How Interactive Physics Works

This handout will discuss the basics of Interactive Physics smulation design. Interactive Physics (IP)
is acomputer program that lets the user desgn and run smulations of red-world physicd events. It can
be used as an excdlent ad in teaching kinematics, dthough the user may find a few limitations when
cregting eectrogtatics smulations. IP deds only with two-dimensiona objects. It dlows the user to
cregte bodies of circular or polygona shape, to create condraints that limit the motion of the defined
bodies, to specify the position of objects, apply forces, and impart velocities and accderations. Almost
any ample physical Stuation can be scaled down and rendered on IP.  Importantly, |P dlows the user
to view, measure, and record the properties of motion of each defined body.

Thefirgt step isto find ared physcd dtuation we want to modd. Some smple Stuations that can
be easily rendered on IP are collisions between two or severa objects, the bouncing of a ball, a box
diding across africtionless surface, the moon orbiting the Earth, or the repulson of two postive charges.
This gpproach is ussful when the user wants to compare red experimenta data with theoretical |P data
caculated with \ery little error, or when the user, for example, suddenly wants to test the effects of
changing the mass of a pendulum bob on the period.

Before we gart building, we must remember to keep a clear god in mind of how we want the
amulation to look, and wha we want it to do. It is important for everyone using this program to
become familiar and comfortable with IP. Looking a afew sample IP smulations will hep you to see
different posshbilities for designing your smulation, and will help you to see how various Stuations were
modeled on this program.

Starting a New Simulation

To Create a New Simulation

To gart anew amulation if the Untitled1 window is not present soon after IP garts, go to the File
header at the top left of your screen and click on New. If the Untitledl window is present, we are

ready to begin.



The General Layout of IP

IPis divided into three portions: the Menu bar a the very top of the | P window, the Congtraints bar
to the left of the 1P window, and the World, which isan initidly blank window that takes up mogt of the
IP window. If you have not dready done this, maximize the IP window so you can fully see each of
these | P window components.

TheWorld

A very important fegture of IP is the sze of the World. The window you see before you is actudly
1/9 the size of the World; the rest of it can be seen as a blank white background when using the scroll
bars to move across the World. All of the World can be used in your smulation, but only 1/9th of it will
appear in thewindow a any giventime.

IP Program Limitations

Although IP is a versdile program, there are some limitations that can affect Smulation speed and
desgn. These limitations were found through experience in usng the program on several computers,
and were not indicated in the Interactive Physics manud.

Firg, IP displays motion of bodies on the screen by caculating the position of the bodies after every
prest intervd of time. This intervd is cdled the integration step, and represents the amount of time that
passes before IP recdculates al output to the screen. Integration step is dso closdly rdated to the
number of frames per second displayed on the screen. While decreasing the integration step to smdll
vaues (for example, 0.075 s) seems preferable because smdler integration steps dlow for more
accurate calculaions, smaler integration steps mean longer caculation times and dower motion of
bodies on the screen. To gain run speed, a bit of accuracy must be sacrificed, and vice versa. Under
the World header, click on Accuracy, and a new window will gppear. Click on the Advanced
Properties button, and you will find a text field where you can enter your preferred integration time.

Second, |P cannot handle masses larger than 1 €27 kg or smdler than 1 e-34 kg.

Third, 1P cannot process more than 5 charged bodies when Electrogtatics is turned on.



Sample Smulations

The Terminator

The god of this experiment is to give the hanging block a certain velocity so that it will land on top of
a moving cockroach. The cockroach appears from the bottom left corner of the screen, moving
frictionlesdy and a congtant velocity to theright. By sdecting different velocities for the hanging block,
the block can be made to collide with the cockroach as it fals. A question to ask: how does changing
the mass of the hanging block affect the time it takes for the block to fal to the ground (and not hitting
the cockroach)? Then, when the user finds a mass that alows the block to fal on the cockroach, what
is specia about the time it takes for the block to fll on the cockroach and the time it takes for the
cockroach to move directly benesth the falling block?

The Overtaker

An orange block, starting from rest at the Start line, travels toward the right at constant velocity over
adisgance of __ m. A ydlow block, aso starting from rest, can move either backward or forward with
different accelerations and velocities controlled by the user. Both blocks are of equal mass and travel
fricionlesdy. The gods of thisSmulation are to explore how changing the acceleration and/or velocity
of one object with respect to another one moving at constant velocity affects the distance the object
travels, and to find a combination of velocity and accderation that will dlow the ydlow block to reach
the Finish line at the same time the orange block does. Graphs to the right of the screen display the x-
position of both blocks over time. From these graphs, users can determine whether the inputted
veocity and acceleration combination alows both the yelow and orange block to reach the Finish line
a the same time by finding the intersection of the two lines on the pogtion vs. time grgph. If the
intersection occurs & m, then the velocity and acceleration combination is correct. The use of this
amulation can be extended by asking the user to find different velocity and acceleration combinations,
and determine how these combinations are rdated. For example, the yelow block will need a smdler
initid velodity if it is given a greater accderation. Other questions to ask: what happens when the bdl is
given a podtive (toward the Finish line) accderation and a negative initid velocity? How are the
velocity/acceleration combinations that dlow both blocks to  smultaneoudy meet @ the Finish line
related in this case?



Trajectory

A bdl islaunched a different angles a afield with four holes. The four holes are located & roughly
the same distance gpart from each other. The gods of this smulation are to @ show that there are a
pair of launch angles x and 90-x that will dlow the bal to neetly fal through each hole, b) to interpret the
y-velocity graph a the top right to determine whether the ball fdll neetly through a hole, and c) to show
that a 45 degree launch provides the furthest displacement.

Circular Motion

A bal swings around a pivot in a vertica circle, shown by the dotted line. While it moves a
adjustable ve ocities, acceleration vectors swing out to show the effect of gravitationd acceleration. The
amount of acceeration at different times can be read from the bar graph at the top right of the screen,
and directly as outputted values at the middle right of the screen. This smulation dlows the user to
explore how the acceleration of the ball differs at various positions on the verticd circle.

Sun, Earth, and Mars

This amulation dlows the user to view the motion of the Sun, Earth, and Mars from ether of the
three frames of reference. |If the Earth is chosen as the reference frame, the retrograde motion of Mars
and the Sun can be seen as they travel in looped orbits around the Earth, showing the view ancient
astronomers had of the geocentric solar system. Tracking can be toggled on and off at the bottom of
the screen to dlow full orbits and retrograde motion to be seen.

Planetary System

The Sun and the planets Mercury through Saturn have been scaled down in orbita period, mass, and
the gravitationd congtant G to provide a scaled version of the solar syslem as known in Gdlileo' stime.
This planetary sysem demonstrates how angular momentum is conserved through longer orbital periods
a larger digtances from the Sun. To see the orbits more clearly, click the Tracking button at the bottom
of the screen, and choose Tracking Off to turn off this option.



