Computer Model of Spring-Mass System
1  Explain and Predict Program Visualization
A minimal working program has been provided below. DO NOT RUN THE PROGRAM YET. Read through the program together. Make sure everyone in the group understands the function of each program statement. Reading and explaining program code is an important part of learning to create and modify computational models.
from __future__ import division

from visual import *

scene.width=600

scene.height = 760

## constants and data

g = 9.8

mball = 1 ## change this to the appropriate mass (in kg) from your mass-spring experiment.
L0 = 0.26  ## this is an approximate relaxed length of your spring in meters measured in lab.
ks = 1     ## change this to the spring stiffness you measured (in N/m)
deltat = .01  

t = 0       ## start counting time at zero

## objects

ceiling = box(pos=(0,0,0), size = (0.2, 0.01, 0.2))      ## origin is at ceiling

ball = sphere(pos=(0,-0.3,0), radius=0.025, color=color.orange) ## note: spring compressed

spring = helix(pos=ceiling.pos,axis=ball.pos-ceiling.pos,color=color.cyan, thickness=.003 , coils=40, radius=0.015) ## change the color to be your spring color

trail = curve(color=ball.color)     ## for leaving a trail behind the ball
## initial values

pball = mball*vector(0,0,0)

Fgrav = mball*g*vector(0,-1,0)

## improve the display

scene.autoscale = False          ## don't let camera zoom in and out as ball moves
scene.center = vector(0,-L0,0)   ## move camera down to improve display visibility
scene.mouse.getclick()           ## Animation doesn't start when you Run Program. 
## calculation loop

while t < 30:

    rate(100)

    Fnet = Fgrav

    pball = pball + Fnet*deltat

    ball.pos = ball.pos + pball/mball*deltat

    spring.axis = ball.pos - ceiling.pos

    trail.append(pos=ball.pos) ## this adds the new position of the ball to the trail
    t = t + deltat
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After reading every line of the program, answer the following questions:  
    • What is the physical system being modeled? In the real world, how should this system behave? On the left side of the whiteboard, draw a sketch showing how you think the objects should move in the real world. 
    • Will the program as it is now written accurately model the real system? DO NOT RUN THE PROGRAM YET. Study the program again. On the right side of the whiteboard, draw a sketch of how the objects created in the program will move on the screen, based on your interpretation of the code. 
• Run your program after everyone agrees on both predictions. Discuss how closely your prediction of what the program would do matches what you see in the visual output. 
2  Extend Program to Include Additional Interactions 
Change the values in the program for the ball's mass and the spring stiffness using the information you obtained from your previous experiments with a mass and spring. 
Modify the program to model what happens when you connect the ball to a spring, and release it from rest.
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    • All repeated calculations go inside the calculation loop in the program:  
        - Calculate the (vector) forces acting on the system and their sum, 
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        - Update the momentum of the system: 
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        - Update the position: 
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        - Repeat.  
 
 • Remember that the spring force can be written as 
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 goes from the fixed end of the spring to the other end.  
• Use the attributes of 3D objects and other variables or constants that already exist in the program you obtained. 
• Predict what you would expect to see when you run the program. 
• Run the program and make any necessary changes to the code to achieve your goal. Is the behavior what you expected? If not, check that your code correctly expresses the relevant physics.  
Describe to how you can re-create what happens in this computer model with the mass-spring lab equipment at your station.
3  Using a Graph to Determine the Period
Have your program produce a graph of the y-coordinate of the ball's position vs. time. Use this graph to determine the period of the oscillating system in your computer model. Here are reminders on how to do this:
After ``from visual import *'' add these statements:
from visual.graph import * # import graphing module
scene.y = 400 # move scene below graph

In the ##objects section of your program, create a gcurve object, for plotting the position of your ball:
ygraph = gcurve(color=color.yellow)

Inside the loop, after updating the momentum and position of the ball, and the time, add the following statement:
ygraph.plot(pos=(t, ball.pos.y))

Answer the following questions: 
· Why doesn't the graph cross zero? 
· What is the period of the oscillations shown on the graph? (You will find it easier to read the period off the graph if you change the while 
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: statement to make the program quit after a small number of oscillations. Also, with VPython 5.61 or later you can use the mouse to drag crosshairs on a graph. You can determine the version with ``print(version)''.)
· How does the period of your model system compare with the period you measured for your real system? 
· What does the analytical solution for a spring-mass oscillator predict for the period? 
· Should these numbers be the same? If they are not, why not? 
· Make the mass 4 times bigger. What is the new period? Does this agree with theory? (Afterwards, reset the mass to its original value.)
· Make the spring stiffness 4 times bigger. What is the new period? Does this agree with theory? (Afterwards, reset the spring stiffness to its original value.)
· Make the amplitude twice as big. (How?) What is the new period? Does this agree with theory? (Afterwards, reset the amplitude to its original value.)
· Record your answers to these questions as comments in your program.
Compare your answers and graph to those of another group.  Be sure to post your program, graph and video to your blog.
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