
Test 1: EE472/672:Digital Control, Fall2014

Problem 1 (10 Points)
(a) Prove that the output y(t) of a continuous time LTI system to an input x(t) is given by y(t) = h(t)∗x(t)
where h(t) is the impulse response of the continuous system.
(b)Prove that the output y[n] of a discrete time LTI system to an input x[n] is given by y[n] = h[n] ∗ x[n]
where h[n] is the impulse response of the discrete system.

Problem 2 (20 Points)
(a) Prove that u′(t) = δ(t), where u(t) is the unit step function, and δ(t) is the Dirac delta impulse.
(b) Prove that u[n]− u[n− 1] = δ[n], where u[n] is the discrete unit step function, and δ[n] is the discrete
impulse.
(c) Prove that s′(t) = h(t), where s(t) is the step response, and h(t) is the impulse response of an LTI system.
(c) Prove that s[n]−s[n−1] = h([n], where s[n] is the discrete step response, and h[n] is the impulse response
of a discrete LTI system.

Problem 3 (10 Points)
(a) Prove that est is an eigenfunction for a continuous time LTI system. Find the eigenvalue in terms of the
impulse response of the system.
(b) Prove that zn is an eigenfunction for a discrete time LTI system. Find the eigenvalue in terms of the
impulse response of the system.

Problem 4 (15 Points) Given a periodic continuous function f(t) with time period T , which is written as:

f(t) =
i=∞∑

i=0

αiψi(t)

(a) Prove that {ψi(t)} is an orthonormal set, where ψi(t) = ejiω0t/2T , such that ω0 = 2π/T .
(b) What is the formula for αi?
(c) What is the angle between f1(t) = t, and f2(t) = t2, where the domain of the functions is [0, 1].
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