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Studying Standing Waves in a Stretched String: Relationship Between the Wave Velocity and the Tension in the String

Introduction: Standing (stationary) waves can be produced on a string tied at both ends if the frequency, f, is related to the length of the string, L, by   
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and v is the velocity of the waves. The wave velocity is related to the tension in the string, T, and the mass per unit length, , by   
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When one end of a string is held in place and the other end is vibrated, a wave travels down the stretched string and is reflected from the fixed end.  Superposition of the incident and reflected waves produces standing waves of different wavelengths and frequencies. If the frequency of the vibration and the tension in the string are of appropriate values such that the length of the string is some integral number of half wavelengths (recall that
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), a standing wave will be produced.
In this experiment, standing waves are produced in a string using a vibrator of variable 

frequency.  The vibrator is placed under one end of the string, which is tied to a rod, and the other end of the string passes over a pulley held at the end of the lab bench as shown in the sketch below.  A known  mass is suspended from this free  end of the string to secure the second end of the string (see Fig. 1).  The tension in the string can be changed by changing the suspended mass, and the frequency can be adjusted to produce a standing wave with a wavelength equal to the length of the string.  Since the wavelength and the frequency are known, the velocity of the wave in the string can be calculated. The relationship between this velocity and the tension in the string can be determined by graphical analysis using Excel program.


Apparatus: Computer, string vibrator, frequency generator, string, short rod, table clamp, pulley clamp, pulley, mass hanger and masses (50-1, 100-2, 200-1, 500-1), meter stick, electronic balance.
Objectives: Experimentally determine the relationship between the velocity of a standing wave in a string and the tension in the string, by using graphical analysis, and to compare this relationship with the theoretical relationship.

_______________________________________________________________________
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  Physics 4B-Lab 4 - Standing Waves in a Stretched String


Procedure: 

A.
Before tying any knots in the string, measure the total length and the mass of the string.  

Record the values in the spreadsheet/data sheet provided with this lab and do a spreadsheet calculation to calculate the mass per unit length,.(.
B.
Clamp the pulley at one end of the lab bench and set up the table clamp and vertical rod  so the vibrating part of the string is about 100-150 cm long. Tie the string to the rod and suspend a mass hanger with slotted masses from the other end so the total suspended mass is 200 g. 
C.  Place the string vibrator under the string with the vibrator about 2-3 cm from the rod and adjust the height of the pulley and string so the string is perfectly  horizontal and not quitetouching the bottom of the slot in the string vibrator.  Measure and record the length of  string, which will be vibrating.

D.
Turn on the frequency generator and, traverse the frequency scale of the signal generator  

to find the frequency at which the string vibrates in two segments (two loops). (At this frequency, the 
vibrating length of string is equal to one wavelength.  The frequency should be fine tuned  with small adjustments up and down until a stable wave of maximum amplitude is produced.  


E.
Record the frequency of the wave on the Excel (spreadsheet) data sheet. This is your 1st 

Frequency value.

F.
Decrease the frequency of the vibrator to a frequency somewhat below this frequency and 



then increase the frequency to again locate and record the frequency when the string is 


vibrating in two segments. This is your 2nd frequency value, which should be similar to 

the 1st value.

G.
Increase the frequency of the vibrator to a frequency somewhat above this frequency and 

then decrease the frequency to again locate and record the frequency. This is your 3rd value for the frequency. Again, this value should be similar to the two values obtained in the above two steps.

H.
Do spreadsheet calculations to determine the average of the three frequencies.


I.
Add 100 g to the mass hanger and repeat procedures D through H.

J. Repeat with suspended masses of 400, 500, 600 and 700 grams.

K. Add a mass of 200 g to the mass hanger to get a tension of about 1.96 N in the string. 

Start the oscillator and adjust the frequency of oscillation until two complete standing 

waves result (four loops). Carefully adjust the frequency on the signal generator so that the amplitude of the wave is a maximum. Use  a meter ruler-and-clips-on-it and carefully measure the wave length of the standing, which is in the center portion. (Neglect the one-half wave at each end.). Take three readings of the frequency of the standing wave and determine the average frequency. Record this frequency value, hanging mass value, tension, and the wavelength (() in “your-own-created” new columns in the data spreadsheet. Use the average frequency of the vibrating source and the measured wavelength for this particular single trial to obtain the experimental value of velocity (vexpt) of the wave in the string (vexpt = fλ). 

L. Compute the predicted/theoretical value for the velocity from equation (i)-see page 1) using the tension and the mass per unit length of the string for the trial in part K above. Compare (% difference for numerical values) this predicted/theoretical velocity with the experimental velocity value obtained in part J.
M. Determine if, during the course of the experiment, the elongation of the string is sufficient to significantly change the mass per unit length. If it does have an effect, take the appropriate measurements so that the correct mass per unit length may be computed for each trial. 

N. Finally, obtain uncertainity values for mass, length of the string and quote your  results with uncertainity values. Do spreadsheet calculations to determine the tension in the string, and the velocity of the wave for all sets of data. Again, quote their uncertainity values in your report.
The Graphical Analysis: 

1.
Use your spreadsheet data to graph wave (v) velocity vs. tension (T) in the string and determine the relationship, if any, between v and T for the standing waves in the string using graphical analysis.  Do a curve fit to determine the equation expressing the relationship between the variables and edit the equation so the equation for the relationship is expressed with appropriate units and variables ( v and T)


2.
Save a copy of the graph for each lab partner.

3. Use the calculated mass per unit length for the string; write down the theoretical equation for the relationship between v and T (equation (i) on page 1). Use this equation to obtain a theoretical value for the velocity v of the wave. Compare (% difference for numerical values) this with the equation you derived through graphical analysis.

4. In your report show diagrams of the standing waves observed and include a labeled diagram/figure of the apparatus set up, one data sheet, and one graph obtained through graphical analysis of your data utilizing Excel.
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