A. Interactive Physics Tutorials

Objectives

At successful completion of this lesson, you will be able to:

• Perform basic operations of Interactive Physics 2004 (IP).

• Describe and use the menus and tools in the toolbox of IP.

• Solve virtual physics conceptually.

• Solve virtual physics quantitatively.

Introduction

Interactive Physics 2004 (IP) solves problems using numerical methods. A problem is time-discretized so that IP computes motion and forces, while making sure that all the constraints are satisfied. With its systemic approach, IP can model a wide variety of problems. Instead of analytical methods, IP uses numerical methods to allow the solution of the motion of mechanical systems which are governed by differential equations arising from mechanics principles. These principles can be expressed in the following simple equations: F = ma, T = Iα , a = dv/dt, v = dx/dt, and α = dω/dt.

The solution is carried out by numerical integration.  These four tutorial IP simulations will give you enough expertise to be able to complete the virtual labs. Be sure that you attempt and master these before you start the actual labs. These tutorial labs can be can be downloaded from within your course under Lab Module.  Their file names begin with “IP TUTORIAL #__.ip”.  To be effective, a physics simulation program must emulate events that we know to be “true” from our everyday lives. IP has been shown to be quite accurate in simulating mechanics and electrostatics events as verified from physical measurements and from theoretical calculations. IP utilizes numerical integration and differentiation (integral and differential calculus) over very small time intervals, say Δt = 0.02 s, based on such equations as F = m • a (Newton’s Second Law) and Fc = Kqq’/d2(Coulomb’s Law). Note the bold font indicating that forces, accelerations, and displacements are vectors (vectors have a magnitude, say |F|, units, say newtons or N, and direction or directional components, say Θ = 135 °,or the acceleration in the x-direction, vx).
MENUS (top of simulation screen)

To get you acclimated to Interactive Physics and doing experiments via Interactive Physics, four separate simulations are provided. Study each carefully, paying particular attention to the specific menus, controls, measurement tables, and tools used. Most of these correspond to measurement tools (e.g. stopwatch and meter stick) and tables used in the “real” laboratory. Some of the important “menus” at the top of the IP screen are:

“World” sets up the overall general environment of the simulation: “Gravity” - the acceleration of an object due to gravity, g (SI units = m/s2), “Air Resistance” - the retardation of an object’s motion due to its resistance falling through air, k (SI units = kg/m•s), “Tracking” - a display of an object’s strobe or “shadow” at a constant time interval, say every 0.04 s), and “Accuracy” - Δx & Δt increment steps for numerical integration and for simulation time increments, Δt, usually 0.02 s or 0.05 s.

The “Define” menu involves the showing (or not) of colored arrows representing the magnitude and direction of velocity, acceleration, and total force.

The “measure” menu allows precise measurements of time (stopwatch), position (meter stick measuring x, y, and d (displacement)), velocity (instantaneous vx, vy, and |V|), acceleration (instantaneous ax, ay, |a|), force (Fx, Fy, |F|), and energies (kinetic (KE) & potential (PE)). 

The “Window” menu contains information about the “properties” of an object that is clicked on by your mouse. Here, all pertinent information concerning the object can be ascertained or changed: x, y, vx, vy, mass (m), and static (μs) and kinetic (μk) friction. Be sure that all frictions for both objects in contact and moving relative to each other have the same value (IP uses the lesser of the values). For a frictionless simulation, μs = μk = 0.

IP TOOLS (left side of simulation screen)

Some of the more important tools needed to understand, run, and interpret the simulations. “Run” starts the simulation running. “Reset” takes the simulation back to t = 0.0 s (i.e.. the start). Most of the following tools are utilized when creating a simulation (“Home” position, “Text”, “Circular” and “Rectangular” icons, the anchor (fixes an object in space; otherwise it falls due to gravity), rods, springs, and strings, an applied force arrow (double click on it and you can ascertain its x & y-components, Fx and Fy). 

An important tool for “slowing down the action” - the “VCR” freeze frame and frame-by-frame advance or reverse control. This control is also important to get a time = 0.0 s to register on the time measurement table (stopwatch) for you to discern initial (beginning) boundary conditions for the simulation.

