (image or object)

Do this

Particle object properties I

Select it in the Horizontal list box.

Select it in the Vertical list box.

Type a value in the appropriate Scale text box.

Click the Origin checkbox.
Under Origin, select the appropriate variable in
the Horizontal list box.

Click the Origin checkbox.
Under Origin, select the appropriate variable in

the Vertical list box.

If image, click Image and then type or browse for

the name of the file to import. (Modellus uses BMP
and GIF formats.)

If object, click Object and then choose the object
type from the pop-up menu. Then choose a colour
for the particle from the Object (colour) pop-up

menu.
HORIZONTAL VERTICAL Name:
t ~Attributes
X ¥ Name
v ¥ ¥alue
¥ Axis
o [~ Trajectory
1Pixel=[1___ ||1Pixel=[1_____ || |[ Tracking
Track every steps
- Origin
var. [[axes] Bl | var. [iaxes] B
Axis [0 || axis|o |
r Type
" lmage | | Browse... |
@ Object |Particle ==
0K I Cancel | Delete | Helease |
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Particle object properties 11

To specify Do this

Particle object’'s name To change the default name Modellus assigns
to the particle, type a new name in the Name
text box.

Giving objects meaningful names is particularly
useful when joining objects.

Name labels Toggle the Name attribute checkbox to show or
hide labels, such as the names of variables.

Value labels Toggle the Value attribute checkbox to show or
hide labels, such as the values on the axes of a
ball’s referential.

Axis Toggle the Axis attribute checkbox to show or
hide the object’s axes.

Trajectory Toggle the Trajectory attribute checkbox to
show or hide the object’s trajectory.

Tracking, which causes Modellus to display Click the Tracking checkbox.
a trail of image frames at the interval you Type the number of steps in the text box.
specify Tracking is associated with the time step

specified in the Control Options dialog box
Each image frame in the track is equivalent to
a time step. For example, if the time

; ;
S step is set at 0.1 and you specify
dibioriaiolie kil Name: tracking at every 10 steps, then
g : ’

o rAttributes ——————— Modellus will show one image per
X ¥ Name
v second.
¥ ¥alue
¥ fxis
o ™ Trajectory
1 Pixel :|:| 1 Pixel = I:I [~ Tracking
Track every steps
- Origin
Var. |[Axes] j| Var. |[AXP-5] j|
r Type
" lmage | | Browse... |
* Object |Partic|e j| |:]j|
0K I Cancel | Delete | Helease |
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To specify

The variable that controls the magnitude of
the vector’s horizontal component

The variable that controls the magnitude of
the vector’s vertical component

The scale of the vector’s horizontal and
vertical components

The variable that controls the horizontal
position of the origin of the vector’s axis

The variable that controls the vertical position

of the origin of the vector’s axis

Colour

Thickness of the vector

Vector’'s name

version 2.5 (2002)

Vector properties 1

Do this

Select it in the Horizontal list box.

Select it in the Vertical list box.

Type a value in the appropriate Scale text box.

Under Origin, select the appropriate variable in
the Horizontal list box.

Under Origin, select the appropriate variable in
the Vertical list box.

Choose a colour for the vector from the Colour
pop-up menu.

Choose a thickness from the Thickness pop-up
menu.

To change the default name Modellus assigns to

the vector, type a new name in the Name text

box.

Giving vectors meaningful names is particularly
useful when joining objects.

HORIZONTAL VERTICAL Name:
N ~Attributes ——————
x ¥ Name
v ¥ ¥alue
¥ Axis
¥ Arrow
[~ Tracking
rScales Track every steps
1 Pixel = 1 Pixel =
] I
r Origin " Components
Var. [[axes] 7| var. [[Axes] ]| | & Resultant

Colour: -j
Thickness: |1 j
0K I Cancel Delete | Helease |
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Vector properties 11

To specify Do this

Name labels Toggle the Name attribute checkbox to show or
hide labels, such as the names of the vector’s
components.

Value labels Toggle the Value attribute checkbox to show or

hide labels, such as the values of variables that
control the vector.

Axis Toggle the Axis attribute checkbox to show or
hide the vector’s axes.

Vector with an arrow Select the Arrow attribute.

