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Standing Waves in a Rope 
A group of students are conducting 
experiments to determine the effect of 
various factors on the speed of a wave. The 
apparatus, shown in Figure 1, includes a 
rope extending from a metal pole on one 
end to a pulley on the other. The rope wraps 
around the pulley and is pulled tight by a 
hanging mass. A mechanical oscillator vibrates the rope. The frequency of vibrations 
can be controlled by the students. Frequencies are chosen that cause the rope to 
vibrate as a standing wave with fixed points of no vibration called nodes. 
 
Experiment 1 
In Experiment 1, students hang a 1.0 
kilogram mass on the end of the rope. 
They vary the frequency to create 
standing wave patterns with varying 
number of nodes. They measure the 
wavelength and calculate the speed of 
the wave. See Table 1.  
 
Experiment 2 
In Experiment 2, students vary the 
amount of mass that hangs on the end 
of the rope. Increasing the mass 
causes the tightness (tension) of the 
rope to increase. In each case, they 
chose frequencies that vibrate the 
rope with the same standing wave 
pattern. The measured frequencies 
and wavelengths and the calculated speeds are shown in Table 2.  
 
Experiment 3 
In Experiment 3, students vary the 
rope that is being vibrated. They keep 
the tension the same from trial to trial 
and vibrate the rope with the same 
standing wave pattern. For each rope, 
they measure the linear density (the 
mass per unit length of the rope). The measured frequencies and wavelengths and the 
calculated speeds are shown in Table 3.  
 


