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1 Introduction

The virtual world of Newton v3.0 provides a completely new
way of learning physicsithe exploration of kinematics and
dynamics on a computer in 3D. The virtual world of Newton
is ruled by the ssimulated laws of physics, alowing you to
build, manipulate and investigate your experiments
interactively, without the limitations of physical models.

When creating an experiment in Newton, you can select from
a wide range of real world or abstract objects, from the
simplest geometrical bodies (brick, sphere, etc.), complex
instruments (stands, slope, car, etc.), and constraints (many
types of joints and springs). You can adjust their physical
parameters (mass, eladticity, friction, etc.); assign to them
forces, torques or velocity; and make relationships subject to
congtraints. Y ou can add virtually any object to Newton using
a VRML editor; you may also export your experiments in
VRML format.

With the example files included, it's easy to get started. You
can ater them and simulate again, and you will see that it's
quite simple to create amazing demonstrations.

When running a simulation, the bodies start moving, guided
by the acting constraints; are rotated by torques; and collide
with each other asin a movie. Actually, you can set up one or
more [dameras[Jand capture their views of the experiment,
storing theminan AV file.

You can aso add descriptions to your examples, with
explanatory texts, images, and formulas. Using diagrams, it(s
easy to measure and eval uate the results of your experiments.
Several user-defined curves can be displayed on the same
diagram, so it's easy to compare the measured data with the
results derived from theoretical calculations. You may also
change the units of the physical quantities.

This quick start manual isonly a short excerpt of the detailed
documentation, which can be found on the CD.
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2.1

I nstallation

Installation Procedure

Minimum hardwar e and softwar e requirements

O

O oo o d

O

IBM PC AT/486DX or compatible (Pentium or
better recommended)

128 MB of RAM

A hard disk drive with at least 100 MB free space
CD-ROM

Mouse

24 bit true color, fast VGA graphics card with
OpenGL Support

Microsoft Windows 9x / ME / NT / 2000/ XP

Novell Netware version 3.12 or laeer or MS
Windows NT/ 2000/ XP Server or later for the
Network versions

If the program is copy protected by a hardware key, the
minimum hardware configuration includes also a parallel
printer or USB port.

Installation from CD-ROM

To begin the installation, simply insert the CD into your CD-
ROM drive. The Setup Program will start automatically if the
Auto-Run function of your CD-ROM has been enabled
(Windows-Default). If not, Select Start/Run and type:

D:SETUP (Enter) (where D represents your CD-ROM drive).
The setup program will start.



Welcome B

gl Welcome o the Mewton Setup progiam, This
program will install Hewton on voue computer.

It iz strangly recommended that you exit all \Windows programs
before rumning thiz S etup program.

Click Cancel to quit Setup and then clase any programs pou
have munning. Click Nest to continue wath the Setup program.

WwARNING: Thiz program is protected by copynght law and
intesnational tre aties.

Unauthonzed reproduction or distribution of this program, or any
portion of it may result in severe civil and criminal penakies, and
will be prozecuted o the masimum extent possible undes law.

Note: This software may come with copy
protection. For further details see the Copy
Protection and the Network Installation
sections.

Following the Installation Steps

NEWTONIS Setup Procedure follows the steps standard with
most Windows Programs. There are several screen pages
where you can enter or change important installation choices,
such as Type of Installation, Destination Directory, etc. To
continue ingtallation, click on the Next button. You can
always step back, using the Back button. If you do not want
to continue installation for any reason, click on the Cancel
button. If you elect to cancel installation, the program will ask
you if you realy want to exit. At this point you can either
resume or exit Setup.

Welcome and Softwar e License Agreement

To begin the Procedure, click on the Next button on the
Welcome Page. The first step is the Software License
Agreement.
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Note: By clicking on [Yes[lyou are agreeing
fully with DesignSoft[S Terms and Conditions
for using this software.

Entering User Infor mation

Thisdatais used to personalize your copy of the software. By
default, the installation program picks up the data entered
when you set up Windows. You accept these names as
defaults by clicking on Next or you can change them.

Depending on your program version you might also need to
enter a Serial Number located on your CD-ROM package or
on your Quick Start Manual.

Choose Destination L ocation

Here you can select an Installation Directory other than the
one suggested as a default. The default is the Windows
Standard Directory for Programs. To change the directory,
click on Browse and select a different drive and/or directory
from the Choose Folder Diaog.



Choosze Destination Location

Setup will inztall Mewton in the following folder.
To install to this folder, click Mext.

Ta install to a different folder, click Browse and select another
folder.