Tracking, which causes Modellus to display a Click the Tracking checkbox.

trail of image frames at the interval you Type the number of steps in the text box.
specify Tracking is associated with the time step

specified in the Control Options dialog box. Each
image frame in the track is equivalent to a time
step. For example, if the time step is set at 0.1
and you specify tracking at every 10 steps, then
Modellus will show one image per second.

Representation of vector Select Components to represent the vector as its
components.
HORIZONTAL VERTICAL Name:
1 —Attributes —————————
% ¥ Name
v ¥ ¥Yalue
¥ Axis
¥ Arrow
[~ Tracking
rScales Track every steps
1 Pixel = 1 Pixel =
] I | v
r Origin " Components
Var. [[axes] 7| var. [[Axes] ]| | & Resultant
Colour: -j
Thickness: |1 j
0K I Cancel Delete | Helease |
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Level indicator properties

H

To specify Do this

The variable that controls movement in the Select it in the Variable list box.
level indicator

Colours for the level indicator when full and Choose a colour from the appropriate pop-up
when empty menu.

Orientation Select Vertical or Horizontal.

Name labels Toggle the Name checkbox to show or hide the

names of variables and the Min and Max labels.

Value labels Toggle the Value checkbox to show or hide the
values assigned to variables and the Min and
Max labels.

Values that limit the range of movement from Enter a value in the appropriate Limits text box.

one end to the other (The defaults are 0 for Minimum and 1 for
Maximum.)

A value within the limits specified that Enter a value in the Step text box.

determines the level indicator’s increment For example, to increment values by 1, specify 1

as the Step value. To increment by 2, specify 2.
To report intermediate values, specify 0.

Variable ~ Orientation
_ & Yertical
W " Horizontal
rColours
Full: | ~ |

¥ Name [ Value Empty:
rLimits ———

Min: 0]

Max: l:l

Step: l:l

Cancel Delete
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To specify

The variable that controls the
pointer’'s movement in the meter

Colours for the pointer and the
background

Minimum and maximum limits for
amplitude

A value that regulates the
pointer’s movement within the
limits specified

Name labels

Value labels

Meter type

Analog meter properties

Do this

Select it in the Variable list box.

Choose a colour from the appropriate pop-up menu.

Type a value in the appropriate text box.

The defaults for Gauge are 0 and 1; the defaults for
Clock are 0 and 60.

The defaults for Protractor are 0 and 360, if angles
are measured in degrees, or 0 and 6.28, if angles are
measured in radians.

Enter a value in the Step text box.

For example, to increment values by 1, specify 1 as
the Step value. To increment by 2, specify 2. To report
intermediate values, specify 0.

Toggle the Name checkbox to show or hide the names
of variables and the Min and Max labels.

Toggle the Value checkbox to show or hide the values
assigned to variables and the Min and Max labels.

Select Gauge, Clock, or Protractor.

Variable ~Type
M - Gauge
®

v " Clock

¢ Protractor

~Colours
Pointer: -j
¥ Name [ Value Background: -j
rLimits
Min:

Max:

Il

Step:

0K I Cancel Delete
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Plotter properties

To specify Do this

The variable that controls the Select it in the Horizontal list box.
plotter’s horizontal movement

The variable that controls the Select it in the Vertical list box.
plotter’s vertical movement

Horizontal or vertical scale Type a value in the appropriate Scale text box.

Colour for points or line Choose a colour from the Colour pop-up menu.

Thickness of points or line Choose a thickness from the Thickness pop-up menu.

Name labels Toggle the Name attribute checkbox to show or hide the names
of variables.

Value labels Toggle the Value attribute checkbox to show or hide the values

assigned to variables.

Axis Toggle the Axis attribute checkbox to show or hide the plotter’s
axes.

Pencil Toggle the Pencil attribute checkbox to show or hide the pencil.

Projection lines Toggle the Projection Lines attribute checkbox to show or hide

projection lines.

Points Select Points to draw points instead of a line.
Line Select Line
to draw a HORIZONTAL VERTICAL - Attributes
line instead  ° ’ ¥ Name
of points v M Value
g . v Axis
¥ Pencil

¥ Projection Lines

~Scales i~ Points
Colour; -j

Thickness: |1 j

0K I Cancel | Delete |
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Digital meter properties

%=7

To specify Do this

The variable value you want to display Select the variable in the Variable list box.

The variables that control the location of the Select the appropriate variables in the Origin list
digital meter’s origin boxes.

