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Abstract
A simple experiment to demonstrate the behavior of waves in a string is herein presented. The experiment involved several tasks to indicate the relationship between the velocity, tension, and the mass of the string in a wave. The fundamental mode of vibration and harmonics of a wave are the activities herein conducted and an analysis of the results is provided. This is a practical example that can be used to help learners understand the behavior of a wave in a string with one side fixed.
Introduction
Wave descriptions are part of our every day common experiments. Most musical instruments employ the vibrating strings technique to produce sounds (Chen, 2009). For example, when playing a guitar, we can experience the changes in tension in the strings which in turn gives a frequency of vibration. Some of the factors affecting the frequency is the thickness of the string (by virtue of mass) and the length of the string (Fang, 2007). In classroom experiments, standing vibrations also take place. For example, we can have a coil extended spring suspended between two supporting wires or an inelastic string connected to a coil with an alternating current passing through aa metal wire hence creating a magnetic field and by extension a standing wave. 
In this experiment we explore how frequency depends on the length of the string, mass per unit length and the tension applied. The string is fixed at one end using a pulley, and an oscillator on the other end. Since the amplitude is small compared to the peak amplitude of the wave, we will treat this location as a fixed end also. The experiment will henceforth have the following observations: 
•	Frequencies (f)
•	Wavelength ()
The relationship between the frequencies and wavelength gives the speed (v) of the waves. 
The formulae to calculate speeds are:
V = 
V = f λ
Where () = tension and () is mass per unit length.
Materials Used
i. Frequency generator
ii. String
iii. Oscillator
iv. Mass holder
v. Hook
Set Up and Drawing
Part (a): Fundamental mode of vibration
[image: ]
Part (b): Harmonics
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Description
Experiment
i. Connect the oscillator to the frequency generator
ii. Connect one end of the string to the oscillator
iii. Connect the other end of the string to the mass holder
Note: 	The starting mass of the string is 200 grams
The hook has a mass of 50 grams
Tension is a force and is measured in Newtons
Part (a): Fundamental mode of vibration
Procedure
· Adjust the wave amplitude by using the knob on the frequency generator. 
· Start the vibration driver with the amplitude set so that the piston moves about one-eighth of an inch. 
· Set the frequency on its lowest scale and slowly increase the frequency until the string moves back and forth similar to that shown in the figure above. 
· Record the frequency of oscillation for the fundamental mode. 
Results
What is the tension in the string? 
200 = 0.2 kg 
0.2 (9.8 m/s) = 1.96 N 
What is the length of the string?
The length of the string is 7 ½ cm.
Part (a)
What is the frequency of oscillation for the fundamental mode? 
 Frequency of oscillation is 0.50 Hz
What is the wavelength of the wave?
Wavelength = 7.5 cm
What is the velocity of the wave on the string?
	v = f λ
	f = 0.5 Hz
	λ = 7.5 cm = 0.075 m
v = f λ = 0.5 x 0.075 = 0.0375 m/s
Part (b) 
What is the wavelength of the wave?
	λ = 0.55 Hz
What is the velocity of the second harmonic?
	V = f λ
	V = 0.0375 m/s (0.55 Hz) = 0.020625 m/s
	Mode 	 
	Shape 
	Frequency (Hz) 
	Wavelength (m)
	Velocity (m/s)

	Fundamental or First Harmonic  
	    Half wave 
	   0.3 Hz 
 
	  15 
 
	 4.5 
 

	Second Harmonic
	 One wave
	   0.6 Hz 
	7.5 
	 4.5 

	Third Harmonic 
	   One wave 
	    0.9 Hz
	 5 
	 4.5

	Fourth Harmonic
	 2 ½ waves
	    1.2 Hz 
	 3.75
	 4.5

	Fifth Harmonic 
	    1 ½ wave 
	    1.5 Hz 
	  3 
	 4.5

	Sixth Harmonic 
	     2 waves 
	     1.8 Hz 
	 2.5
	 4.5 

	Higher Harmonic (n = 8)  
	 2 ½ waves
	       3 Hz 
	 1.5 
	 4.5 



Analysis
Relationship between wave velocity, tension, and string mass 
The velocity depends on the tension of the string (τ) and the mass per unit length of the string (µ):  
[bookmark: _Hlk70764472]V = 
 To find the speed of the wave using this method, we measure the total length of the stretched cord. 
Note: The total length is made up of 3 parts: 
	The distance from the oscillator to the top of the pulley 
	¼ of the pulley circumference 
	The distance to the mass hanger
We then measure each of part of the string and add them to get the total length of the stretched string.   
We remove the string from the set-up and measure its mass; 
Mass (m) = 200 grams 
Mass per unit length of the string (we calculate this by dividing the mass in kilograms by its length in meters) 	 
 150 gram= 0.15 kg	
7.5 cm= 0.075 meters 
0.15 / 0.075 meters = 2 	 Therefore, µ = 2
 In the first part, we determined the tension in the string (τ). 
V = 
V = 
V = 3.13 m/s
Possible Source of Error
Since we did not know the mass of the string, calculations may have been off. I took an educated guess on what the mass of the string would be. I also felt like there could be a mistake in part b when calculating the wavelength and measuring the string.


[bookmark: _GoBack]Conclusions
The frequency of each mode of vibration of a stretched string is related to the fundamental frequency. Therefore, we would have to multiply the frequency of the subsequent value to the harmonic number in order to figure out the relationship between the fundamental and subsequent modes.  
Additionally, in part b the average speed was 4.5 m/s, while in part c the speed was 3.13 m/s. There was a difference, but it was also close. It was off by roughly 1.4.  
This clarifies on the agreement or disagreement, of the two methods used to calculate the speed of the wave on the string, i.e., how well the average speed calculated in part (b) agree with that calculated in part (c).



Homework
1. Circle the correct answer. A decrease in the frequency of the oscillator will result in the following changes in the standing waves produced on the stretched string: 
 An increase in the wavelength 
2. Circle the correct answer. If during the experiment you were asked to increase the tension in the string by adding more mass to the mass hanger, what change in the speed of the wave produced would you expect: 
 An increase in the speed of the wave
  3. The NMSU radio station, KRUX, broadcasts at a frequency of 91.5 MHz = 91.5 x 106 Hz. 
(a)	How many vibrations per second are there in the radio wave producing the sounds?
91500000 vibrations per second
 (b)	Radio waves travel at the speed of light, 3.0 x 108 m/s. What is the wavelength of the radio waves used during a KRUX broadcast? 
3.0 x 108 m/s / 91.5 x 106 Hz = 3.28 m
  4)	A ship captain notices wave crests passing his anchor chain every 4 s. He estimates the wave crest to be 20 m apart. 
 (a)	What is the frequency of the wave? 
0.25 Hz
 (b)	What is the speed of the wave? 
5 m/s
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