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158
#15

Solve - by both thepatching method and
by the Laplace transform method- the
initial value problem
✗
"
+ñ2x={ ,

◦<to

0 ,
t > 1

where 4401--1 and X'101=0 .
I amgoing to

call it
"
w
" and

change the problem to

✗
"
+ wzx={w2,

◦ <t<¥
◦
,
t >%-

It is of course the same problem
ifyou

stick in w=ñ
.



Problemt (CONT 'D)
Solution by patching method.
From 0 to ¥ we have

✗
"
+ WZX = w

-

we need a particular solution ofthe
homogeneous equation . I canjustseeit: it is Xp#1. Also

,
that solution

satisfies ✗101=1 and xp 61--0 , so we don't
P

have to add in
any
ofthe homogeneous so/

'

n
.

At t=%
,
the forcing function is suddenlyremoved. The system will now oscillate

with some combination of

Cicoswttczsinwt
For this period, the initial condition is

✗ 1%1--1 and X'(E)=o

Plugging % in for t , we have

C
,
cos wT¥t Czsinw = c,

__ I

= =
Doing the same thing with the firstderivative,
we have

- C
,
wsinu + CzWC0sw¥= - cz-_0
we 7

So we are done and can summarize

✗A) = {
' ◦≤+≤%

- coswt Fist



Probk.IT (cont '☐)
solution by Laplace transform method.We rewrite the probe in using theHeaviside function .

✗
"twz ✗ = WZ- WZH/t-%)

We Laplace transform the equation
SZ#(s)-sxxt°wz#Is )
= wz 's G- e-

s

)
↳
EH--¥w-8+1-11.-¥-7]

Consulting the table "ÉÉp .
em

first term is cos wt
.
The second

term is the product of €+wz and
% • ¥+wz is two Sin wt .

wsˢ is w
-HH) . The productrule

near the bottom ofp . 17% tells us

got#sin we •wÑÉ)dt
\
=
- cosWE +I



Probtem (CONT /D)
so the 1st and 2nd terms together
have justgiven us 1. The third
term is

• e-Is times the second term .
The second termgave us

- coswttl

The third term thereforegives us
-Alt - E)[- cos wlttE) +1]
= HH-%)[- co> wt - i]
To summarize

← from
1ˢᵗ{

"dud termfrom 3¥rm

✗11-1=1-1 HIT -%1[-coswt- if
this is in perfect agreement with
the patching method.



Protestant Logan p. /63*10
Write an integral expression-6
the inverse transform of

#(s ) = f- e-3s -51s )
we notice this is of the form
FG) 66) where 61s)=§e -3s

Oh
,
so glt) - HH-3) .

Now we use the convolution property
2-

' [ FGIGIN.lt
= got flt)gH-tdt
= 5? flt)H(t -t-3) dt
-

rewrite very slightly as
H (t -3 - e)←

if c-< f-3
this is 1
if c->t -3

=ft -3 fltdt this is ◦

0

(provided t >3-
if + ≤ 3 this is

just ◦ )