The scale of the digital meter’s vertical or Type a value in the appropriate Scale text box.
horizontal movement on the screen The scaling factor should match the scaling

specified for the variable that controls the
origin’s location.

Colour for text (alphanumeric) Choose a colour from the Colour pop-up menu.
Font for text (alphanumeric) Click the Font button to open the Font dialog
box, where you specify the font, style, and size

for the text.

Name labels Toggle the Name checkbox to show or hide the
names of variables.

Yariable HORIZONTAL VERTICAL

t Origin

X

v var. |jaxes] x| var.[laxes] =]
-Scales

1 Pixel = |:| 1 Pixel =

¥ Name  Colour: | | Font.. |

Cancel | Delete | Release
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2

Properties affected by variation

Image importer properties 1

The Variation property you select affects some, but not all of the other properties you can specify.
The three tables that follow list the properties that Variation does affect.
Position Variation, which is the default selection, affects the image’s movement in the Animation

window; the image’s size remains static.

To specify

The variable that controls the image’s
horizontal movement

The variable that controls the image’s vertical
movement

The scale of the image’s horizontal or vertical
movement on the screen

The variable that controls the horizontal
position of the origin of the image’s axis

The variable that controls the vertical position
of the origin of the image’s axis

Do this

Select it in the Horizontal list box.

Select it in the Vertical list box.

Type a value in the appropriate Scale text box.

Under Origin, select the appropriate variable in

the Horizontal list box.

Under Origin, select the appropriate variable in
the Vertical list box.

Image Importer
HORIZONTAL YERTICAL Name: |Object no. 47
t r Attributes
x [ Name
v
¥ ¥Yalue
Scales ~Ch
1 Pixel = 1 Pixel = 1 =
i I 1| | &posion
~Origin " Size from lower left
Var. |[AXES] j| Var. |[Axes] j| " Size from center
rImage from file:
| | Browse... |
OK I Cancel | Delete |
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Image importer properties II

Size from Lower Left Variation affects how Modellus scales the image’s size in the Animation
window. In this case, the image grows outward from the lower-left corner of its bounding box.

To specify

The variable that controls the image’s
horizontal size

The variable that controls the image’s vertical
size

The variable that controls the horizontal
position of the origin of the image’s axis

The variable that controls the vertical position
of the origin of the image’s axis

Do this

Select it in the Horizontal list box.

Select it in the Vertical list box.

Under Origin, select the appropriate variable in

the Horizontal list box.

Under Origin, select the appropriate variable in
the Vertical list box.

=]

Image Importer
HORIZONTAL VERTICAL Name: |Object no. 47
t rAttributes
x [ Name
W
v ¥Yalue
Scales ~Change
1 Pixel = 1 Pixel =
] 1] | & position
~Origin " Size from lower left

Var. | [Axes] j|

Var. | [Axes] j|

" Size from center

rImage from file:

| Browse...

[ o 1]

Cancel | Delete

80




Modellus Manual version 2.5 (2002)

Image importer properties 111

Size from Centre Variation also affects how Modellus scales the image’s size in the Animation
window. In this case, the image grows outward from its centre.

To specify Do this

The variable that controls the image’s Select it in the Horizontal list box.
horizontal size

The variable that controls the image’s vertical Select it in the Vertical list box.
size
The variable that controls the horizontal Under Origin, select the appropriate variable
position of the origin of the image’s axis in the Horizontal list box.
The variable that controls the vertical position Under Origin, select the appropriate variable
of the origin of the image’s axis in the Vertical list box.
Image Importer B
HORIZONTAL VERTICAL Name:
: t rAttributes
x [ Name
L
v ¥Yalue
~Scales ~Change
1 Pixel = 1 Pixel =
el=[l ]| 1Pxel=[l__ ]| | Cp cion
r~Origin  Size from lower left
Var. |[AXES] j| Var. |[Ax'35] j| " Size from center
rImage from file:
| | Browse... |

OK I Cancel | Delete |
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Image importer properties IV

2

Properties not affected by variation

To specify Do this
Image Type or browse for the name of the image file to
import.

Modellus imports the image by reference. Any
change to the pathname you specified when the
image was imported will break the link to the
referenced file.

Image’s name If you want to change the default name Modellus
assigns to the image, type a new, meaningful
name in the Name text box.

Name labels Toggle the Name attribute checkbox to show or
hide labels, such as the names of variables.

