Differential Equations Computer Labs #2 and #3
You will work in groups of two to three people. You will divide up the work and report your findings in a typed report.  This lab and the next one are tied together. Lab #2 will be due February 27th and Lab #3 will be due March 22nd. Each lab will count 50 points.
All work will typed with double-spacing and 12 pt font. You will be expected to use correct English grammar and punctuation. You will be graded on the evidence of work, mathematical detail and understanding, proper exposition and neatness. Your work should also be supported with appropriate Maple/Excel plots. All data should be provided in properly formatted tables and all graphs labeled properly and embedded in the report. Any references used should be cited as well. These reports will count towards the Labs/Project component of your grade.

Lab #2: Analysis of the Damped Harmonic Oscillator and Simulated Data
In this lab you will explore the behavior of solutions to the damped harmonic oscillator by answering questions given on the Lab 2 handout. This will prepare you for doing the next lab with real data.

Lab #3: 
A: Data Collection and Analysis for Spring-Mass Oscillations
In this lab you will collect data with the Data Acquisition Equipment for at least three different mass-spring combinations. Using the techniques from Part 1, you will determine the system parameters from your data (b/m and k/m) and the frequency of oscillation. Part of your report should describe your setup and any relevant observations you made during the experiment. You should provide plots of the data, the fit based upon the parameters you determined and a discussion of your results. 
B: Data Collection and Analysis for Beam Oscillations

In this part of the lab you will study the behavior of a vibrating beam, namely a meter stick. The meter stick will be clamped at several points and data taken for the oscillation of a point on the beam. The data will be analyzed similar to that of the system in Part 2 and a similar report written. Note differences and similarities between the systems and support any differences with data analysis.   

Lab #2 Solutions of the Damped Harmonic Oscillator

We will consider the damped harmonic oscillator equation 
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. Here m is the mass, b is the damping constant and k is the spring constant when considering a mass-spring system.

1. Determine expressions for 
[image: image3.wmf]a

 and 
[image: image4.wmf]w

 such that 
[image: image5.wmf]cos()

t

et

a

w

-

and 
[image: image6.wmf]sin()

t

et

a

w

-

are solutions to this equation.  

2. Verify that
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is also a solution to this equation for constants A and 
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, the amplitude and phase shift. Expand the cosine using a trigonometric identity and find the amplitude and phase in terms of a and b in the general solution 
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3. In Excel create a function for 
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in part 2.  Save as txt files for various values of 
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 In particular, do a couple with no damping and some with damping. You might want to preview graphs of the data sets before saving them.

4. Load the data into the nonlinear fit Excel sheet and determine the frequency and damping constant.

5. Repeat Step 4 using the Maple worksheet.

6. Report your results and observations.
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