ECE 315: Signals and Systems
Homework 7

Instructor: Dongsheng Ding

April 6, 2026

This homework is due on 4/13, 11:59pm. For analytical problems, write
your solutions independently by hand. For coding problems, attach your source
code and answers. Combine them in one PDF document and submit on CAN-
VAS. Please ensure that your PDF is clearly readable on a computer.

1. (2pts: Parseval’s theorem) Prove the Parserval’s theorem for discrete-time
periodic signals. IL.e., show the following equality for a discrete-time periodic
signal z[n] with period N.
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where ay, is the Fourier series coefficeints of z[n].

2. (2pts: Fourier series representation, and its properties) Assume that we ob-
serve the following properties for a continuous-time periodic signal x(t):
e x(t) is periodic with period 3;

e z(t) has Fourier series coefficients aj that satisfy: (i) ar = agx4o; (ii)
ak = a_g;

V2 w(t)dt = 1;

® Jo1e

o f12 x(t)dt = 2.
Determine the signal z(t).

3. (2pts: Periodic convolution, Fourier series properties) Consider the periodic
convolution of two periodic discrete-time signals z[n] and y[n] with common

period N:
o) = Y alrlyln—r)



(i) Show that z[n] is periodic with periodic N;

(ii) Assume that the Fourier series coefficients of x[n| and y[n] are aj and
bk, respectively. Compute the Fourier series coeflicients of z[n] in terms
of ay and by;

1 0<n<l1
iii) Assume z[n] = sin(222) and y[n] = -~ , and their
(i) ] = sin(*52) and ylo) = § 5" S
common period N = 8. Compute the Fourier series representation of

4. (2pts: Continuous-time LTT system response to periodic signals) Consider a
continuous-time linear-time invariant system with impulse response h(t) =
e~ 'u(t), and an input,

oo
x(t) = Z apelFt

k=—o0

where wy = 7 is the fundamental frequency, and ax = 0 except that

1 1

ap=0,a1=a_1=—,a=a_2 = 503 =0-3= 3.
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(i) Determine the system function (system’s eigenvalue) H(s) and its fre-
quency response H (jw);

(ii) Compute the output of the LTT system for the input z(t).

5. (2pts: Discrete-time LTI system response to periodic signals) Consider a
discrete-time linear-time invariant system with impulse response h[n] = 5 u[n],

27L
and an input,
0] = 5+ cos(n) +cos(Ton)
x[n] = = + cos(—mn) + cos(—n).
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(i) Determine the system function (system’s eigenvalue) H(z) and its fre-
quency response H (e?™);

(ii) Compute the output of the LTT system for the input z[n].

6. Read Section 9.7-3, and complete the problem 9.7-3 in LSS.



