33-231 Physical Analysis Fall 2003

Problems. Set 13 (due Monday, November 24, 2003)
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a) Show that Eq. (31) satisfies the boundary condition fy/fix = 0 a x =0.
b) Derive Eq. (32) from Eq. (31).

c) Aropewithlength L hastheenda x =0 atached to aring that dides without
friction on atransverse rod, asin the figure on page 13-9 of the notes. The other
end, a x =L, ished gationary. Derive agenera expresson for the angular
frequencies of the norma modes, and a generd expression for the wave function
corresponding to each.

Hint: Equation (32) satisfiesthe boundary conditionat x =0 for any vaue of
k.. Theboundary conditiona x =L issaisfied only for certain values of k.

a) DeriveEgs. (38) and (39) from Egs. (36) and (37).
b) ExpressEgs. (39) inaformthat containsonly m, ny, and the amplitudes.

A snusoidd wave y(x,t) = Acos(kx - wt) travelsinthe +x direction onthe
portion of aropetotheleft (x <0) of the midpoint of the rope. At the midpoint

(a x=0) itistied to amasdessring that dides on africtionlessrod, smilar to the
arrangement in the figure on page 13-9, except that there is rope on both sides of the
ring. The linear mass dendty m isthe same on both sides, but thetension F has
onevalue F; for x <0 and adifferent vdue F, for x > 0.

a) Derive expressons andogousto Egs. (38) and (39) for the amplitudes of the
transmitted and reflected waves.

b) Expresstheresult of (a) inaform that containsonly F1, F», andthe
amplitudes.

A snusoidd wave y(x, t) = A cos(kx + wt) travelsinthe - x directionona
rope, toward the point x = 0. If thispoint is held sationary, the reflected wave is
inverted. If itisheld asin the diagram on page 13-9, the reflected wave is not
inverted. But it isaso possible to attach the rope to a device so that thereisno
reflected wave. What characteritics should this device have?

Hint: Atthepoint x =0 thetransverseforce Fy on the end of the rope, its

transverse velocity vy, andthedope M, dl vary snusoiddly with time. Show thet

at every instant Fy isdirectly proportiond to vy. Thatis, Fy=-bvy, where b isa
constant that depends on the device. What sort of device hasthis behavior? Derive
anexpressonfor b inteemsof F and m The congant b iscdled the
characteristic impedance, for reasons that well discussin class.



