Nodes of a Standing Wave (Cosine)

Learning Goal: To understand the concept of nodes of a standing wave.

The nodes of a standing wave are points where the displacement of the wave is zero at all times. Nodes are important for matching boundary conditions, for example that the point at which a string is tied to a support has zero displacement at all times (i.e., the point of attachment does not move). 

Consider a standing wave, where 
[image: image1.png]cos(kz) sin(wt),





where [image: image2.png]is the maximum transverse displacement of the string (the amplitude of the wave), which is assumed to be nonzero, [image: image3.png]


is the wavenumber, [image: image4.png]


is the angular frequency of the wave, and [image: image5.png]


is time.

Part A
Which one of the following statements about wave [image: image6.png]y(x,1)



is correct?

Top of Form

Bottom of Form

Which one of the following statements about wave [image: image7.png]y(x,1)



is correct?

Top of Form

	
	[image: image8.wmf]
This wave is traveling toward [image: image9.png]



[image: image10.wmf]
This wave is traveling toward [image: image11.png]


.
[image: image12.wmf]
This wave is oscillating but not traveling.
[image: image13.wmf]
This wave is traveling but not oscillating.

	
	


Bottom of Form

[image: image14.png]



Part B
At time [image: image15.png]


, what is the displacement of the string [image: image16.png]y (,0)



?

Express your answer in terms of [image: image17.png], [image: image18.png]


, and other previously introduced quantities.

[image: image19.png]y (,0)



 = __________________

Part C
What is the displacement of the string as a function of [image: image20.png]


at time [image: image21.png]T/4



, where [image: image22.png]


is the period of oscillation of the string?

Express the displacement in terms of [image: image23.png], [image: image24.png]


, and [image: image25.png]


only. That is, evaluate [image: image26.png]e



and substitute it in the equation for [image: image27.png]y(x,1)



.

[image: image28.png]e



 = __________________

Part D
At which three points [image: image29.png]Iy



, [image: image30.png]T2



, and [image: image31.png]I3



closest to [image: image32.png]


but with [image: image33.png]x>0



will the displacement of the string [image: image34.png]y(x,1)



be zero for all times? These are the first three nodal points.

Express the first three nonzero nodal points as multiples of the wavelength [image: image35.png]


, using constants like [image: image36.png]


. List the factors that multiply [image: image37.png]


in increasing order, separated by commas.
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, [image: image39.png]T2



, [image: image40.png]I3



 = ___________________
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