'ou can chooze not to install Mewton by clicking Cancel to exit
Setup.

Destination Folder
(E:\F'rogram FilezhDiezignS oftyH ewton Browse... |
< Back Cancel |

Note: If you are installing NEWTON for
Windows to a hard disk that already has an
earlier version of NEWTON, you must be sure
to use a new directory name for NEWTON for
Windows, such as the suggested directory,
C:\Program Files\DesignSoft\Newton, or the
working files you have already created will be
overwritten and lost. If uncertain, exit setup,
copy your NEWTON files safely to another
hard disk directory or to floppy disks, then
resume setup.

Completing the Setup

After al the selected files have been copied and the Start
Menu entries created, you are asked if you want to place a
Shortcut to the NEWTON program file on your Desktop. The
last page indicates a successful installation and invites you to
open and read a file with the latest information about
NEWTON. We urge you to take a moment and review that
file. Click on finish when youlre ready.



Setup Complete

Setup has finished instaling Mewton on your computer.

Setup can launch the Read Me file and Newton, Choose the
optionz pou want below.

Click Finish to complete Setup.

% Back

Note: You can read the latest information in
the file again at any time by selecting Read Me
from the Newton Start Menu Entries. You can
also get the latest information about changes
or new features by visiting our Web Site,
www.designsoftware.com.

2.2 Uninstalling NEWTON

You can uninstall NEWTON for Windows at any time. Note
that this will not delete files you have created.

1. To begin Uninstalation, choose Newton for
Windows from the Newton Start-Menu Entries.

2. In the Window that appears, double-click on
Uninstall Newton.

3. Click on Yesif you are positive you want to uninstall
Newton.



After al the files have been removed successfully, an OK
Button appears. Click on it and uninstallation is complete.

2.3 Network Installation

To install the Network version of NEWTON, you must log on
to your server machine as a user with administrative
privileges (Novell 3.x: supervisor, Novell 4.x: admin,
Windows NT: Administrator). Then execute the procedure for
the Hard Disk Installation on a disk volume that is accessible
from the network. Now carry out the following additional

steps:
Make all filesin the program and user directories sharable;

Novell 3.x:

FLAG*.* SSUB
Novell 4.x:

FLAG*.* +SH /S
Windows NT/2000/XP:

Depending on the setup of your system, you can give the
rights to a group (<groupname>) whose members will then
have the appropriate rights automatically.

Next make sure that the clients have a mapped drive set to the
network drive containing the NEWTON program folder.

To assign (map) adrive letter to a network computer or folder
do the following:

1. Open Windows Explorer

2. Onthe Tools menu, click Map Network Drive.

3. InDrive, select adriveletter eg. G:

4. InPath (Win9x/Me/ or Folder (NT/2000/XP), select
from the drop-down list or type in the network drive
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(server and share name) or folder name to which you
want to assign (map) a Drive letter. Note, that share
name refers to a shared folder on the server. On
Windows NT/2000/XP you can use Browse to find
the network computer, drive and folder.

Set the Reconnect at L ogon checkbox.
Press OK

Examples:

Drive: G:

Folder: \\servername\sharename

or

\\MyServer\Volumel
\\MyServer\Volumel\Public

After you have set everything up on the Network disk
according to the instructions above, you must run the setup
program on each Novell workstation where you want to run
NEWTON. Using the Run command, start NSETUP from the
Newton\NWSETUP directory. Note, do not double click on
the NSETUP icon, but use the Run command instead to start
the program.

When you run NSETUP, you must specify the working
directory (which should be located on a local drive of the
workstation). The working directory can be on the
network; however in this case the path of this directory
must be different on every workstation. After you've
specified the working directory, you may install the optional
measurement hardware for NEWTON. After running
NSETUP, you will be able to run NEWTON simultaneously
on any number of workstations, just as though each
workstation had a single user version.
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2.4 Copy Protection

Softwar e Protection

If your version of NEWTON is copy-protected by software,
select Authorize from the Help menu. Refer to the CD insert
or to the "Manua for Registration and License Control" for
more information.

Hardware protection

If you have a hardware-protected version, plug the dongle
(hardware protection key ) into the parallel (printer) or USB
port connector. If you have a printer, connect it through this
key. Should you forget to connect the dongle, an error
message will come up on the screen:

Har dware protection key is not present

Note: If you have a dongle-protected version
under NT/2000/XP you should install Newton
in Administrator mode and restart the computer
after installation.

11



3 Overview

In this chapter we present NEWTONIS screen format,
controls and menu structure.

