3-39.

sinwt 0<ft<z/o
F(t)=
0 Tlo<t<2r/w

From Equations 3.89, 3.90, and 3.91, we have

E(t)= % ay + i(an cos nwt +b, sin not)
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Upon evaluating and simplifying, the result is
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0 n odd

b, =0 by inspection
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So
F(t)=l+lsin2a)t+ i ————cos not
7 2 n=2,4,6,... ”(1—”2)
or, letting n — 2n
1 1 = 2
F()=—+—sinwt+ Y ———— cos2not
T 2 7 w(1-4n%)

The following plot shows how well the first four terms
in the series approximate the function.
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for oscillator response, see notes below and .ppt slides on
Green'’s functions and Fourier series.
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3-38. The solution for x(t) according to Green’s method is

x(t)=]" F()G(t,1)dr
_ R ot e \ Bt s N A
—Ejoey sinwt'e sin o, (t—')dt

Using the trigonometric identity,
sinwt' sin w, (t—t') = %[cos [(a)l +o)t' - wlt] —cos [(a) o)t + a)ltﬂ
we have
R [ 1 onr : [ dproltr '
x(t)=2— Idt e/ cos[(0+ m, )t —wlt]—'[dt e/ cos[ (00—, )t + oyt |
2maey | 0

Making the change of variable, z =(w+ @, )t' — o;t, for the first integral

and y=(o—,)t'+ ot for the second integral, we find
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After evaluating the integrals and rearranging terms, we obtain
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3-42.
a)

m(x”+a)02x)—F0 sin ot =0 1)
The most general solution is

x(t) = a sin w,t + b cos w,t + A sin wt
where the last term is a particular solution.
To find A we put this particular solution (the last term) into (1) and find
FO

m(w? - o)

A=

Att=0,x=0,sowe find b =0, and then we have

x(t)=asinoyt+Asinwt = o(t)=aw, cos ot + Aw cos wt

Att=0,0=0 = A=""%
o
F,
x(t)=—2 1 (@, sin ot — o sin wyt)

b) In the limit ® — ®, one can see that

The sketch of this function is shown below.
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3-44. This oscillation must be underdamped oscillation
(otherwise no period is present).
From Equation (3.40) we have
x(t)= A exp (—pt) cos (at - 5)
so the initial amplitude (at t = 0) is A.
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Now at t=4T =—
@y

x(4T)=Aexp (—ﬂS—ﬁj cos (87— )
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The amplitude now is A exp (—ﬂS—ﬂ) , 50 we have
o
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Aexp [—ﬂ&[]
w, 1

A e

and because f=./w; —w; , we finally find
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(a) (b) (c)
The unextended length of each spring is 7, as shown in (a). In order to attach the mass m, each

spring must be stretched a distance d, as indicated in (b). When the mass is moved a distance x,
as in (c), the force acting on the mass (neglecting gravity) is

F=-2k(s—£,)sin 0 )
where
s=A07+x” [¢)]
and
sin = —= ®)
NS
Then,

F(x)= \/%[ 42+x240}7%[\/52”27(57&

(-d -d[ 2"
,—ka[l—m}f—zkx{l—T{lJrﬁ} o)

Expanding the radical in powers of xz/ /* and retaining only the first two terms, we have

M Ke-d)
4 4

The potential is given by
U(x)=-[F(x)dx

so that

R R

U(x)=
(*) A

4.2 (See section 4.3 in Marion)
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