Speed of Sound Simulab

Introduction: The speed of a mechanical wave in a medium depends on the physical properties of that medium.  Specifically, the speed of a wave depends on the stiffness and inertia of the medium. In this laboratory, you will investigate the effect of various properties of a gas on the speed of sound through that gas.

Procedure:
1. Start SMD
2. Close the Open Preset Experiment Window

3. File, Open Custom Experiment, Sound Wave Lab
4. Change Iterations Between Display to 5
5. Choose Display Particles By and choose Relative Kinetic Energy
6. Set Temperature to 2.0
7. Set B Particle Mass to 2
8. Click Heat Bath On
9. Click Show Additional Parameters
10. Set Number Density to 0.8

11. If necessary, Click to unlock the piston
12. Check the parameters to be certain they are set as follows:                     External Pressure =  10.0,                                                                           Piston Mass = 140

13. Click Start  Allow the volume of the container to adjust.  When this is complete, click OK and IMMEDIATELY click Pause.  Lock the Piston.  Click Start.
This container is full of colored gas particles with a piston on top.  
Observe the motion of the individual gas particles.

Which colored particles move the fastest? ______________

Which colored particles move the slowest? _____________

When the particles collide, they change color.  Why does this happen?

_______________________________________________________________________

14. Click Pause.  Unlock the Piston.  Click Start
The piston begins to fall.  Observe the compression wave building up in front of the piston.  Its location corresponds to the longest bar on the Concentration vs. Y Axis histogram. 

15. When the 70% bar on the histogram vanishes, IMMEDIATELY click Pause.

16. Lock the Piston.  
When you are ready to restart the simulation, you will be observing several things:

First:

You will watch the compression wave travel to the bottom of the container.

Second:  
You will observe the corresponding maximum on the histogram travel to the bottom.

Third: 
You will select and mark a red particle from the middle of the container and observe its motion and its color (KE) as the pulse passes.

17. To select a particle, Click Edit, Select Particles, Select Particle(s).  Then click on a red particle in the middle of the container.  Close the Select Particles window.  

18. Click Show Averages so that a time display will be visible.  If this window was already open, click Reset Averages to zero out the time.
19. Click Start When the lowest histogram bar reaches its maximum, IMMEDIATELY click Pause.  
20. Record the data for this trial in the table below, and calculate wave velocity.
	Trial #
	B Particle Mass
	Temperature
	Container Height
	Time
	Velocity

	1
	2
	1
	
	
	

	2
	2
	2
	
	
	

	3
	4
	2
	
	
	


Analysis:

1. When you doubled the temperature of the gas, you doubled the pressure (recall PV= nRT).  The pressure of the gas corresponds to the stiffness of the medium.  Based on your data, which equation below best describes the relationship between velocity and temperature:
A) V   T

B) V    T-0.5  

C) V    T0.5

D) V    T2
2. Which of the following equations below best describes the relationship between the mass of the particles and the wave velocity.
A) V    m  

B) V    m-0.5  

C) V    m0.5

D) V    m2
3. By what factor would wave velocity change if you double the mass of the gas particles and quadruple the temperature?
A) 0.5


B) 2


C)  4


D)  8
4. a) Describe the magnitude and direction of the displacement of the selected              particle as the wave passed.  
b) Describe any changes to the energy of the selected particle as the wave passed.
Extending the Concept:

In this lab you have explored the dependence of wave speed on the inertia and stiffness of the medium.  Increasing the temperature of the gas increased its pressure, and hence its stiffness.  Increasing the mass of the gas particles increased its inertia.  Based on the results you obtained in this lab, extend these concepts by answering the questions below:

1. Does sound travel faster in ice or water?  Why?

2. Do vibrations travel faster in aluminum or lead?  Why?

3. When a person inhales helium, what happens to the pitch of their voice?  Why?  (Don’t try this at home – it’s not safe).

4. Water is a nearly incompressible fluid.  Would the speed of sound in the deep ocean be faster, slower or the same as the speed of sound near the surface?  Why?

5. Light is an electromagnetic wave.  At one time physicists incorrectly believed that light traveled through an invisible medium known as the ether.  Given the extremely high speed of light, what properties must this hypothetical medium possess?