3.1 Screen layout

The user interface of the program is divided into six main
parts:

3D Window
Description Window
Toolbars

Menus

Statusfield

Dialogs

Ded Ghreg o - {3
ssrsiexas il | L (G

L= (B35 Bamilpten Mo = o

[ el e W

On the left side of the initial screen you can see the 3D
Window, where you can edit or track the ongoing
experimentsin a 3D perspective view.
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Use the K;ZE{EE 2 Bt &&= control
buttons (Camera bar), to change your point of view. Rotate
the scene, zoom-in or zoom-out, and select special top or side
views. Even if a portion of the experiment is obscured from
one vantage point, you can adjust the camera and bring it into
view. You can aso rotate the scene by holding down the left
mouse button and moving the mouse, zoom in and out by
holding down the right mouse button, or shift the scene by
holding down both buttons and moving the mouse.

Using the El@‘ $ dJ:D:I&-O & control  buttons

(Scene bar) and the mouse, you can modify objects and their
positions in the 3D window. The first two icons choose
between the geometric and physical editing modes. Using the
geometric editing mode, objects can be moved freely without
regard for their logical and dynamic relationship to the other
objects. The Bodies can dlide into each other without
collision, and the constraint parameters can be atered using
the mouse.

Using the ) physical editing mode, the bodies collide and
dide against each other, remaining on their track
according to the constraints. The next three icons
give you control over vertical position, object
rotation, and zoom setting. The last two icons are
used to build various relations among the object, link

and anchor.

The right window (Description Window) presents
explanations, pictures, or diagrams. Diagrams can
display the curves of the experiment based on the
simulated or theoretical results. The Description
Window may also contain interactive elements,
including buttons, edit fields, radio boxes, check
boxes, or track bars. The Description Bar presents
icons that you can use when editing or creating the
Description Window.

5B ﬁm”“ﬂﬂ@—lﬁmO/;
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On the top of the application window you can see many
toolbars. One of the most important of them is the Object
Bar.

D

EBall

B 0 b A

| Cylnder | CCylinder | Henmbox | Trhedra

Brick

L:bmry

Octaeder

It contains the icons of the commonly used bodies, constraints
and auxiliary objects that you can use in your demonstrations.
The different types of objects are grouped on different tabs.
Click on an icon to pick up the selected object and place it
into the 3D window.

The — toolbar helps you in performing file
operations.

In some situations, pressing the right mouse button will bring
on-screen a context menu to give you quick access to
commonly used commands related to the selected graphical
object or to the panel you clicked on. You can find these by
right-clicking the objects in 3D Window or the graphical
objects of the Description Window.

One of the most important dialogs, which you can access by
right-clicking or double-clicking an object, is the Properties
Window, where you can set or modify the attributes of the
bodies and dynamic objects.

The tabs at the bottom-left corner of the main window also
have a context menu, where you can quickly switch among
the open demonstrations. In the bottom-right corner there is
the Time field. It displays the elapsed (virtual) time of the
running simulation.

3.2 Running demonstrations

Newton comes with many prepared example demonstrations.
14



Select the File/Open command to load them.

When you load an example, the 3D and Description Windows
will show the 3D experiment and the explanations (if any)
respectively.

You can rotate the point of view by clicking on a blank area
of the 3D Window, holding down the left mouse button, and
moving the object to the desired position. If you click with the
right mouse button, you can step back and forward. You can
dide up or down in the space by moving the mouse and
holding down both mouse buttons simultaneously.

Click on the ™ (Run) icon to start the simulation. The
simulated laws of physics will guide the bodies in their

motion. To stop the simulation, click on the[® (Stop) icon; it
appears in place of the Run button when an experiment is

running. Y ou can reset the scene by clicking on the [ jcon.

The smoothness and speed of the motion depend on your
computer speed and screen resolution. If a simulation requires
a lot of calculations, and your PCIS processor isnlfl fast
enough, the smulation will not move smoothly. In this case,

use the & (Playback) function. It plays the last simulated
demonstration smoothly and continuously from the PCIS
DRAM memory.

15



4  Getting started with examples

In this tutorial chapter, we will show you step-by-step how to
use the program and how to make convincing experiments
and demonstrations. We recommend that you take the time to
wal k through all the examples, not just read them.

The instructions for the first and second tutorials are detailed,
while the later examples build on the knowledge acquired
from these and are not presented as thoroughly.

4.1 Demonstrating free fall and making
diagrams

Our first example is very simple: you are to investigate the
movement of a ball constrained by the constant gravitational
field of the earth. You will learn how to set the basic
properties of the bodies and how to depict their movement via
diagrams. Later, the measured data will be compared with the
results derived from theoretical calculations. You can find
this pre-built example in the Freefall.ex example file.