Value labels Toggle the Value attribute checkbox to show or
hide labels, such as the values of variables.

Image Importer H
HORIZONTAL VERTICAL Name: |Object no. 47
F t - Attributes
x " Name
v
™ ¥alue
~Scales ~Ch
1 Pixel = 1 Pixel = [1 -
] I 1| | &positon
~Origin " Size from lower left
Var. |[AXBS] j| Var. |[AXBS] j| " Size from center
rImage from file:
| | Browse... |

OK I Cancel | Delete |
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To specify

The variable that controls the horizontal
location of the text’s origin

The variable that controls the vertical location
of the text’s origin

The scale of the text’s vertical or horizontal
movement on the screen

Text properties

Do this

Under Origin, select the appropriate variable in
the Horizontal list box.

Under Origin, select the appropriate variable in
the Vertical list box.

Type a value in the appropriate Scale text box.

Text =]
Text:
Font... |
Colour: |l ~|
HORIZONTAL YERTICAL
~ Origin
Var. |[Axes] jl Var. |[Axes] j|
-Scales
TPixel=[1___ || 1Pixel=[1_____ |
0K I Cancel | Delete | Release
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Geometric object properties 1

B,

In the Geometric Object properties box, follow these general steps.

Specify the object to add by clicking the appropriate Type.

o If you're adding points choose the number of points from the pop-up menu and define
their location in the Points Definition dialog box that appears, and then click OK

¢ If you're adding a circle, define its centre and another point in the Circle dialog box
that appears, and then click OK.

e If you're adding segments, define their points in the Points Definition dialog box that
appears, and then click OK.

e If you're adding a polygon, define its points in the Points Definition dialog box that
appears, and then click OK.

e If you're adding a line, define two points on that line in the Points Definition dialog
box that appears, and then click OK.

; No. of points: Name: |Object no. 50

& Palygon ¥V Name

« Gircle Colour: I:]j BiValue

 Line Thickness: |1 j  Points

V Axis

HORIZONTAL VERTICAL .
_gcales [~ Filled

1Pixel=l_ || 1Pxel=[1_ ] | ITrajectory
~Origin [~ Tracking

var. |[axes] ]| var.[laxes1 <] Track every [10 | steps

0K I Cancel | Delete |
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To specify

Object type

Number of points

Colour

Thickness of the line segments that "draw"
the shape

The scale of the object’s horizontal or vertical
movement on the screen

The variable that controls the horizontal
position of the origin of the object’s axis
The variable that controls the vertical position

of the origin of the object’s axis

Object’'s name

Geometric object properties 11

Do this

Select Points, Segments, Polygon, Circle, or Line.

Choose a number from the pop-up menu.

Choose from the Colour pop-up menu.

Choose from the Thickness pop-up menu.

Type a value in the appropriate Scale text box.

Under Origin, select the appropriate variable in
the Horizontal list box.

Under Origin, select the appropriate variable in
the Vertical list box.

If you want to change the default name Modellus
assigns to the object, type a new name in the
Name text box.

Giving objects meaningful names is particularly
useful when you decide to join objects.

- Type
P No. of points: Name: |Object no. 50
C Sogments -
& Polygon ¥V Name
 Gircle Colour: [::]j Bialue
 Line Thickness: |1 j ¥ Points
v Axis
HORIZONTAL VERTICAL .
_gecales [ Filled
1Pixel=l_ || 1Pixet=[1_ ] | I Trajectory
~ Origin [~ Tracking
var. |Iaxes] || var.[iaxest 7] Track every [10 | steps
0K I Cancel | Delete |
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To specify

Name label

Value labels

Axis

Fill for polygon or circle

Trajectory

Tracking, which causes Modellus to display a
trail of image frames at the interval you
specify

Geometric object properties 111

Do this

Toggle the Name attribute checkbox to show or
hide the names of variables.

Toggle the Value attribute checkbox to show or
hide the values of variables.

Toggle the Axis attribute checkbox to show or
hide the object’s axes.

Select the Filled attribute. Filled is an option for
polygons and circles. However, when you add
points, segments, and lines, Filled is selected by
default.

Toggle the Trajectory attribute checkbox to show
or hide the object’s trajectory.

Click the Tracking checkbox.

Type the number of steps in the text box.
Tracking is associated with the time step
specified in the Control Options dialog box. Each
image frame in the track is equivalent to a time
step. For example, if the time step is set at 0.1
and you specify tracking at every 10 steps, then
Modellus will show one image per second.

