Hw 11-8 Soln)

First, let’s show that this is correct. Assume a solution to the differential equation

It — b dx d?x
at - de
of the form
x(t) = Ae* cos(2Tf't + ).
Then,
dX t ! ! t < !
rri Aa e cos(2nf't + @) — A2nf'e* sin(2nf 't + @)
and
d?x _
Tz Aa? e* cos(2Tf't + @) — Aa 21f e sin(2Tf 't + @)

— Ao 2nf'e*sin(2nf't + @) — A 2nf')%e* cos(2nf't + @)
Then we have a mess:
k(A cos (2nf t+ ¢)) ~ b (Aa e cos (2nf t+¢) —A2nfe sin(2nft+ (p))
—m (Aaz e cos (2nf t+ @) — Ax 2nfe sin (2nft+o)
— Aaznf e sn(2nf t+.0) ~ A (2n ) ¢ cos(2nst+))
Now, all the As cancel as well as all of the exponential terms.
—k (cos (2nf t+ @)) b (a cos (2nf t+ @) — 2nf sin(2nf t+¢))
=m (az cos (2nf t+ @) — a 2nf sin (2nf t+ o)
—a2nf'sin(2nf t+) - (2nf) cos(2nft+¢)) .

The next thing we can do is separate this into two smaller equations, one of the sine terms and
the other of the cosine terms:

-k (cos (Zﬂf’t + (p)) —b ((x cos (Zﬂf’t + (p))
=m (az cos (Zﬂf’t + (p) - (21'tf’)2 cos (Zﬂf’t + (p)) :
—k—ba =ma? — m(an’)Z :

And



-b (— 2th, sin (Zth't + cp)) =m (—a an’ sin (Zth't + cp) -« an’ sin (Zth’t + cp)) :

b= —2ma .

So,

_—b
T 2m

and from the cosine equation, substituting for alpha,

() = ()~ mlenr)

= B2 e ()

(2nf')? = %——+

(2nf)? =

0.K., now let’s answer the question. As b increases, the argument of the square root decreases; at some
point it will equal zero and the frequency will disappear. This happens when

k b2
m  4m?

b2
= am

b=2Vvkm