Create a new experiment by clicking on the D (New) icon.
Thiswill call up empty 3D and Description Windows and the
screen shows only atabletop.

Herels how to modify the point of view in the 3D space: to
rotate the vantage point, click and hold the left mouse button
on an empty area of the 3D Window and move the mouse in
the selected direction. To step forward and back (zoom-in
and zoom-out), press and hold the right mouse button. To
dlide in any direction, press and hold both mouse buttons.
Note that you can do the same but in larger steps using the

Q¢ b e

toolbar controls.
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Perhaps yould like a special top or side view of the scenel
use the ™ % 1% toolbar buttons to select another view, or the
7 putton to revert to the general 3D view.

Using the EI@‘ $ d’:D:“-O':b control  buttons

(Scene bar) and the mouse, you can modify objects and their
positions in the 3D window. The first two icons choose

between the geometric T and physical@ editing modes.
Using the geometric editing mode, objects can be moved
freely without regard for their logica and dynamic
relationship to the other objects. The Bodies can dide into
each other without collision, and the constraint parameters
can be altered using the mouse.

Using the W physical editing mode, the bodies collide and
slide against each other, remaining on their track according to
the constraints. For example, if a body is linked to a hinge, it
can move only on a circular track. Because more editing can
be carried out in the physical editing mode, it is the default. In
the following instructions, you only have to switch to the
geometric mode if requested.

Let’s start building our first simple experiment.

You can find the body named Ball(l __2# | on the Bodies
page of the Objects toolbar. Click on its icon and the body
will immediately appear in the middle of the 3D area. To
move the ball to itsinitial position, use the mouse as follows.
To change the location, press and hold the left mouse button
over the ball and move the mouse over the scene. This will
move the body in the xy plane and keep the z coordinate
unchanged. To place the body properly in the z direction,
press down and hold the # icon and use the mouse.

The properties of the ball can be set in the Object Properties
dialog. This window will appear if you double click on the
ball.

17



The property window gives access to several pages of
properties grouped according to function. For example, on the
Location page the position and rotation can be changed, while
on the Size page the size of the body can be reset. Each kind
of object can have different panels. Clicking on the body
invokes the default page, showing the material properties
group. On the right side of the window there are icons which
you can use to switch to another page of properties.

At the top of this window there is a combo box that contains a
list of al the objects currently present in the 3D scene. If you
would like to alter its properties, select an object by name and
change the appropriate settings. In this list you will find, in
addition to the object(s name, its identity. All objects have a
name and an identity, and they are not the same. The identity,
as it identifies the object, cannot be used with more than one
object at the same time. It is a combination of a short
character stringldenerally an English word or abbreviation[]
and a number. There are restrictions. specia character cannot
be used, for example +-*/[]() or space. We will reserve these
special characters for later use; for example, in defining
curvesin diagrams.

The name of the object can be anything; it can contain more
than one word; and the same name can belong to more than
one object.

Y ou can easily change an object(s name or identity. Click the
right mouse button somewhere on the properties window and
a context menu will appear with the command ’'Rename’.
Name the ball " Rubber Ball’.

Click the E icon to bring up the Material panel. Thereisa
combo box on this page with commonly used materials. For
material, select [Rubberfor now. There are other fields on
this pageldensity, friction, elasticity, etc.lbut we will accept
their default values now. Press the Apply button to use these
new settings.

18



The color of the ball can be changed on the X Appearance
page. The ball in the picture below has been assigned a light
blue color.

The dimensions of the body may be altered on the “&. (Size)
page. Assign 10 centimeters to the diameter (radius equals
0.05 meters) in thefirst field of the Sze panel.

To assign a mass to the body, bring up the Inertia panel.

# 30 Window
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Click onthe !(I nertia) icon and set the value of Massto 0.8
kg. Note that since an objectls massis directly proportional to
the density, the density of the ball is changed as well.

Using the te'--(Location) panel, set the balll$ position to
(x=0,y=0, z=2) or z=2m. Adjust the scene by stepping back

using the 2 icon until both the ball and the table can be
seen.

Start the simulation. Click on the B (Run) button and watch
the ball on the screen.

19



After falling briefly, the ball bounces off the table. Note that
the simulation doesn’t stop by itself. To stop it, click on the

(=i (Stop) button. Click on the [ (Reset) icon to reset the
experiment environment to its pre-simulation state.

M aking diagrams
Now let(S create diagrams to represent the motion of the ball.