~ Type
P No. of points: Name: |Object no. b0
Placement...
 Segments tibutes
@ Polygon ¥ Name
€ Gircle Colour: [::]j ivalie
" Line Thickness: |1 j [ Points
¥ Axis
HORIZONTAL VERTICAL i
_gcales ™ Filled
1Pixel=[1_ || 1Pixel=[1_ || | I Trajectory
~Origin ™ Tracking
var. |laxes] || var.[laxes) 7] Track every [10 ] steps
0K I Cancel | Delete |
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A SAMPLE OF THE
SAMPLE FILES
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Computing acceleration

File:
c:\Program files\modellus 2.5\tutorial\O5 making a model from data.mdl

t=5.00000
a

5

[ A]lL]

< this s the slope tool (top buttops)

[ e | | ¥]
m y[i[w]n]6 Options...

kil
@

ko ) i
Eo
£ ! |
= \

3

b |57 00000

x0 = 0.39643 This car has a vector (v} on t. Create a vector,
= place it over the image, and link it to the image. See.
PR - the properties o this vector and of the image with
11 =65%scc |G| 1072059 the right button
_ w

0=37x5 = Use the siope tool to measure slopes.

75 Edit the scales, to have a direct

€ measurement of the slope.

z t=5 00000

rotes | 2 1| 1 =1.40867 scale_p =0.01071

2
a The scales of the Modellus graphs' on scale_v =0.01093
' this animation are the same of the -
- backgréund graphs scale_t =0.02167

10 20 30 40 &0 B0 70
Time ()

x0=37xscale p
ax =0.20175
if [ 1< ¢]) then [x=2x0]

1 g
if(r>=¢]) then |x=x0+—=axx[r-2]]"

2

i['[:.‘2=='{_."]thEﬂ[l-‘.‘{=£11{x[l’—E_-'-]]
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Refraction

File:
c:\Program files\modellus 2.5\tutorial\09 analyzing a photo of a refraction.mdl

[l
o ] 1]

[E]Emlalz]  [DlE]

n=138

angle_[ =31.57 angle_r =22.32

y=82.00

ENEDIENE

x=-51.00

T
3

B

By=-92.51

[Try to move point [xy] on the rig
right? Why?

Measure angle.
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Waves

File:
c:\Program files\modellus 2.5\waves, transversal versus longitudinal.mdl

10 | | =

x0 =4 =sin[w xz)

size =30
10
V- =
delay
x0 W
fambda =——m—||;, .

1% Animation 1 ® ;IQIE[
e [ AL
3 % T =360 v =50.00 lzmbdz = 180.00 delay= 0.20
;|: f=028 delay = 0.20
[ E Win = 0.00 Max = 0.50
q E t=1650 o
- [=] s
= HTEEETTETMTEEE PTG ] ] songnudinat wave

®
i
-

E

g
Bt

M Transversal wave

2]

Hor2.07 Vert:18.46 Double click to set origin. Click and drag to zoom. ||

|
x0 =4 xsin|w=r)
size =30
10
=
delay
360= v
lambda =
w
360
T=_
w
1
-
if (1> delay ) then (x] = .4 xsinfw = (1 - delay)))
if (12 % delay ) then [ x2 = .4 xsinfw = [1-2% deiap ] )]
if (13 % delay ) then [ x3 = .4 xsinw = [1-3 % deiap ] )]
if (>4 delay ] then (x4 =4 xsin{w x (¢ -4x dolay)))
if (15 % delay ) then | x5 = .4 xsin{w = [1-3% deiap ] )]
if (126 delgy ] then [x6 =4 xsin{w x (¢ -6% deolay)))
i (127 delay ] then [x7 =4 xsin{w x (¢-7x delay)))
if (1§ % delay ) then [ x8 = .4 xsin{w = [1-8x deicp ] )]
and so on... if [ 129 delay ] then [x9 =4 xsin{w x (¢ -9x delay)))
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The relativistic Doppler shift

File:
c:\Program files\modellus 2.5\dopler.mdl

1% Modellus - C:\Modellus 2.5\dopler.mdl 3 _[& %]

Fle Edt Case Window Help

i

3 o/

[ [z A

t= 39.20

BHEHROCE0G)

