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Part I: Time-Domain Analysis
(Do NOT use Laplace Transforms Here)

1. (15%) The IPOP relation of a SISO system S is:
x(t) — [S| — y(t)

y(t) = /_too e" ) a(r)dr, te (—o00,00)

Write down the IRF h(t,7) of S. Then compute its OP y(t) given that its IP
x(t) is

2(t)=(t—1)U{t—1)+({E+1)U{E+1), te(—00,00)

SOLS: Rewrite y(t) as:

y(t) = / T e DY — 1) a(r) dr,  t € (00, 00)

—0o0

Then since S is L, it follows from BT that

h(t,7) = e~ (t=7) Ult—r), t, 1€ (—o00,00)

Next, set
()=t —-1)U(t—-1), and axo(t)=t+1)U{t+1)

Then consider:
tU(t) N [S] — gl(t)

where

y1(t) = /too e~ U (1)dr = /Ot e rdr, t>0
We find
() =[t=1+eTU@) = w)=5-1)=[t-1)-1-e“VU{-1)
Similarly,

Yo(t) =t + 1) =[(t+1) =1+ e VU +1)

2



Finally
y(t) = yi(t) + y2(t)

" yO) =t =2+ DUE 1)+ [t +e U +1)

2. A system 9] is described by the IPOP relation:

z(t) — [S1] — y(t), y(t)= /OO sinh(t—7)U(t—7) z(7)dr, t € (—00,00)

—00

and a second system S5 is described by the IPOP relation:
u(t) — [92] — w(t)
w(t) = /Z DUt — 1) u(r)dr, € (—o00,00)
Compute the IRF hg;(t) of the cascaded system Ss; := Sy Sy, i.e., the system

P — [[S] = [S]] — OP

SOLS: You have
hi(t) =sinhtU(t) and hy(t) = e *U(2)

Therefore ~
hia(t) = / eI U(t — o) sinho U(o) do

You find: 1
hiao(t) = 5[sinht —te " U(t)

3. (15%) Given the following information regarding a system S:
Ut—-1) — [L,TL,C; IRF: h(t)U(t)] — §(¢)

Is it true that o
g+ = [ Ut=n) U dr?

—00

Please give details of your answer.



Find h(t) given that

g(t+ 1) =sint U(t).

SOLS: We have
Ut—1) —[S] — g(?)

Therefore, since S is T1I:
U(t) — [S]— gt +1)
In other words g(t 4 1) is the Unit Step Response (USR) g(t) of S:
gt +1) = g(t)

But you know that
t
g(t) = / h(r)dr, t>0.
0

Therefore
t 00
gt+1) = [ h(r)ydr = [ h@)UE=T)U()dr
Finally
d d d
= — - —q 1 — — gj
h(t) pn h(t) p g(t+1) p sint U(t)

or

h(t) = costU(t) +sint d(t) = cost U(t).
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