In the middle of the table, a coordinate system indicates the
origin of the 3D space. By default, the positions versus time
diagrams are made using this coordinate (reference) system.
The three gray axes that are drawn from the origin,
perpendicular to each other, represent the three (X, y, 2)
directions in the space. In this example, we will display the
position of the ball on the z axis as a function of time.

[ First, be sure that the Description window isin the Edit

mode. Thisis the default for new projects, but you can
aways switch to Edit mode using the Edit checkbox at
the bottom left corner of the Description window.
When this window isin Edit mode, you should see the
vertical Description toolbar with icons to help you
create the contents of the window.

= | Find the (Diagram) icon El and click on it to bring up
= | the Diagram properties window. In this context, you
@ | could create a curve and place it in a diagram in the
description window. But sometimes you want to just
define an empty diagram to prepare for a curve that you will
add later. Let[s do that now.

Click the OK button. Place the diagram in the Description
window as follows. After pressing the OK button, the cursor
will assume the shape of a small coordinate system. Firgt,
move the mouse to the position where you want to place the
top left corner of the diagram and click there. After this the
diagram size will change as you move the mouse. Moving the
mouse now will determine the bottom right corner of the
diagram and if it is in its place, click with the left mouse
button again.

20



If you need to modify the size of the diagram, select the
diagram by clicking anywhere within its area, and move the
graphic cursor above one of the little marking squares
appearing in the corners. Use the basic Windows mouse
techniques to click and drag the marking squares to their
required places. Lastly, you can move the whole diagram by
clicking within the diagram area and dragging it with the
mouse.

Now let(s add a curve to the diagram. Double click on the
diagram area, and the Diagram properties window will appear
again. This is a two-page dialog. Clicking on the tabs at the
top you can change between the pages Curve and
Appearance. On the Curve page you can create, ater and
delete curves, and on the Appearance page you can set the
general appearance of the diagram, such as the scaling of the
axes, format of numbers, etc.

Select the Curves tab to activate its pandl. There are two
different ways to define a curve. We will use the quicker and
easier method, but its possibilities are limited.

Look for the tree view list in the upper part of the window.
This presents the variable of the scene object in a tree-
structure. Clicking on the ball displays its physical variables,
and clicking on the position node expands the three
components of the position vector. Select the z component
and click on the Add button below. This will tell the diagram
tool to draw the position z versus time. Click the OK button
to apply this setting.

Starting the simulation again, we see Newton plot the vertical
component of the ballls position versus time. The curve is a
parabola, a parabolathat corresponds to the motion of a body
accelerated by the gravitational field. Note that this curve was
created with data obtained using numerical methods.

Now let[S add the same curve, only created by theoretical
methods. This will let us compare the two methods. First,
however, to make the theoretical curve, we have to use
another method.

21



Bring up the Diagram

Properties  window | Gues |appessance|
again by double- | mozontal aus:
clicking on the | |m
diagram. On the -

Curves page click the | ... /
Advanced button. | e ;
This removes the A

object tree view from
the screen. Two text
fields and some new

Syntax check. Back

buttons appear. These —
two text fields show HD:
the variables assigned e
to the axes.

Select the previoudy = ok e
created curve - '

(Position z[) and note the simple expressions in its edit
fields. In the previous step, where we selected the z-position
of the ball, we have generated the curve by actudly filling in
these expressions. Before creating more curves let(s study the
properties of this existing curve.

The Edit fields of this dialog are called Horizontal axis and
Vertical axis. In each field there is an expression aready;
[fimelin the Horizontal axisand Ball.p[3] inthe Vertical axis
field. When the simulation is running, these two expressions
are evaluated at every time step, and the two values together
provide the point of the curve.

The [fimelexpression is aglobal variable of the simulation; it
defines the elapsed time from starting. The ball.p[3]
expression is a reference to the z component of the ballls
position. Here the [Ball (s the identity of the scene object we
are examining, [p0Omeans the position of the ball and [1B]0
means the 3" (z) component of the position vector.

All the other variables of the bodies and other objects can be
used; moreover, you can use mathematical functions.
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Y ou don(f have to remember all the available expressions and

variables of your experiment. If you click on the #* icon, a
dialog listing al the available and appropriate variables and
functions will appear. You can browse and insert them into
the edit field by pressing the Insert button.

Now we are finally ready to make a new curve. Click on the
Add button and write into the fields the expressions shown in
the figure below.

Horizontal axis:

lime —

Wertical axis:
2981 /2time "2

F I S S

fe

Syntax check | Back

The word fimeldefines the horizontal axis variable to be the
simulation time. The vertical axis is assigned the expression

1
2-(9.8L/2)time"2, written as the equation Z=Zy— 2 g-t?

in Newton. Theterm Zg= 2 istheinitial position of the ball.