ON
Relativistic
effect

OFF

Max = 10.00 Advancing Physics
Simon Carson

c0=0

P 2
length =J[ ( length - origink )+ ( lengthy - originy) ']

1

if [ switeh =0) then | Jambda = wavelength x

if ( switch =1) then | lambda = wavelensth)
ol = lambda =
if( ¢ = lambda) then (71 =c])
if (¢ == lambdn ) then (#] = c1 + [t - lambda))
c2=2x lambda * v
if( ¢ =2 % lambda) then (72 =c2)
if( ¢ 5=2 % lombda | then (72 = c2 + (¢ -2 % lambda))
c3 =3 x lambda =
if( 7 =3 % lambda ) then (73 =c3)
if( ¢ 5=3 % lombda )| then (73 =3 + (1 -3 % lambda))
cd =4 % lambda % v
if( ¢ =4 % lambdz ) then (74 = 4]
if [t ==4 % lambda) then [ 4 = cd + (1 -4 % Jambda) )
¢§ =5 lambda x v
if (1 <5 x lambda) then (75 = ¢3)

if [t ==3 % lambda) then [ 75 =5 + (-3 % lambda))
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Free fall

File:
c:\Program files\modellus 2.5\free fall (e poema para Galileu).mdlI

3 Modellus - C:\Modellus 2.5\free fall (e poema para Galileu).mdl -8 x|
Fle Edit Case Window Help

_|{Control =
(& EAEA E TP e
1 [{] e
7‘7 1=0.299958 [ [=In]e] options..
& T
s 2
™ Bz
POEMA PARA GALILEU #
|AntGnio Gededo (& y:,u.m;k y=-0.78288¢
Eu queria agradecer-te, G )
a inteligéncia das coisas E L~ g =[]
Eu, £
e quantos milhdes de hor L
a quem tu esclareceste, 14 QO
ia jurar - que disparate, G &
- e jurava de pés juntos e £
| sem a menor hesitagzo o
- aa- |

0.80

344
08
V=-—xi
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Functions

-

File:
c:\Program files\modellus 2.5\common functions in physics.mdl

15 Modelhss - C:\Modelhes 2.5\common functions in physics.mdl
File Edit Case Window Help

exponential-

1000

linear

v

oscilation=4.08
exponenti |==2 | T S o
deca —

1=10.00
if(r==0)¢ [parabola
oscillatior

damping
damping=0.03
1 & decay-034 e _ T e oo
(ETERRNENS |0 1000
[ S arabola=1030.00 = .
il A collection of
Y e : relevant
ase ; mathematical
: functions in science
: and engineerin:
t=10.00 g g
Horizontal
t

=181 x|

Adjus
Options_ | 3
[=A]
ftnear=a+ b =1

if [ £ =0) then | srverse =—

if[ t==0] then [_-‘:?1.'5"‘-'_'_' =-]
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SAMPLE F

7 1s orbital

File:
c:\Program files\modellus 2.5\orbital 1s with random points.mdlI

% Modellus - C:\Modellus 2.5\orbital 1s with random points.mdl
File Edit Case Window Help

" " -
R 3 e e interpret ] [ | [Bs] []

~=lalx|

if {7 ==0) then { =¥nd 250] ] and st:zx"’[_lj]xg “ “"d[P=i'“[4x-'X"EXR.F;?XIUEHlnd[RP.fs=4x.'x
“[ i3l °:: Animation 1
if{n= s ‘fé‘||’r'7/”3’f||”-3”4ﬂ||.i|
£
e ™,
E 1= orbital Rp1s=0.0 ;f \<
) R =103.14
= ST
=]
=
&)

a

if (72 ==0] then [» =rnd{230) ) and | RIs=2x 2 (-15) e and [p=im[4>< x X ='2><F.'_-"52X102]] and [Rp.-"s =47 ='2XR_-"32]
if (< p) then [ =7+1) and [ ang =rnd[360)) and [x = » <cos [ ang]) and [1 = » <sin ang )]

if [ #==p] then [ 2=0]
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SAMPLE F

