Damped Harmonic Oscillator Simulab

Introduction:  An ideal harmonic oscillator will move in simple harmonic motion forever. In the real world, however, a harmonic oscillator will gradually lose its energy and come to rest. Examples include a spring/mass system, the head of a drum, or the

vibrating string of a violin. You will use this computer simulation to investigate the behavior of such a damped harmonic oscillator, consisting of a piston of a given mass resting on a compressed column of gas.

Note:  Although the program is scientifically accurate, it does not use SI units.  For the purpose of this lab we will not be recording units.

Procedure:
1. Click open the Start SMD icon. 

2. Close the Preset Experiment Window.

3. In the File menu, Open Custom Experiment
4. Select the Damped Harmonic Oscillator file

You will see a container of green gas particles compressed beneath a red piston. The piston is in the locked position.   You will need to set the following initial parameters to cause the system to oscillate:

5. Change Iterations between Display to 1000

6. If needed, select Volume vs. Time in the Right Hand window

7. Click Show Additional Parameters
8.
Unlock the piston and change the following values:  

Check that the initial settings are:




External Pressure = 0.2

Piston Mass = 100

9.
Lock Piston Position and click Start.

You will see gas particles moving under the piston, while the volume remains constant.

10.
Click Pause.  Unlock the piston.  Press Start.

Due to the gas pressure in the container, the piston will rise to some maximum height and then begin oscillating in simple harmonic motion.  

11.
Allow the simulation to run for 400 time units, and then press Pause.

12. In the table below, record the time and volume at the first five maxima. 

To do this, place the cursor on a peak and right click and hold.  

13.  
Click start again.  Note that as the damping continues, thermal noise will gradually degrade the smoothness of the curve.  

14.
Allow the simulation to run for approximately 600 total time units.  Estimate and record the equilibrium volume.   __________

15.
Record the width of the container.  __________

16.
The simulation assumes that the container has a depth of 1.  Therefore, to calculate the height of the piston, divide the Volume by the width of the container.  

17.
To find the amplitude of the oscillation, convert your equilibrium volume to an equilibrium height.  _______ Use this value to compute amplitudes.

	Maxima #
	Time
	Volume
	Height
	Amplitude

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


Analysis:
1.
As time passes, the system loses mechanical energy.  As a result:

The amplitude:  
Increases
Decreases
Remains the Same

The period:

Increases
Decreases
Remains the Same

2.
a) What is the period of your simple harmonic oscillator?  _______

b) What is its angular velocity? __________

c) Estimate its initial amplitude.  ________

d) Write the equation for the displacement of this SHO as a function of time if there had been no damping.  _______________________________

3.
Use Excel spreadsheet program to graph Amplitude vs. Time:

Open Excel.  

In column A, put values for time

In column B, put corresponding values for Amplitude

Highlight those two columns and choose the graph function

Choose X-Y Scatterplot
Label graph and axes

Choose Chart, Add Trendline
Try to fit an exponential curve to your data

To get the equation, right click on your curve fit, Choose
 Format Trendline, Option, Display Equation on Chart.

Print your graph (chart).

4.
Interpreting the Equation:

Your equation is written in the form Y = ae-γx, where a and γ are constants.  What do the following variables in the Excel equation represent about the motion of the oscillator?




Y: _________________________________________________________

X: _________________________________________________________

a: _________________________________________________________

5.
The equation for the displacement of a damped harmonic oscillator is:

X =  Xo(e-(t) cos(t

a) If you increase γ, how will the amplitude vs. time graph change?



_____________________________________________________

b) What about the system do you think the constant γ depends on?



_____________________________________________________

6. In the space below, draw three rough sketches showing how the displacement of an SHO varies when γ = 0, low, and high.

γ = 0


γ low, non-zero

γ high

            



7.   Describe the differences and similarities between damped harmonic motion and           ideal simple harmonic motion.

_____________________________________________________

_____________________________________________________

Reporting:


Turn in your completed graph and answers to the above questions.  
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