ECE 315: Signals and Systems
Homework 9

Instructor: Dongsheng Ding

April 27, 2026

This homework is due on 5/4, 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: Fourier transform) Consider the following discrete-time signals:

hd :L‘[TL] = 2I1n|u[_n - 1}’
e z[n] = sin(Fn) + cos(n);
o ali] = (n - Db
n —2<n<2
* @ln} = {O otherwise.

Compute the Fourier transform X (e/*) for each discrete-time signal.
2. (2pts: Inverse Fourier transform) Consider the following Fourier transforms:

o X (/%) = e 7%/2 for jw| < T;

)
o X(e/) = cos?(w);
o X(e/) =3 (-D)ks(w — Zk);
° X(ejw) — e -3

Compute the discrete-time signal z[n] for each Fourier transform.

3. (2pts: Fourier transform properties) Consider the following two discrete-time
signals:
(1) z[n] = 5
(ii) z[n] = d0[n — 1]+ 0[n + 2].



Without explicitly computing X (e/*), apply the Fourier transform properties

to determine whether the Forueier transform has the following quantities:
(i) X(e’™) periodic;

(i) X(e?%) = 0;

(i) J™_ X (eI*)dw = 0;

(iv) X(e’™) is purely real;

(iv) X (e’™) is purely imaginary.

Justify your choices.

4. (1pt: Fourier transform, convolution) Consider a system consisting of the
cascade of two discrete-time linear-time invariant systems with frequency
responses

, 2 — e dw
Hi() = ————
1( ) 1+ %e*ﬂ”
. 1
Ha(e") =

1.—5 1.—42
_ la—jw 1o—j2w
1 26 +4e

tln] s Hi () o Hy(e) | yfn)

(i) Find the difference equation describing the input and output z[n] and
ylnl;
(iii) Determine the impulse response of the overall system.

5. (1.5pts: LTI systems by difference equations) Consider the following discrete-
time causal linear-time invariant system with input z[n] and output y[n| that
is described by a difference equation:

ol + 3uln—1] = aln].

(i) Determine the frequency response H(e/™) of this system;

(ii) Compute the outputs of the LTI system for two inputs: z[n] = 55 u[n]
and z[n] = é[n] — 16[n — 1J;

(ii) Compute the outputs of the LTI system for two inputs with Fourier

=3¢ 7" and X(eMv) =1+ 23w,

transforms: X (e/V) = e
2

6. (1.5pts: LTI systems by difference equations) Consider the following discrete-
time linear-time invariant system with input z[n] and output y[n]:

! [n] — liu[n— 1] and y[n] = %u[n]

.Z'[TL] = 4 9n—1

27U



(i) Determine the impulse response h[n] of this system;
(i) Determine the frequency response H(e’“) of this system;
(iii) Find the difference equation relating the input and the output of this

system.

7. Read Section 9.7-1, and complete the problems 9.1-1 and 9.1-2 in LSS.



