
Physics 244 
 

10 Standing Waves on a String 
 
Introduction 
In this lab, you will observe the resonant frequencies of a string fixed at both ends (one end 
attached to a harmonic oscillator and the other to a string over a pulley weighted by a mass.) 
With the data you collect, you will attempt to verify the theoretical relationship between the 
number of antinodes, the mass per unit length of the string, the tension (as determined by the 
attached mass), the length of the string and the fundamental frequency of vibration.  
 
Materials 
Data Studio, Excel, signal generator, string, mass, pulley. 
 
Reference 
Giancoli, Physics 6th Edition: Chapter 11, sections: 6, 7, 13; Chapter 12, section 4 
 
Theory 
This experiment studies standing waves on a string using the apparatus shown in Figure 11.1. 
The frequency of the vibrator can be adjusted to meet the necessary conditions for standing 
waves.  
 

 
   

Figure 11.1 
 
 



For propagation of waves on a string fixed at both ends (as opposed to a hollow tube with one 
end closed), standing waves occur when half the wavelength is equal the length, L, of the string, 
or when two half wavelengths equals the length, or three half wavelengths, etc. 
 

  Ln =
2
λ  where n =1, 2, 3… (1) 

 
 
λ  is the wavelength and n is an integer representing the number of antinodes.  Antinodes, you 
will remember, are points of maximal displacement.  This equation can be combined with the 
two following equations of motion, the first being:  
 
 fv λ=     (2) 
 
where f  is the frequency and v is the velocity of wave propagation on a long string of the same 
mass density and tension, and:  
 

  
µ
Tv =  (3)  

 
 
where T  is the tension of the string (in Newtons) andµ  is the mass density (mass/length) of the 
string. The tension T  is determined by the mass that is attached to the string passing over a 
pulley; thus T = Mg . (This is not completely accurate but we are ignoring friction in the pulley, 
so for the purposes of this lab it is sufficient.) 
 

 

 
Figure 11.2 

 
 
(Note: for the string you will be using, µ =4.01± .02 g/m approximately when the tension is 
produced by M = 200g. The three Equations (1) through (3), can be solved to yield the following 
relationship:  
 



 f
T
Ln

24µ
=  (4) 

 
In this experiment you are to attempt to verify the above equation experimentally by finding the 
frequencies at which resonances of the apparatus occur. You are to find the frequencies at which 
there is 1 antimode, 2 antinodes, etc. up to 10 antinodes. The measurements you gather for the 
frequency and number of antinodes will be used to plot a line with a slope roughly equal to the 
square root term in Equation (4). 
 
Procedure 

 
 

Figure 11.3 
 
 
1. Open Data Studio and Create Experiment. Below the Sensors section you will see a sine 
wave icon labeled Output, double-click on this icon and a window labeled Signal Generator 
will appear. Make sure that the Auto button is NOT selected for the signal generator.  
 
2. Start at a frequency of 9 Hz and increase it in increments of 1 Hz looking for resonant 
frequencies on the string.  
 
3. Once the string is close to resonance, change the stepping increment to 0.1 Hz and fine-tune 
your resonant frequency. You may need to go back an forth a few times to determine at which 
frequency the LARGEST displacement occurs--that is your resonant frequency for the 
fundamental oscillation,  n = 1 . 
 



4. Estimate the uncertainty in the fundamental frequency by noting how much you can change 
the signal generator frequency without detecting a definite change in the amplitude of oscillation. 
 
5. Record resonant frequencies and number of antinodes in a table in Excel for as many 
harmonics as you can see. 
 
6. Graph the number of antinodes (on the y axis) vs. resonance frequencies (on the x axis) for up 
to at least 10 antinodes.  
 
7. Assume that the uncertainty in each resonant frequency is the same as the uncertainty you 
determined for the fundamental frequency in step 4 and plot horizontal error bars on your graph. 
(Why is this not completely accurate?) 
 
8. Using the trendline tool, plot the best-fit linear slope for the experimental data.  
 
9. Use the regression analysis tool to find the uncertainty in the slope.  
 
10. Calculate the theoretical slope value by using Equation (4). Since the linear density of the 
string, mass and your measurement of the string length have associated uncertainty, estimate 
uncertainty for values of L,µ , and T and propagate to find the uncertainty in the theoretical 
slope. 
 

11. Compare the experimental slope of the Excel trendline to the theoretical slope 
T
L24µ  with 

uncertainty from Equation (4).  
 
For your Lab Report 
 
Include in your lab report a sample calculation of the theoretical slope from Equation (4) with the 
uncertainties you estimated in step 10. 


