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You will be using software entitled “Waves and Optics Simulations”
, specifically the program “One dimensional Oscillator Chain”.  The program simulates the motion of a number of oscillators coupled in a way that you can set, with boundary conditions and initial conditions that you can control. 

To run the simulation, double-click the MS-DOS “Chains” icon on the desktop.  A hard copy of description of the program is available, but here are some basic instructions.  This program, unfortunately, runs under DOS and is not supported any longer.  There are efforts to port it to Java.

The basic things to do every time you run a new simulation are:

(1) Select Parameters | Number of atoms and cells to choose the size of your chain.

(2) Select Boundary | Stationary and then periodic, fixed, free according to your needs.

(3) Select Init and then whatever initial conditions you’re interested in.  You can also drag an oscillator to an initial position.

To run the simulation you use mostly the following keys:

F2 - Run
F7 - Reset (resets to t = 0 conditions)

While the simulation is running you’ll use

F5 - Faster (no loss of accuracy)
 

F6 - Slower (no loss of accuracy)


F2 – Pause

Working with Graphs – You can adjust the scale and other graph parameters by clicking on the colored squares in the corners of the graph.  Experiment with each corner to find out what it does.

Using the FFT Graph – When you measure frequencies, you may find it convenient to use the FFT (Fast Fourier Transform) graph.  Choosing “FFT -  y(t)” on either the “Graph 1” or “Graph 2” menu sets the appropriate graph to display a Fourier frequency spectrum for one atom in the chain.  Unfortunately, this Fourier spectrum is not calibrated and is affected by the “Faster” and “Slower” buttons.  In order to use the FFT graph to measure frequencies, you must calibrate the FFT graph by making a conventional measurement of the frequency.  After you calibrate the FFT graph, it is very important that you do not hit the “Faster”/”Slower” buttons, as this will change the calibration of the FFT graph.  

To calibrate the FFT graph, measure the frequency of a mode using the conventional period counting method and record the corresponding value for the peak in the FFT spectrum.  The frequency (f) in Hz is linearly related to (v) the value on the FFT spectrum.  Thus, f = C v.  Where C is the calibration constant.  Use your measurements of the frequency and its corresponding FFT value to find C.  Then, you can determine the frequency of a particular mode by simply examining its FFT spectrum.  To ensure a sufficiently precise value for C, it is important that the FFT value of the frequency you use for calibration is somewhat large (v > 20). 

DIATOMIC CHAIN (Modes and the Dispersion Relation):

1. Set up the simulation –  

· Make a chain of 17 oscillators with 2 oscillators per unit cell.  You will get an error.  Click OK and proceed.  We are using a 17 oscillator chain instead of a 16 oscillator chain so that we have a small mass at both of the fixed ends.   

· Set the boundary conditions to fixed at both ends.

· Set up the chain to have alternating small and large masses.  To do this, choose Parameters | examine cells and look at cell #1.  Set the first mass to 1 unit; the second mass to 2 units.  Then set the option “apply to all cells in the chain”.  When you return to the screen, you will notice that every second mass is larger.

2. Measure the properties of the lowest frequency normal mode – Since the normal modes of the diatomic chain are different than the modes for a monatomic chain you’ll need to load a file with the mode already set up.  Choose File | Open:  RMODE4.chn  The graphs should be set up with Graph 1 displaying the displacement Y(t) for one or more of the masses in the chain, and Graph 2 displaying a FFT frequency spectrum for on of the masses.  Record the wavelength (), wave number (k), and oscillation frequency (f and/or ) for this mode.  Is there an obvious phase relationship between the large and small masses, i.e., Do the large and small atoms vibrate in phase, in anti-phase, or do they have some other phase relationship? 

3. Calibrate the FFT spectrum – We would like to obtain similar measurements for each of the 16 modes all the way to the Brillouin zone boundary.  In order to do this quickly, we will first need to calibrate the FFT spectrum.  Calibrate the FFT spectrum using the file RMODE10.CHN (the “C” next to RMODE10 in the table denotes that it should be used for calibration.  Follow the directions above to calibrate the FFT spectrum. 

4. Measure the properties of the other modes – In the interest of saving time and suffering on your part, each group will be assigned a set of 8 modes to investigate.  Each group will be assigned a letter from A to E.  The table below will tell you which modes look at depending on your group letter.  You should record the wavelength (), wave vector (k), oscillation frequency (f and/or ), and phase relationship for each mode.  In addition, you will be given several transparency sheets on which you will draw the positions of the masses for each of the starred modes and also draw the corresponding spatial wave functions as you did in Lab 1.  


Observe the oscillation of each mass.  Note that each of the masses oscillates at the same frequency.  This is what we mean by a normal mode.  If you are having trouble observing the oscillations, feel free to hit the slower button, but make sure you reload the file before taking any frequency measurements.

	GROUP A
	GROUP B
	GROUP C
	GROUP D
	GROUP E

	RMODE4

RMODE10 (C)
	RMODE4

RMODE10 (C)
	RMODE4

RMODE10 (C)
	RMODE4

RMODE10 (C)*
	RMODE4*

RMODE10 (C)

	RMODE1*
	RMODE9*
	RMODE2
	RMODE8*
	RMODE1

	RMODE12
	RMODE2*
	RMODE16
	RMODE11
	RMODE15*

	RMODE8
	RMODE13
	RMODE3*
	RMODE13*
	RMODE5*

	RMODE7*
	RMODE14
	RMODE11*
	RMODE6
	RMODE8

	RMODE3
	RMODE6*
	RMODE15
	RMODE3
	RMODE14

	RMODE16*
	RMODE5
	RMODE414*
	RMODE9
	RMODE12*


5. Graph the dispersion curve – After recording your data, plot your data on a graph of  vs. k.  You will fill in the missing mode data as your classmates present their data.
6. Class Discussion
Questions (It will be easier to answer these questions after the class discussion)

1. In a few sentences, describe the similarities and differences between the dispersion relations for the monatomic and diatomic chains.   

2. Make a rough sketch of what you think the dispersion curve for a triatomic chain (three different masses) would look like.  Use your intuition and what you have learned in this lab.

3. How do you think the chain will behave if driven at different frequencies?

· At the natural frequency for one of the modes?

· Between two closely spaced natural frequencies within the same band?

· In the gap between the acoustic and optical branches?

· Above the highest frequency of the optical branch?

Make observations in the cups program and compare these to your predictions.






� Antonelli, et al., Consortium for Upper-level Physics Software (CUPS), Wiley, 1995.
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