33-231 Physical Analysis Fall 2003

Problem Solutions. Set 13 (November 24, 2003)

51. ) ﬂﬁ = - Ak sin(loc +wt) - Aksin{ke - wt).
At x =0, % = - Aksinwt) - Aksin(-wt) =0 becausesin(-a) = - sin(a)
b) Usethe cosine sumidentities cos(a + b) = cosa cosb ¥ sina sinb:
y = Acoskxcoswt - Asinkxsinwt + Acoskx coswt + Asinkxsinwt
= 2Acoskxcoswt. Thenre- define A
0 y(X,t) = Acoskx coswt. At x =L, y(L,t) must bezero.

coskL =0, kL =(n+%jp, n=01 2,3, -

1
w. = ck :M’ n=012 3--

n n L

y(x t) = Acos[(n . %)px}co{(n +f)p0t} N=0123 .

L

The frequencies are odd multiples of the fundamentd :

w, = gf f, = ;V_S = —C; thisis half as large as when there are nodes
at both ends, and n isthe number of nodes (not counting the one a x = 0).

52. a) For (38), solve the smultaneous equations, Egs. (36) and (37), by any method.
(Mepleiseasiest.)
For (39): k., =w/c,, k, =w/c,. Substituteinto Eq. (38):

_W/Cl_W/CZA: CZ_ClA C = 2W/Cl A = 202

- w/g +w/g G +c w/c, +w/c, G+,
= F , G = \/E Substitute into Eq. (39):
m m,
o - AF/m) - J(F/m) _ yfm - Jm
J(F/m) + J(F/ T m

_ 2,/(F/m) A - 2,/m
~ J(F/m) + J(F/m) Ty gm
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53. @ Wavefunctionsarethe sameasEgs. (35). Boundary conditionsat x =0

Y. =Yy, Acog-wt)+Bcogwt) = Ccog-wt), and
A+B=C.
Fl% = Fz%, Fl[- Ak, sin(- wt) - Bklsin(wt)] = - F,Ck, sin(- wt)
FkA- FkB = F2k2C. Solve smultaneous equationsfor B and C
F
thenuse — = JnF
4/ /m
B = 11'F2k2A: Fl/cl'Fz/C ‘/_ \/_
Flkl + szz Fl/cl + Fz/c «/E + «/—
2Fk, 2F/c 2R,
= - -- A =S - A= T - A
Fk + Rk, F/a+R/e, R +|F
Notethat if both F and m are different on the two sides, then
_ JmF, - /mF, 2,/mF,
M= A ad C = mh
JmF+JmF

JMF, +4/mF,
The characteristic impedance of each Sideis Z = ./ If Z1 =25,
then there is no reflected wave.

y(x t) = Acos(kx + wt), v, = - Awsin(kx + wt),
F,=-F Ey = FAk sin(kx + wt).

X

At x =0, v, = - Aw sinwt, F, = F Ak sinwt,
F, _ -FAksinwt _  Fk F _ F

v, Aw sinwt

So Fy = - bvy, where b = ,/mF . What we need is a shock absorber with
adamping congtant equd to b.