Now welll change the color of the first curve we created.
Select thisin the Curve list and click on the Properties button,
which can be found in the right bottom part of the window.
Set the color to Red and the width to 3.

Close the windows and run the simulation again.
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Ly S
postion. canbe vrtten with the Sollrwing eqeicns:
1= 081

¥ =081

# -ﬁ-}b.ﬁ-l‘

While the ball free falls to the table, the two curves overlap,
as you can see in the picture.

To st the axis

Shdibs X properties, double-click
Tet | an axis and work in the
Fort | Name: il Size: 7 S tac | axis properties diaog
'::::: [Decimal. 1000 - that pops up. For

example, adjust the
upper limit of the time
axis to 1.6, and then

Divide by Factor |1 Precision I2 ¢I
Font | Mame: Asial Size: 7 Style: Italic

Scale

re— L close it using the OK
Ticks 4 = Upper Limit ’27 bUtton'

You can prevent the
simulation from running
continuously. In the
Simulation menu, locate the Time settingsClcommand and
click on it. In the window that opens, you will see the Period
panel. Set the final timellcheckbox on and set the time to
1.5s.

oK | Concel | Help ‘
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4.2 Force and velocities

In this chapter you can learn how to add constant forces to a
body, how to adjust them using the mouse in the 3D window,
and how to assign an initia velocity to the body. This
experiment can be found in the file named [Const_Force.ex[]

Create a new example and place aball __# | on the scene by
clicking itsicon on the Object Toolbar. Move the ball to one
of the tablels corners by double-clicking on the bal and
setting its position value on Location page of the Properties
window. Type these valuesinto the position fields:

x=1m, y=1m, z=0.5m

Set the ball S color to blue on the Appearance page. Set the z
component of the velocity on the Velocity page to 2m/s.

To verify the entries, click the check button under the edit
fields to show the velocity arrow in the 3D Window. You can
immediately seein the 3D window that the ball now has ared
arrow emanating from the bodys center of mass.

TherelS a more intuitive way to adjust the initia velocity.
Using the mouse, select the vector then click on the vector[s
head by pushing the left mouse button. This will let you set
the vector(s direction. If you click on the vector(s shaft, you
can change its magnitude.
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When you need to set a property to an exact value, use the
Properties Dialog. Now let(S set the velocity to x=-1.5, y=0,
z=1.7m/s.

Next, we will add calibration ticks to the curve of the ballls
motion. Right click on the ball and in the context menu
choose the Show/ Track / Points command. Now the body
will leave markers along its path so we can examine the
trajectory.

Start the simulation. The ball falls to the table in a parabolic
arc, bounces up, and after a few more bounces fals off the

table. Stop the simulation® and press reset [ 1o get back to
theinitial state.

Clicking the T (Force fields) icon brings up the Force Fields
window. Here you can set al the external forces acting on the
body: gravitational force, Coulomb force, and fluid resistance.
It can be seen that gravity is set to constant acceleration and

2
its value is 9.81M/S” as on the surface of the Earth. We
will usethisvaluein all our examples.
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Try the experiment with gravitation set to Monel] Click on

the OK button and see what happens. The ball will move
along a constant line with constant speed, and wonf fall to
the table.

Stop the simulation and return to the original state by clicking
on the reset button. Now we will add a constant force acting

on the ball. Select the body and click on the force icon g
on the dynamics tab of the Object toolbars. In the 3D window
you can see the blue force vector originating from the body(s
center of mass. You can alter the force vector in the same
fashion as seen earlier with the velocity vector. Click on the
tip of the vector to set its direction, and click on the shaft to
set the strength of the force.

Add one more force to the body
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Double-clicking on the Forcels blue arrow brings up the
Properties dialog. From this dialog, you can set the forcels
parameters. Set the two constant forces with the help of this
panel. The first vector should be a force of 1N, and its
direction x = 0, y = 0, z = -1, pointing downwards. The
second vector(S force should be 2N, and its direction x=1,
y=0, z=0, (horizontal).
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Start the simulation and observe that the body(s velocity is
changing linearly, indicating a constant acceleration. The
body[s motion will stay in a planar zone, because there is no
velocity or forcein the y direction.

Let[S8 make some diagrams of the vertical component of the
motion. Click on the Diagram icon on the Description
window toolbar. The diagram dialog appears so that you can
define curves.

