EE301 Homework #3: DT and CT Impulse Response of LTI Systems

Problem 1 - Determining the impulse response of DT LTI systems.

For each of the following systems with input = and output y, i) prove that the system is linear; ii)
prove that the system istime invariant; iii) compute the system’s impulse response. Simplify your
answer as much as possible.

@ Yn = 2520 brTns
(B) Yo =3 (0 — 3w 1 +20i1))
©) yn = %yn—l + Ty

Problem 2 Discrete-time Impul se Response
Consider the discrete-time LTI system described by the equation

Yn = Tpy — 3Tp—1 + 2Ty
(8 Compute the impulse response of the system.
(b) Expressthe systemintheformy,, = z, * h,,.
(c) Find the output when theinputisgiven by z,, = u,,.
(d) Find the output when the input isgiven by x,, = 1.

Problem 3 - Determining the impulse response of CT LTI systems.

For each of the following systems with input = and output y, i) prove that the system is linear; ii)
prove that the system istime invariant; iii) compute the system’s impulse response. Simplify your
answer as much as possible.

@ y(t)
(b) (1)
(0 4

cor(t —t)z(r)dr

z(t) +2x(t+1) + 3x(t — 1)
—x(t)

Problem 4 - Discrete-time Impul se Response for LTI systems.
A time invariant system T'[-] is observed to have the following input/output relationships.

5n71 + 251172 =T [571 + 26n72]
671—1 + 2571—3 =T [3671—2]
Soir + 260+ 60 = T[6rs]

(a) Provethat the system islinear or nonlinear.



(b) Compute the response to an input of 4, that is compute 7' [6,,].

Problem 5 - CT Convolution.
Find the outputs of the following LTI systems with the following inputs.

(@ Impulseresponse of h(t) = u(t + 1) —u(t — 1); input of x(t) = u(t) — u(t — 2)

e~ u(t); input of x(t) = u(t) for a > 0.

(c) Impulse response of A(t ~ cos(wt)u(t); input of z(t) = u(t) fora > 0 andw € R.

(t)
(b) Impulse response of h(t)
(t)
(d) Impulse response of h(t) aty(t); input of z(t) = e "u(t) fora # b > 0.

Problem 6 - DT Convolution.
Calculate the output of a LTI system with impulse response h(n), input z(n), and output y(n).

(@ h(n) =a™u(n) and x(n) = b™u(n) where a # b.

(d) h(n) =u(n) —u(n — N)andz(n) = u(n) — u(n — P) for P > N.



