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Developed by Deva O'Neil
[image: E:\Inetpub\wwwroot\compadre/PICUP/images/exercises/Dampingresize.png] A numerical model is developed for evolving the motion of a harmonic oscillator subject to linear damping. The purpose of this activity is to graph and analyze the energy and phase space of the system.
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For this first exercise, you will apply two forces to a block attached to a horizontal spring:
1. A spring force, modeled with Hooke's Law: , where  is the equilibrium position of the mass. Here, we will take equilibrium position to be the origin, .
1. A dissipative force, due to the block being immersed in a fluid. This force will provide damping. We will model it as linear in the velocity of the block: .
Programming
Open the template for this activity. In your program, define the following physical constants.
	Parameters
	Values
	Interpretation

	
	
	mass of block

	
	
	spring constant

	
	
	damping constant


Next, fill in the desired initial conditions. The first is provided for you in the template, so you can mimic the formatting.
Initial velocity: 
Initial position: 
Now, locate the while loop. Fill in the 2 forces that act on the block - the spring and the damping. Use the following variables, along with any parameters you need from the previous table.
	Variables
	Interpretation

	
	position vector of the block
	

	
	momentum ( )
	


Finally, use the two forces you calculated to set the net force. Then, run the code. If you think the simulation looks correct, continue. If you see errors, call over an instructor for help.
Testing
· Describe how you could modify two initial conditions to produce a greater amplitude of the motion.


Test each of these separately and verify that you get a larger amplitude.
· Sketch your predictions for x(t) and v(t) in the situation where  and .
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Test your predictions. If your results do not agree with your predictions, determine the source of the discrepancy before continuing.
· Describe how you could modify two parameters to produce a greater frequency of the motion.


· Explain your reasoning:

Test your predictions. If your results do not agree with your predictions, determine the source of the discrepancy before continuing.
· Finally, what do you predict would happen if  is set to zero? Record you prediction below, then test it.

· Explain the role that  plays in this system:

[bookmark: exercise-2]Exercise 2
The goal of this exercise is to understand how the energy of a damped harmonic oscillator changes with time. We will assume that our block starts out displaced to the right of its equilibrium position, with .
We will use the classical equation for kinetic energy, . The potential energy for a spring stretched a distance  from (0,0,0) is .
· Taking into account the initial conditions, sketch your predictions for ,  for the case of  (no damping):
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· With no damping, how do you expect the total mechanical energy to evolve with time?

Open the template for Exercise 2 and test your predictions. There are blanks for you to fill in the kinetic and potential energies. (Because this template is also used in Exercise 3, you'll see blocks of code commented out - leave those alone for now.)
In testing your predictions to the graphs generated by the program, compare both the starting point of each graph and the overall behavior. If your results do not agree with your predictions, determine the source of the discrepancy before continuing.
Test your prediction about total energy by changing the graph of U to a graph of total mechanical energy (K+U).
· In Exercise 1, you should have found that giving the system an initial velocity increases the amplitude of the motion. Explain this result using energy reasoning.


Damped Oscillator
We will now put a non-zero damping constant back in. Before running the code, record your predictions:
· If there was damping, how would you expect the total mechanical energy to evolve with time? Make a sketch to support your answer:
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· How would you expect kinetic energy to evolve with time? Make a sketch to support your answer:
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Test your predictions - your code should exhibit graphs of  and .
· Explain why the decay of the total mechanical energy is not a smooth curve. (This is not a numerical artifact; it has a physical explanation.)
Hint: At what times in the block's motion is the loss of mechanical energy the greatest? Explain your answer by revisiting the damping force equation.


[bookmark: exercise-3]Exercise 3
To fully describe the state of a system at a point in time requires knowing both position and velocity (or, equivalently, momentum). One can describe the system at a point in the "space" of these two variables. For one-dimensional motion, a graph of the motion in this "phase space" is a graph of  vs. . Both depend on time, so as time evolves, a path in the phase space is traced out.
In the template, set . We'll start with the undamped oscillator.
Sketch a prediction for the phase space graph for a damped oscillator ($ b = 0.1$)
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In your program, remove the comments that disable the phase space graph. Don't forget to also un-comment the line in the while loop that adds to the phase space data. Compare the results to your prediction.
Experiment with higher values of .
· Explain how to tell from the phase space plot what level of damping the block is subjected to.

· Explain how to tell from a phase space plot whether the system returns to its original state.
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