Diagram Properties

Curves | Appeaance |

Bal ol

=3-V F'si.non

o
ngplal velocity
# W Angular accalesation

X

Choose the Ball/Position
/z node and click the
New button. This defines
a new curve that will
draw the z component of
the position versus time.
Click on the OK button
and place the diagram on

HY Angula momantum Edt

the Description Window.
You can change the axis
settings of the diagram
by double-clicking.

To compare a theoretical
curve to the curve
calculated by Newton,
you can draw the analytical and the numerical results on a
single diagram. First, welll solve for the analytical solution of
this problem.

Help ok | cacd |

There is no gravitational force, so only the two constant
forces accelerate the body. Since the bigger force doesn(l
contain a component in the vertical (z) direction, we need
only take into consideration the smaller force. Restating the

problem, the Fz:—l( N) force component acts on the
body and accelerates it in the z direction. The object has

v,=1.7(m/s) initia velocity and z= 0.5 (M) initial
position (we set these parameters earlier).
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According to NewtonS second law ( F=ma), the
accelerationis:

a= F/m=-1(N) /0.1(kg)= 10 (m/s?)

Next, we need the expression that describes the position
versus time function of an object with constant acceleration.
Thisisthe function:

1
=3 at“+v t+s,
Substituting the values:

s=-5t’+1.7t+0.5

Put a curve for this equation on the diagram. Click twice on
the diagram area (not on an axis or curve, because then the
axis or the curve dialogs will appear). In the diagram
properties window click on the Advance button. The upper
part of the window will change, the object tree view
disappears, and the two edit fields appear for directly defining
the expression to the diagram.

If you click on the curve created earlier you will see the two
expressions of that curve. You need to place the new
expressions. Click on the new curve, and write in the
horizontal axis edit field:

time

And in the vertical axis edit field:

-5*time"2+1.7*time+0.5,

This format is required for Newton. The format below is
perhaps more familiar, but they both define the same
equation, —5 t*+1.7t+0.5 equation.

Change the attributes of the earlier curve to differentiate it
from the new curve. Select the curve and click on the
properties] button. On the Curve dialog set the color to
yellow and the width to three.
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Close the dialogs and start the simulation. If everything has
been done correctly, the theoretical curve and simulation
curves will exactly overlay each other.

4.3 Fix Joint

In Newton, it is possible to fix two or more bodies rigidly to
each other. Now the bodies must move and rotate together
and share an aggregate mass and inertia. The motion of this
assembly is very similar to that of a simple body except that
the material properties of the two bodies can be different.
Consider two cubes with different friction coefficients. Put
the cubes on the table and push, Repeat with the other cubels
surface facing downward. Note that the friction force will be
different depending which side isin contact with the table.

In this chapter you will learn how to build a gyroscope from a
brick and a capsule rigidly fixed together. The dynamic object
you thus create will be called Fixjoint.

1. Get the brick and capsule from the Object bar and place
them in the scene. Change their color(the capsule to red
and the brick to light blue.

2. Resize the bodies.
The diameter of the
capsule should be
0.03m, its length
0.3m. The side of
the brick should be
X, y =0.4m,
z=0.03m.

3. Get aFixJoint from
the object bar and
place it on the 3D
window.
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4. Select the three objects with the mouse and press down

the <& (Link tolYyicon. Thiscauses the two bodiesto be
linked to the Fixjoint. The position of the FixJoint will be
the center of mass of the two bodies.

5. In Physical mode, dragging either of the two objects drags
the other with it. The two bodiestelative position to each
other can only be adjusted in geometric mode, so click on

the geometric 1 icon. Position the two objects according
to the picture below.

6. Assign an initial velocity to the gyroscope. Since the
bodies donf have independent velocity, only collective,
their velocity cannot be atered individualy on the
Properties window. The collective velocity can be
changed on the FixJoint Properties window, at the velocity
page. Set to (-60,10, 750) -re. Their first two values mean
a small change in the exact rotation around the z-axis,
which makes the motion of the gyroscope more
interesting.

7. Start the simulation.

4.4 Experiments with spring

In this experiment, a force acts on a body via a (linked)
spring. The force of the spring model in Newton is composed
of two parts; the first isalinear force in elongation that wants
to stretch the spring back to its unstrained length. In the
second term the force overcomes friction and is proportional
to the velocity of the body. Expressed in an equation:

F.=—D-4x—bwv

Here Ax is the difference of the actua length and the
unstrained length, D is the stiffness, v is the velocity, and b is
the friction coefficient.
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The behavior and use of the spring object will be explained in
two examples. In the first, we attach the spring to a stand and
link it to a ball to examine harmonic oscillation.

