Standing Waves lab	(VIRTUAL)	Name:   	


Theory: If you create standing waves on a string with fixed ends at a fixed tension, you can get different numbers of antinodes by changing the vibrating frequency. If a frequency f produces the fundamental mode, then the harmonic series 2f, 3f, 4f, etc., produce standing waves with two, three, and four antinodes, respectively. On a guitar string, a player creating an appropriate node can produce those harmonic frequencies.

All of that assumes that the string and its tension stay consistent. We can also produce different standing waves by taking a given string and frequency and changing the tension.
A string has a property called mass density (labeled by the Greek letter ), which is its own mass divided by its length. In SI units,  is written in the units kg/m. If we use the symbol FT for the tension on a string (in Newtons), the wave speed is given by the equation

𝐹𝑇
𝑣 = √ 𝜇

In this lab, the tension is provided by a hanging mass. The tension that a hanging mass produces in a string is equal to mg, where g is the acceleration due to gravity (9.8 m/s2). What this equation will let us do is predict what hanging mass produces different standing waves.

This lab will walk you through a set of these predictions.

Question 1: Take the wave speed equation above and solve it for FT. (that is, get the tension force by itself on one side.)
		

Question 2: Practice this: if the tension force is 2.50 N, calculate the mass in kg needed to produce that tension.

		
		
		
VIDEO: You can visit our video walkthrough of the lab: https://www.youtube.com/watch?v=CE3q0IKfuMc

Question 3: Look at the pictures in the first few seconds of the video. What is the mass of the string being used?
		Approximately 5.8 g
The lab uses a frequency of 35 Hz and a length of string between the machine and the pulley of 1 m. Complete the table below to get the wavelength and wave speed for the five cases explored in the video. You shouldn’t need data from the video to do this part.

	
# of antinodes
	Draw a small picture
L
	
Distance between consecutive antinodes (m)
	
 (m)
	
Wave speed (m/s)
	
Wave speed2 (m2/s2)

	[image: ]6
	
	0.1667
	0.3333
	11.6667
	136.11

	5
	
	0.2000
	0.4000
	14.0000
	196.00

	4
	
	0.2500
	0.5000
	17.5000
	306.25

	3
	
	0.3333
	0.6667
	23.3333
	544.44

	2
	
	0.5000
	1.0000
	35.0000
	1225.00




Question 4: What is the mass density of a string one meter long that has the mass our string does in the video?
		

Question 5: Look at the two-antinode case. Using your answer to Q1, steps in Q2 and answer to Q4, predict what mass is hanging off the string in that case.
		
		  
		
		
If that is your final guess, you will be off by nearly a factor of two. Let’s figure out why.

Question 6: Get this by looking around the trials on the video. Other than the number of antinodes on the standing wave, what is the biggest difference in the setup between the first and last cases in the video?
	The biggest difference would be the length of the hanging sting. In the first case, there is only very little stretch due to the hanging weights but in the last case, the stretch was almost as the same as the length that is being vibrated. This means that the actual μ would only be half than the one we used on the calculations above.
We need to find  appropriately by using the whole length of string. The standing wave part is a meter long, but it turns out you get much better results if you get mass density by dividing the string’s mass by the entire length. Use the additional information below to complete the table:

	
# of antinodes
	
Length hanging past the pulley (m)
	
Actual mass density (kg/m)
	
Wave speed2 (m2/s2)
	
Predicted tension FT (N)
	
Mass needed (kg)

	6
	0.31
	0.0058 kg/(1-0.31)m
=0.00841
	136.11
	0.00841(136.11)
=1.1447
	1.1447/9.81
=0.1168

	5
	0.31
	0.00841
	196.00
	1.6484
	0.1682

	4
	0.33
	0.00866
	306.25
	2.6521
	0.2706

	3
	0.50
	0.01160
	544.44
	6.3155
	0.6444

	2
	0.98
	0.29000
	1225.00
	355.2500
	36.2500




You should see that the mass density can be very different in this string depending on the mass used. We have less “elastic” string that wouldn’t stretch as much, but it doesn’t look as good in the demo.
Wrapup: Question 7: What are the main sources of measurement uncertainty in this experiment?
	The main sources of measurement uncertainties in this experiment would be in inaccuracy of measuring the length of the hanging string, the relative decision of when to stop putting weights based on the appearance of the nodes, and the inexact amount of weight being added as the observers doing the experiment is limited to the available weights. 
Question 8: The actual total hanging masses used in the video were 55, 80, 114, 205, and 335 g respectively. How well did your predictions agree? Are they all too high or low? This is a clue whether the errors are random or systematic.
	The predictions are all too high, almost twice or more than the actual values. This is because of the systematic error caused by the elastic stretch of the string that makes the mass density greater than it is supposed to be.


Title: Standing Waves

Purpose: The experiment aims to examine the parameters behind the motion of a wave in a string. Specifically, this experiment aims to measure the mass density of the string and the tension needed to produce a specific number of standing waves.

Experimental Method: The experiment was conducted by installing one end of a string on a vibrator to produce standing waves while its other end it fixed by a tension produced by the weight of the loads tied into it. The experiment was conducted using a constant frequency while the tension was varied to produce a certain number of antinodes on the string. The experiment also took into consideration the length of string that is stretch due to the tension applied and determine its effect on the overcall theoretical calculations. 

Data: The data and calculations are attached above.

Conclusion: Therefore, from the data gathered in this experiment, the wavelength of a standing wave on a string is affected by the amount of tension it has on the fixed end. Thus, the tension affects the calculation for speed of the wave as well. Furthermore, in order to perform the experiment with the best accuracy, one must take into consideration the amount of stretch produced by the loads on the attached string since it will affect the calculation of the mass density of the string and the calculation for the theoretical mass needed to produce the wave. The predictions made for the mass needed were all too high, almost twice or more than the actual values. This is because of the systematic error caused by the elastic stretch of the string that makes the mass density greater than it is supposed to be.
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