Wind and relative velocity

File:
c:\Program files\modellus 2.5\wind, a problem of relative velocity from Tipler.mdl

todellus - C:\Modellus 2.5\wind, a problem of relative velocity fro Tipler.mdl
Fle Edt Case Window Help

v_wind xsin{ angle_wind)
angle_planz_N =aresin

v_plane

[Ex][ 2l ] 2. ]

y_plane=1461.10

y_plane=1451.10

angle_plane_i\ = |40
f %_plane=-33g 4
%_plane=-338.41

#_ground = 300.08

airplane moving, airplane not meving airplans moving
without wind fioating in the ... with wind
with wind

h relati

ere s @ wind blowing at 80 knvh in
rth). (a) In what dire uld the plane
=4 of the plane rela the ground?

it direction (that is, at 4
o fly north? (b) What
orth by 13.1°. (b) 300

Solution: v

v_wind xsin{ angle_wind)

angle plane N =arcsin
v_piane

vx_wind = v_wind % cus | angle_wind |

vy wind = v_wind ®sin| angle_wind)
vx_plane = -v_plane =sin| angle_plane N)
vy _plane = v_plane ¥cos | angle_plane N)
V_plane = vy_plane x t

X_plane = vx_plane ¥ t

x_wind =vx_wind x 1

V. wind =1vy_wind % t

v_plane ground =v_plane =cos| angle_plane N)+v_wind %eos(45)
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SAMPLE FILE

9 Boat in a river

File:
c:\Program files\modellus 2.5\tutorial\14 boat crossing a river with differential equations.mdl

s Modellus - C:\Modellus 2.5\tutorial\14 boat crossing a river with differential equations.mdl

Animation 1

vx_boat + vx_river

=1_boat +1vy_river

gls B &

vx = wx_boat + wx_river

v =1_boat +v_river

ax_river
=vx_river
dt
dy_river
=y_river
dt
vy_boat
if (1 boar =0) then | anzle =atan
vx_boar
vy_boar
if (v Boar <0) then | anzle =atan -180
vx_boat

Ax =-10xsin| angie)
Av=10xcos| angle)

Bx = Ax +20 % cos[ angle)
By = 4y +20%sin| agle )
Cx=By+Byx2
Cy=-Bx +Byx2

Ex =10 xsin( angle
Ey=-105cos [ angle)
D= Ex +20%cos | angle)

Dy = Ey+20xsin( angie)
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SAMPLE F

File:

Oscillation

c:\Program files\modellus 2.5\tutorial\10 an oscillation from data.mdl|

=181 x|

t= 350000

(|)Z| 35
e | ]
DEDOO

JSI=TE
122 2 22 2 ] |

| 3 | | [
s
333
0.9
scale_p=—
107
60

scale_p =0.00457

scale_t = 0.01036

282
7 e ol |mmyT N mmmm, T N
: g S | B
=2
st =119% scaie_p H phased = 36.86990
H 4=0.13706
f‘sw T =1.46006
hace( =arcsin| —
Model interpreted! Pt o
0s 10 15 20 25 30 350000
[A mass oscillating on a spring. S
Finding the model of this oscillator.
=
I T
|
is
scale {=—
338
IRy
scale p=—
197
60
A=—xscale p
'
282
T=—mxscale t
)
xm=119% scale_p
18
phase( =aresin| —
30
360
x =4 #sin|— % 7 + phase( | + xm
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Decay

File:
c:\Program files\modellus 2.5\decay, capacitor data.mdl

=181 %]
o i =10l
” % Potential vs Ti -
+ otontia’ vs Time t= 92500000
=] s 3 125
7 — —
% DR E Optiones =
=
4 g 10
2
:g % o rosean %
= 0s- f = 0.007353
o=
fr20.001305 h = 0.351908
V.ﬂ 008952 "
0 4n 60 &0 i 120 2653000
Time (=) RC = 1£.000000
A

Model interpreted!

Fuy =

120

fh=—

341

Fo=1.412

RC'=IDDDXIU[‘_6]XISDDU
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Brownian motion

File:
c:\Program files\modellus 2.5\brownian motion.mdl

=181 x|

i3 Modellus - C:\Modellus 2.5\brownian motion.mdl
Fle Edit Case Window Help

|

30 2 o [
d =lased +! [[.\-usn) *[J'-lale)E]
T =lase +rnd(10) +rd(-10)
¥ =lasty +rnd(10) +rad(-10) EE—— |
_ [‘:hz] (o] [Re]
s Anii i i =[]
et At ClzezldL] O
2 =tased? || (2 -tasex
L
22 =lasex2 +rnd(10) +rnd ||
Bl
32 =lager? +rnd[10) + rnd ?
2 =[224027) =3 M
*E.? t=10.00 t=10.00
1= =370,
L [te=t r2=134é“_",
21.24 53346 2] 10,00 1=10.00
7435 53534
5453 53045
4593 54282
206z 55081
4593 56065
5665 51414
9726 52638
111.86  509.58 IR
4563 52456
43.18 52251
5760 51316 -

d=l“td+\{[[\""_|“1'\'}2+ [\J"last.?'}q]
¥ =last¥ Trnd{10]) +rnd(-10)

