PH427: Periodic Systems (Winter 2015, Graham)
Worksheet 1: Coupled Oscillators and the Monotonic Chain

Written By: Ethan Minot (edited by MW Graham)
This worksheet is based on the PhET Simulation from UC Boulder “Normal Modes 1.00”
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http://phet.colorado.edu/sims/normal-modes/normal-modes_en.html
Worksheet overview:
Part 1: A new toy, let’s play!
Part 2: Check that the simulation is giving physically reasonable results

Part 3: Use the simulation to explore an interesting regime where analytical solutions are hard to do by hand
Part 4: Look for a unifying description of what happens as the number of masses gets very large

Before you start:
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	Set the polarization control so that we have a 1d system (forces and displacements are along a single axis). 




	Part 1: A new toy, let’s play!


1. Drag the three masses into an arbitrary pattern, then press start.

( Sketch the displacement of the leftmost mass, x1(t)

( Sketch x2(t)

( Are these curves sinusoidal?

2. Try to drag and drop the masses into an initial condition from which x1, x2 and x3 all oscillate sinusoidally with the same frequency.

	Part 2: Check that the simulation is giving physically reasonable results
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1. Set up a one mass system. Use a stop watch to measure the angular frequency of the one mass system. 
(Remember that operating a stop watch leads to timing uncertainty of about ( 0.2 s. Design your measurement to ensure the uncertainty in your angular frequency measurement is less than 2%.)
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2. Set up a two mass system. Use a stop watch to measure the natural frequencies of the system. 

3. Check whether your measurements are consistent with theory calculations for a fixed masses m and fixed spring constants . (Lecture notes about coupled pendulum should be helpful).
	Part 3: Use the simulation to explore an interesting regime where analytical solutions are hard to do by hand
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	Set the number of masses to 5




1. Each ‘normal mode’ is characterized by a displacement pattern xn(t = 0) = A sin(kna) where a is the equilibrium spacing between masses and n is an index referring to the nth mass (n = 1, 2, 3, 4, or 5). Fill in the chart below. Assume that a = 1 cm.
	Mode number
	Angular Frequency
Units:____________
	Wavenumber, k
Units:___________

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


2. Plot frequency as a function of wavenumber (use the graph paper provided). Don’t forget to title your graph, label your axes, and indicate the units of measurement.
3. Sometimes you will have to deal with wavenumbers that are larger than /a. These larger wavenumbers are also legitimate descriptions displacement patterns.  

Using a graphical argument, demonstrate the following fact for the 5-mass system:

· 
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   describes the same normal mode as   
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	Part 4: Look for a unifying description of what happens as the number of masses gets very large.
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	Set the number of masses to 10




1. Each ‘normal mode’ is characterized by a displacement pattern xn(t = 0) = A sin(kna) where a is the equilibrium spacing between masses and n is an index referring to the nth mass (n = 1, 2, 3 … 10). Fill in the chart below. Assume that a = 1 cm.
	Mode number
	Angular Frequency
Units:___________
	Wavenumber, k
Units:___________

	
	
	


2. Plot angular frequency as a function of wavenumber (use the graph paper provided). Don’t forget to title your graph, label your axes, and indicate the units of measurement.
3. Try to dream up (brainstorm) a fitting function that accurately describes the mathematical relationship between  and k. What is your best guess?
4. As the number of masses becomes very large, the highest natural frequency of the system will

a) 
increase without bound.
b)
 approach _______________ s-1
Give a physical argument supporting your answer.

5. Recall PH424, where you studied the dispersion relation for waves on a string. Can you reconcile the dispersion relationship that you just graphed with the dispersion relationship for waves on a string?

6

_1399189105.unknown

_1399189115.unknown