7.

Place a spring |. and a ball % | on the scene
clicking the appropriate icons of the object toolbar.

Select both the spring and the ball at the same time, and

click on the ‘-Q(Link to...) icon. This links the spring to
the ball. Note that you can select two objects at the same
time by selecting the first then clicking on the second
while the CTRL button is pressed on the keyboard.

To set the parameters of the spring, double-click on it and
work within the Properties Window that appears. Set the
Stiffness of the force to 35N/m, and the unstrained length
to 0.4 m.

Change the Location page of the properties window by

clicking on the ! (Location) icon. Adjust the z
component of position of the spring to 0.8 m.

Place the ball under the spring and lift the ball up. You

can do this by pressing down the : (move up/down)
icon. This constrains the ball movement to up and down
only.

Go to the inertia page of the properties window and set
the mass of the ball to 0.5kg.

Start the simulation by pressing down the BI button.

Notice that the end of the spring that is not linked staysin rest
during the simulation.

Let’sinclude a stand inour experiment.

8.

Place a stand from the Object toolbar s@a | on the
scene.
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9. Drag the spring under the Stand and lift it up until it
touches the bar of the stand.

10. Anchor the spring to the stand. Select the spring. Then
click on the & icon and then on the stand. Moving the
stand now will drag the spring with it. To cancel the
anchor, first select the body, then press down the anchor
icon, and click anywhere on the background of the scene.
You can also work with anchors from the Location page
of the Properties window.

11. You can change the width of the spring. Press down the

{80 icon and move the cursor to the spring. Adjust the
spring width by moving the mouse up or down. Note that
this changes only the appearance, not the mechanical
behavior.

12. Start the simulation with the 2 (Run) button.

The default setting of damping is zerolthere is no damping.
You can set the damping coefficient from the spring page of
the properties window by double clicking on the spring. Try
thevalue 0.1
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The unstrained length of the spring can be set while viewing
the 3D window. Lift the ball to the desired unstrained
position, click on the spring with the right mouse button, and
select the unstrained length command from the context menu.
This results in the actual size of the spring aso being the
unstrained size.

The following example is more complex, using three balls
and three springs. (Springs_with3ball.ex)

1. Create a new example and place three balls and three
springs on the table.

2. Set the mass of al three balls to 0.1kg and the unstrained
length of the springsto 0.6m

Link the balls to the
spring as illustrated
in the screen shot to
the left.

3. Start the
simulation.

In this example the
ball-spring system
is symmetric. You
can adjust the
unstrained lengths
and the masses to
try variants of this
example.

4.5 Movement along a straight line

Frequently we will want to examine problems where motion
is confined to one dimension. There is a constraint in Newton
that reduces the six-degree of freedom case to only one. This
object is a constraint called Slider. It will force the object to
stay on a straight line.
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If we link two bodies using a Slider, they will move together
except for the distance between them, which can change
freely. It is as though the bodies are skewered on a shaft and
canonly dide aong its axis.

This congraint is well suited to an examination of one-
dimensional motion. In this example, a ball and spring will
permit us to examine the one dimensional harmonic
oscillation.

Let(S get started making an example (1DSpring.ex).

o,
1. Placea Q bal and a w:o dider on the scene.

2. Select the ball and change its color to red on the S
(Appearance) page of the Properties window.

3. Sdlect both the dider and the ball and click on the <2
(Link tolYicon, to put the ball on the constraint.

4. Place another ball on the scene and change its color to
yellow.

5. Increase the mass of the yellow ball to 2 kg on the
@ (Inertia) page of the Properties Dialog.

6. Link the bal to the dlider; select both and click on the
£ (Link tolyicon.

£

7. Placea sm;; (Spring) on the scene and link its ends to the
two bodies (Select all together and click <2 icon).
8. Set the friction coefficient of the bodiesto zero.

9. Start thesimulation (2 Run).
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Explore this experiment by stiffening the spring (see the
chapter [Experiments with springsil

4.6 Circular motion

The dynamic object called Hinge constrains the body to move
inacircular track. If we link two bodies to the hinge, we have
modeled the linkage used for the rear wheels of cars.

Let[8 build a pendulum utilizing the hinge. (Pendulum.ex).

£,
1. Retrieve a # stand, a 9 bal, and a cﬁmse‘ hinge

from the Objects bar.
2. Lift the hinge to the end of the stand(s horizontal shaft.

3. Anchor the hinge to the stand. Select the hinge, click on

the & (Anchor tol)l icon and immediately click on the
stand.

4. Select the ball and the hinge and click on the £ icon to
link them.

36



