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(b) Let f(z,t) = F(2)e™™%; then Te""""c:i}; = p(—w?)Fe™ ™! 4 y(—iw)Fe~ ™t =

2F . aeF ., cn _ ) L= < e 2 Bo—ih
TE'T = ww(m + i7)F, F = —F*F, where k= -—(,uw +m). Solution : F(z) = Ae*™** + Be™***,

Resolve k into its real and imaginary parts: k = k + ik = k¥ = k% — k% + 2iks = %(uw + i7).
21 ‘
ek = o = g = E:Z-; k> — 5% = k% - (g%) = u; sor k* — k2 (uw?/T) — (wy/2T)* =0 =

k= % [(uwz/T) 4+ /([T + 4{wy/2T)?| = ;;w_T [1 + 1+ (7/,u,w)2]. But k is real, so k? is positive, so
wy

L N 3 2—1/2
we need the plus sign: & w1/ \/1+ 1+ (v/pw)? k= ST \/2?[ 1+('y/,uw)] .

Plugging this in, F* = Ae‘““'*"‘)" + Be~ilktin): — go=w2gihz 4 Betie—ikz By the B term gives an expo-
nentially increasing function, which we don’t want (I assume the waves are propagating in the +z direction),

s0 B = 0, and the solution is | f(z,t) = Ae™*%¢ i(kz~wt} |(The actual displacement of the string is the real part

of this, of course.)
(c) The wave is attenuated by the factor e™"*, which becomes 1/e when

z= 1 = ﬂu—\/ 1+ /14 (v/uw)?; | this is the characteristic penetration depth.
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(d) This is the same as before, except that k; — k + ix. From Eq. 929, Ag = u A
ki1 +k+ix

An 2_ k]_—'k‘—i‘:ﬂ‘.) (kl_k'i‘f:ﬁ _(kl—k)2+h:2 4 (kl_k)2+fi2A
Aj TNkt k+ir ki +k—ic) (kR +E)2+rY R = (ky + k)2 + &2 I
(where ky = w/v; = w+/1 /T, while k and & are defined in part b). Meanwhile

kl —k—ik _ (k; -k —‘ilﬁ)(kl +k+‘in’€-) _ (k1)2 - kz — R.z —2’!:!9]61 5 Ftan‘l —Zklh',
kit k+in) (ki + B2 + K2 T (kP T R (k)2 —k2—x2)