IP Simulation #1 (“IP TUTORIAL #11.ip”): Two balls falling toward the floor in free fall.  Run the simulation.

Here two objects (blue and red) are falling toward the ground or floor (brown rectangle).  Important menu items:
	“World”
	“Define”
	“Measure”
	“Window” -

“Props” (@ t=0)



	g = 9.807 m/s2
	none
	time (@t = 0.05 s)
	xblue = -2.10 m

	A.R. = “none”
	
	velocity, vxblue = 0


	yblue =1.367 m



	Tracking: ON (4th)
	
	velocity, vyblue = -4.9 m/s
	xred = 0.4 m

	
	
	velocity, vxred =0
	yblue =1.1 m

	
	
	velocity, vyred = -4.9 m/s
	massblue =.350 kg

	
	
	
	massred =.283 kg




Practice stepping through the simulation frame-by-frame.

IP Simulation #2 (“IP TUTORIAL #21.ip”): Pushing (forcing) a box horizontally along a frictionless floor.

Run the simulation.   Here a blue box is being pushed along a frictionless floor.  

Important menu items:
	“World”
	“Define”
	“Measure”
	“Window” -

“Props” (@ t=0)

	g = 9.807 m/s2
	vel (blue arrow)
	time (@t = 0.02 s)
	x = y = 0

	A.R. = “none”
	acc (green arrow)
	velocity, vx = 0.2 m/s
	vx = vy = 0

	Tracking: OFF
	
	velocity, vy = -0.55 m/s
	mass = 1.0 kg

	
	
	acc, Ax = 10 m/s2
	μs = μk = 0

	
	
	acc, Ay = -1.133 m/s2
	Force, Fx = 10 N




 Practice stepping through the simulation frame-by-frame.

IP Simulation #3 (“IP TUTORIAL #31.ip”): A pendulum in motion.

Run the simulation. Here a blue ball attached to a string suspended from the ceiling is pulled a short distance from its vertical equilibrium position and then released - a pendulum.

Important menu items:
	“World”
	“Define”
	“Measure”
	“Window” -

“Props” (@ t=0)

	g = 9.807 m/s2
	vel (blue arrow)
	time (@t = 0.76 s)
	x =3.7 m; y = -0.6 m

	A.R. = “none”
	acc (green arrow)
	velocity, vx = -1.802 m/s
	vx = vy = 0

	Tracking: OFF
	
	velocity, vy = -0.003 m/s
	mass = 0.51 kg

(slider)

	
	
	acc, Ax = -.018m/s2
	μs = μk = 0.3

(doesn’t matter)

	
	
	acc, Ay = 1.433

m/s2
	

	
	
	x = 2.854 m
	

	
	
	y = -0.765 m
	


Practice stepping through the simulation frame-by-frame. At t = 0.76 s, the ball-string set-up is perfectly vertical. After one complete trip (called a “period), does the ball come back exactly to its original position? How do you know?

IP Simulation #4 (“IP TUTORIAL #41.ip”): A box being pushed along a floor, but this time the floor has a coefficient of friction (both static and kinetic).

Run the simulation. Here a blue box is being pushed along a floor that is rough (i.e.. has friction). You, the user, have control over the blue box and floor frictions. Adjust both until they read “0.5”.

Important menu items:
	“World”
	“Define”
	“Measure”
	“Window” -

“Props” (@ t=0)

	g = 9.807 m/s2
	vel (blue arrow)
	time (@t = 0.8 s)
	x = 0; y = 0 m

	A.R. = “none”
	acc (green arrow)
	velocity, vx = 4.077 m/s
	vx = vy = 0

	Tracking: OFF
	Force (red arrow)
	velocity, vy ≈ 0
	mass = 1.0 kg

	
	
	acc, Ax = 5.097m/s2
	μs = μk = 0 - 1

(slider)

	
	
	acc, Ay ≈0
	

	
	
	Force, Fx = 5.097N
	

	
	
	Force, Fy = 0
	


Practice stepping through the simulation frame-by-frame.  Describe the changes in the motion of the blue box while it is being pushed across the floor when both friction slider (make both have the same numerical value) values are changed from “0” to “1”.