1 =lagt) +rnd[10] +rnd{-10)

) )
d2 =1ast d2 +\H[[\-‘f: ~last X2 ]—+ [J': -last ) ]—]
X2 =lagex? +rnd(10] +rnd(-10)

12 =lasey2 +rnd(10] +rnd[-10]
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Pendulum

File:
c:\Program files\modellus 2.5\oscillation from a video.mdl

=181 x|
Control |
0 | T T
84 0
A== [«
B [TwTs]
r=2 =
x|

360
v=_4xeos|— 1z +180
T

1
step=—
13

15 frames /s
step = 0.066667

_Model interpreted! x=42.000000

A = 42000000

T =2.000000
1=2.980670

Measure slope.

|

84
J;_[=_
2
r=2
360
x=4 Heos|— = +180
T
1
stap =—
15
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Chemical reaction

File:

c:\Program files\modellus 2.5\chemical reaction, cyclopropane propene.mdl

Fie Edit Case Window Help

Jrodet
] o]

Cyclopropane (C3H6) - > Propene (C3HE)

Cases: [
Vertical

t
C3H3
: 15062

100.00

10062

5.00E4

Horizontal
t =
Adjust
Options...

 S0E11.2561 1281

Intial values
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Regression line

File:
c:\Program files\modellus 2.5\tutorial\13 interactive regression line.mdlI

odellus - C:\Modellus 2.5\tutorial\ 13 interactive regression line.mdl
Edit Case Window Help

Sy =yl +12+33 34+ 3

: ol x |
= (= x|
et [ = | =] ] El=]

s

s

Run the model and then
move points. Look how it
affects the slope and the
intercept of the
regression line. =

:
SHENEDTEEE

Heasure siope.

]

sumx =xi +x2 +x3+x4+x5

2

sumy=yi+y2+y3+yd+y

sumxy =xI % yd +x2 % y2+x3 % y3+xd x4+ x5 x5

sumxg =

sumx
xmean =
N
sumy
ymean =
N
N % sumogy - sum % sumy
slope =

2
N X sunxg - sumx ™~
intercept = ymean - slope X xmean

N % sunmy - sumx % sumy

L/[_\'X sumNg - sum‘z] XL/[_\'X sumyg - sumj'z

xx30=70

ffiox30 = intercept + siope * xx50
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Two-body problem

File:
c:\Program files\modellus 2.5\2 body problem, interactive.mdl

Max = 10.00 Max =50.00___

w
Mn=100 ™10 Min = 1.00

5 -
2)7+ (y1-p2)”
md = ml
__—_.'_'=::x
3 iy}
'.<"1'
Filx=-Fl2=
v -2 - -
Filly=-Filx -
___' .'!
- - W=
___ V= F _"
bod) dt
X =— bt _'\I
dt
Fix
py=—— _— =7
dvix
dt
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Velocity is a vector

File:
c:\Program files\modellus 2.5\velocity.mdl

%8 Modellus - C:\Modellus 2.5 vt \VELOCITY.MDL

File Edt Case Wndow Hep

HModel B |
0 | | e =
ax
e
A 22 Animation 1 B ol x|
b eea CFlEEEs  CE
_| qvﬂ

Velocity is a VECTOR!

Run the model
and drag the
green ball...

[&]
E=
=]
(=]
=]
E
E
[E=T]
[in]
2]

Heasure angle.

Ax
VX =—
At
Ay
1.3'=_
At
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Building and exploring mathematical
models is a fundamental task in science.
Modellus offers students and teachers a
"minds-on," multilevel learning
experience in which they create, simulate,
and analyze models interactively on the
computer, either from experimental
data and images or from pure
theoretical thinking.

“A new scientific truth does not triumph by
convincing its opponents and making
them see the light, but rather because its
opponents eventually die, and a new
generation grows up that is familiar with
it."

Max Planck
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