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1) Because the string is plucked 2/3 of the way down (or 1/3 of the way down, from the opposite viewpoint).  The string will have a decaying spectrum of harmonics where each third multiple will be muted.
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Therefore, you would have to quadruple the tension to double the frequency.

3)
a.

Depending on HOW it varies, the solution to the wave equation can be vastly different, evening impossible to solve non-numerically.  Our wave equation wave equation becomes the equation below.  In general, the peaks of density on the string will impede motion in the ‘y’ direction.
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b.

Since there is no mass impeding motion an the end of the string, it will reach a maximum displacement from it’s axis at the very end of the string.  Also, since this condition must be meant, the wavelength and amplitude of displacement will increase towards the bottom of it in order for the equation to satisfy this boundary condition.  Our new equation to deal will this now appears below:
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5) For the derivation, I will model the problem with as slightly modified problem, where once side is driven with force F/2 and one side is fixed and the string of length L/2.  Our problem is then a superposition: 
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