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2.1 The Purpose/Objectives of the Experiment

The purpose of this experiment is to observe standing waves and how tension in the medium they travel through affects them. 

2.2 The List of Apparatus/Equipment used in the Experiment

Listed is the apparatus used in the experiment:
· An online simulator (Wave on a String 1.1.22)
· A timer

2.3 The Theory and Equations used

The equations used for this experiment:
· v = λf
· λ = 2L/n
· v = dt (distance x time)

2.4 Summary of the procedures followed

Opening the simulation, a 7.5 cm string is used to model waves. The experiment started by setting amplitude to 0.1 cm, moving damping to 0, and selecting fixed end. Starting with the oscillation at low tension, the frequency required for the formation of each standing wave was recorded, starting from the 1st harmonic to the 5th harmonic. The wavelength for each harmonic was also recorded and calculated. The experiment then used pulse to make 3 measurements of the time taken for the wave to reach the end of the string. All of these steps were then repeated with middle and high tension strings, and the data shown below.












Data and observations


	
	Low tension

	
	Wavelength/λ (cm)
	Frequency/f (hertz)

	1st harmonic
	15
	0.08

	2nd harmonic
	7.5
	0.17

	3rd harmonic
	5
	0.25

	4th harmonic
	3.75
	0.33

	5th harmonic
	3
	0.42




	
	Medium tension

	
	Wavelength/λ (cm)
	Frequency/f (hertz)

	1st harmonic
	15
	0.25

	2nd harmonic
	7.5
	0.50

	3rd harmonic
	5
	0.75

	4th harmonic
	3.75
	1

	5th harmonic
	3
	1.25




	
	High tension

	
	Wavelength/λ (cm)
	Frequency/f (hertz)

	1st harmonic
	15
	0.4

	2nd harmonic
	7.5
	0.8

	3rd harmonic
	5
	1.2

	4th harmonic
	3.75
	1.6

	5th harmonic
	3
	2




	
	Pulse travel time (seconds)

	
	Low tension
	Medium tension
	High tension

	Measurement 1
	6.1
	1.9
	1.2

	Measurement 2
	5.8
	2.1
	1.2

	Measurement 3
	6.1
	2
	1.4







Data analysis and calculations

Using the formula λ = 2L/n, the wavelength of each harmonic can be checked for accuracy:

1st harmonic: λ = 2L/n = 2(7.5cm)/1 = 15 cm
2nd harmonic: λ = 2L/n = 2(7.5cm)/2 = 7.5 cm
3rd harmonic: λ = 2L/n = 2(7.5cm)/3 = 5 cm
4th harmonic: λ = 2L/n = 2(7.5cm)/4 = 3.75 cm
5th harmonic: λ = 2L/n = 2(7.5cm)/5 = 3 cm

Following that, the velocities of the waves can be calculated for each tension. The formula v = λf can be solved using the data gathered above.

Low tension		1st harmonic: v = λf = 15(0.08) = 	1.2 cm/s
			2nd harmonic: v = λf = 7.5(0.17) =	1.28 cm/s
			3rd harmonic: v = λf = 5(0.25) =		1.25 cm/s
			4th harmonic: v = λf = 3.75(0.33) =	1.24 cm/s
			5th harmonic: v = λf = 3(0.42) =		1.26 cm/s
						Average velocity:	1.24 cm/s

Medium tension	1st harmonic: v = λf = 15(0.25) = 	3.75 cm/s
			2nd harmonic: v = λf = 7.5(0.50) =	3.75 cm/s
			3rd harmonic: v = λf = 5(0.75) =		3.75 cm/s
			4th harmonic: v = λf = 3.75(1) =		3.75 cm/s
			5th harmonic: v = λf = 3(1.25) =		3.75 cm/s
						Average velocity:	3.75 cm/s

High tension		1st harmonic: v = λf = 15(0.4) = 		6 cm/s
			2nd harmonic: v = λf = 7.5(0.8) =	6 cm/s
			3rd harmonic: v = λf = 5(1.2) =		6 cm/s
			4th harmonic: v = λf = 3.75(1.6) =	6 cm/s
			5th harmonic: v = λf = 3(2) =		6 cm/s
						Average velocity:	6 cm/s




	Another way to calculate velocity is to simply divide the distance a wave has to travel (string length) by the time it takes to travel the string. Using the string length and the data in the pulse travel time graph, velocity can be determined.

Low tension 	7.5 cm / 6.1 seconds = 	1.23 cm/s
7.5 cm / 5.8 seconds = 	1.29 cm/s
7.5 cm / 6.1 seconds = 	1.23 cm/s
Average velocity = 1.25 cm/s

Medium tension	7.5 cm / 1.9 seconds = 	3.95 cm/s
7.5 cm / 2.1 seconds = 	3.57 cm/s
7.5 cm / 2 seconds = 	3.75 cm/s
	Average velocity = 3.76 cm/s

High tension 	7.5 cm / 1.2 seconds = 	6.25 cm/s
7.5 cm / 1.2 seconds = 	6.25 cm/s
7.5 cm / 1.4 seconds = 	5.36 cm/s
Average velocity = 5.95 cm/s



Results

	
	Wave velocity

	
	Low tension
	Medium tension
	High tension

	Average velocity from v = λf
	1.24 cm/s
	3.75 cm/s
	6 cm/s

	Average velocity from v = dt
	1.25 cm/s
	3.76 cm/s
	5.95 cm/s

	Percent difference
	0.44%
	0.27%
	0.84%




Discussion/Conclusion

	Through the results table, we can see how wave velocity calculations compare with each other. The small percent differences between the two calculated values of average velocity indicate that the data is precise, and likely accurate. This is understandable, given that an online simulation removes many possible random errors and chances. 
While the wavelength of standing waves didn’t change as tension in the string changed, the wave velocity experienced significant changes. Between low and medium tension, as well as medium and high tension, the average velocity almost doubles, from 1.24 cm/s to 3.75 cm/s to 6 cm/s. 
	Another interesting detail to note is how each successive harmonic increases frequency by the same amount. This leads to a linear trend, as shown in the line graph. The higher tension the string or medium is, the steeper the slope is, indicating that differences in frequency (and therefore velocity) for each harmonic is greater.
	Overall, the experiment provided valuable insight into standing waves and tension. Through measuring wavelengths, frequencies, and travel times among strings of different tension, it can be seen that tension has an important role in determining velocity and frequency for standing waves. This experiment had very little error thanks to the nature of the simulation, but there are still improvements that can be made. One thing that could be improved on is to ensure that both ends of the string are fixed, in order to make it as close to a standing wave as possible. Another aspect to improve is the determination of the frequency of a standing wave, since due to nodes moving, there were difficulties in using the eye to determine whether or not a frequency was the most accurate value for creating a standing wave.
Frequencies required for standing waves
Low tension	1st harmonic	2nd harmonic	3rd harmonic	4th harmonic	5th harmonic	0.08	0.17	0.25	0.33	0.42	Medium tension	1st harmonic	2nd harmonic	3rd harmonic	4th harmonic	5th harmonic	0.25	0.5	0.75	1	1.25	High tension	1st harmonic	2nd harmonic	3rd harmonic	4th harmonic	5th harmonic	0.4	0.8	1.2	1.6	2	
Frequency (hertz)
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