














In order to see how the x = ¢1 cos wt + co sin wt solution agrees with the x = 1+t
solution in the limit as w approaches zero, we observe that the initial conditions
associated with x = 1 4t are:

z(0)=1 cp=1
{ 2 (0)=1 :>{ wep=1=c=1
so the solution becomes:
x = coswt + l sin wt
w
now, we take the limit of this solution as w — 0:

t cos wt
=1+t

. . .1 .
lim z = lim coswt + lim — sinwt =1+ lim
w—0 w—0 w—0 W w—0

where we use ’hopital’s rule to evaluate the second limit.

In summary, since one of the arbitrary constants actually depends on w, it
is essential to account for it when taking the limit w — 0.
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3. The general motion of the first coordinate of a two degree of freedom system is given by:
x1(t) = Ry cos(wit — 61) + Ry cos(wat — 62)

Is this a periodic motion? Under what condition will it be periodic?

21(0) = Ry cos(#1) + Ry cos(6s)

At what time ¢ will this happen again?
Suppose that wp = Tw;, where m and n are whole numbers. Then

x1(t) = Ry cos(wit — 61) + Ry cos(%wlt —6s)
After time T = 25—1", we have
x21(T) = Ry cos(2mn — 01) + Ry cos(2mm — 65) = x1(0)
In fact, x1(T +t) = x1(¢) for all ¢, not just t = 0. Thus in this case the motion is periodic.

However, if the ratio of wy to wy is an irrational number, then x;(¢) will never return to x(0)
and the motion will not be periodic.
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SOLUTION to question 3:
Multiply the first eq. in (7) by —Q? and add to the second eq. in (7) giving:
R(—PM+ K)R=—-0?Dy+ D,
Take the inverse of both sides:
(RM(—PM + K)R)™ = (—Q*Dy + Do)

RY(-0?M + Ky N(BY)™! = (—02D; + Dy)™?

Now multiply on the left by R and on the right by R*, giving
(—¥M + K) ' =R(-Q°D; + Do) 'R

This demonstrates the equivalence of eqs.(5) and (13).
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Homework 8, Problem 1

Consider a clamped-free beam of constant depth, and a width which
varies linearly from a maximum at the fixed end to zero at the free end. Taking the
origin of coordinates at the fixed end, 7 = I(1 — z/l) and g = po(1 — z/l), where Iq
and g, are respectively the moment of inertia and mass per unit length at the fixed end.
Choose a two-term series,

W = Axxz -+ Aax3

The kinetic and potential energies are:

l l
T* = ;gﬂ) pWrds = %"L (1 - ;f) (Asz® + Asz%)* dz
i EIa l T |
Vaus = 34 [} BIOF"ydo = T2 [1(1 - F) 241 + 6407 e

Integrating, taking the partial derivatives, and substituting into (61.127) gives the
pair of equations, |
(2 — B/30)A1 + (2 — B/42)A2l = 0

(2 — B8/42)A1 4 (3 — B/56)A:l = 0 (61.128a,b)

where B = ul'A/EI,. The roots of the frequency equation are g = 51.25 and
B: = 1377, and, hence, the fifst two frequencies are wi* < 51.25EIo/pol* and ws* <
1377E10/p.ol4 . '.
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