Constant Frequency Standing Waves

Objective


The objective of this lab is to apply knowledge of standing waves in order to 
determine the frequency of a typical electrical outlet in the United States.

Materials

Aquarium Pump

C-Clamp


String



Pulley


Sand



Cup


Meter stick


Balance

Pre-Lab

Prior to class, read the sections on standing waves in your textbook.  In this experiment a modified aquarium pump will be used to create standing waves.  The aquarium pump consists of a metal bar driven by an electromagnet directly connected to an electrical outlet.  A string is attached to the metal bar and will form a standing wave when the tension in the string is properly adjusted as shown below.  By changing the hanging mass the number of nodes can be changed. In a standing wave the distance between three adjacent nodes (represented 
above), represents a wavelength.
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As previously determined in class, the speed of the wave in a string can be calculated using 
the equation 
[image: image1.wmf], where T = tension  (N) and ( = linear mass density of the string 
(kg/m).  
Mu, the mass linear density can be 
calculated using 
[image: image2.wmf].

Procedures:

1. Measure necessary quantities required to determine the linear mass density of the string.
2. Clamp the aquarium pump to one end of the table and the pulley to the other end.  Do not touch the inside of the aquarium pump, which has open electrical connections.

3. Adjust the hanging mass by slowly adding sand until a distinct standing wave pattern is created.
4. Measure and record the wavelength and the hanging mass in the data table.  Also record the number of antinodes and nodes (be sure to count the node nearest the pump).
5. Repeat steps 3-4 to obtain different standing wave patterns.  To do this, continue increasing the tension in the string until you see another standing wave pattern.  The new pattern should have more swells.
Data:


Mass of string _______________
Length of string ____________________

	Number of Nodes
	Number of Antinodes
	Wavelength

(m)
	Hanging Mass

(kg)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Analysis

1. Using the data above make the calculations necessary and or transfer to fill in the table below.

	Number of Nodes
	Tension

(N)
	Speed

(m/s)
	Wavelength

(m)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2. Make a plot of Speed vs. Wavelength, using a graphing program determine the regression.

Conclusions:

Answer the following questions:

1. What is the relationship between speed and wavelength?  (Give both a verbal description and a mathematical description)

2. What is the unit of the slope of the graph?  What does the slope represent?

3. Using the average US AC frequency, determine your percent error.

4. As the tension of the string increases, what changes were observed in the speed of the wave?  The number of nodes and antinodes? The wavelength?

5. How many wavelengths separate two adjacent nodes?  Antinodes?

6. List several examples of where you have encountered standing waves (outside of physics class).

7. Give some examples of situations where standing waves have caused serious problems.


Write a short summary of the lab
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