EEE4114F': Digital Signal Processing 1 (6 marks) The input signal

1 0<n<9
Class Test zfn] = ="=
0 otherwise
19 March 2017 is applied to a system with impulse response

hin] = (1/3)"u[n].

SOLUTIONS

Find and plot the values of the output signal y[n]| over the range n = —4 to n = 4.

Since the input can be written as z[n] = u[n] — u[n — 10], the output will be
Name: y[n] = hln] x z[n] = h[n] * (u[n] — uln — 10]) = g[n] — g[n — 10]

Student number: with g[n] = h[n] * u[n].
Now

gl = 3 hlkuln—K = 3 ],

k=—o0 k=—o00
Information where the sum is truncated because u[n — k] = 0 for n — k < 0, or k > n. Since

e The test is closed-book. hlk] = 0 for k < 0 the output g[n] =0 for n < 0. For n > 0 we have
e This test has four questions, totalling 20 marks. " 1—(1/3)»!

gln] = Z (1/3)" = Tio13
e Answer all the questions. k=—o00
e You have 45 minutes. The full step response is therefore

. " . 3 e

e An information sheet is attached. gln] = 5(1 —(1/3)" Yun).

Since g[n — 10] = 0 for n < 10 it has no effect on the output values over the range
specified, so it is easy to find and plot the required values of y[n].



2. (5 marks) A sequence z[n] has a zero-phase DTFT X (e/“) given below: 3. (5 marks) Consider the discrete LTI system represented by

X (ev
L ) vl = o] — ol 1
— 73 /3 —w where z[n] and y[n] are the input and output respectively.
(a) Determine and plot the impulse response h[n|. Is the system stable?
Sketch the magnitude and phase of the DTF'T of the following sequences: ) )
(b) Determine and plot the step response corresponding to z[n] = u[n].

(a) yin| = z[n —1J.

(b) ya[n] = z*[-n]. (c) Find H(e’*) and plot its magnitude.

(d) Determine and plot the response to the input z[n] = (—1)".

(a) The transform satisfies Y7 (e’*) = e79“ X (e/*). Since X (e/*) is zero phase we have

[Y1(e7¥)| = X (e7*) and £Y;(e?*) = —w, plotted below. (a) The impulse response h[n] is the output when the input is z[n] = d[n], so
(b) The transform is as follows: h[n] = d[n] — d[n — 1]. Since 3577 [h[n]| = 2 < oo the system is stable.
_ oo _ oo _ (b) When the input is z[n] = u[n] then the output will be y[n] = u[n] — u[n — 1] = d[n].
V() = Z z*[-nle”" = Z z*[mle/™ (c¢) The frequency response is
n=—oo m=—oo
= ( 3 g;[m]e—fwm> = X*(e%) = X (%), H(e)= > (0[n] = d[n—1])eom =1 — e = e I/2(9/2 — e7I9/2)
m=—o00 n=-00
. _os,—jw/2 o
where the last step is true because X (e/%) is real. = 2je 7 sin(w/2),
jl ) so |H(e7)| = 2/ sin(u/2)].
. . (d) The response to z[n] = (—1)" = /™ will be y[n] = H(e/™)e/™ = 2e9™" = 2(—1)".
— —m/3 /3 x 7
4n/3 LY1(e9%)
/3
- —m/3 7T “
1
*‘ [Y2(e”)]
—177 —7/3 /3 7r1 w
1m/3 LYa(e?*)
- —m/3 /3 =




Discrete-time Fourier transform properties

4. (5 marks) A system has impulse response h[n] = (1/2)"u[n]. Determine the input
x[n] to the system if the output is given by y[n] = 2§[n — 4]. Explicitly state T S O AT T —
regions of convergence for any Z-transforms. azln] + byln] aX(e19) + bY (1) Lincarity
zln — ngl eTIWNd X (eIW) Time shift
&390 5 [n] X (ed(w—wo)) Frequency shift
z[—n] X(e7Iw) Time reversal
naln] j L‘:’jw) Frequency diff.
@[n] * y[n] X(e—Iwyy (e=dw) Convolution
z[n]y[n] o [T X(eI0)y (9@ )ap Modulation

The system function is
1

HE) = 15

Common discrete-time Fourier transform pairs

Fourier transform

with ROC |z| > 1/2. The output is
Sequence
— 8[n] 1
Y(z) =2z 4 5[n — ng) e—dwng
1 (—oco <n < o) TR _ oo 278 (w + 27k)
. n 1
for all z. The input can then be found to be atulnl (lal <1) 1 ae—J@
uln] 7175171w X wo(w + 2mk)
Y(2) 4 1 _a _5 (n + Da"uln] (lal < 1) Ty
X(z) = =22""(1-1/2z"")=2""—2 ¢
H(z) sin(wen) X(edwy = 1! lwl < we
o 0 we < |w| <7
with ROC the entire z-plane, so the input is o] =" OsnsM sinfw(M+41)/2] ,—jeM /2
0 otherwise sin(w/2)
cdwon TR 2ms(w — w + 27k)
4] — é[n — 5). =
Z-transform properties
Sequences x[n], y[n]  Transforms X(z), Y (z) ROC Property
ax[n] 4 by[n] aX(z) + bY (2) ROC containsRg N Ry Linearity
zln — ngl 2d X () ROC = Ry Time shift
2P aln] X(2/20) ROC = |20|Rq Frequency scale
z*[—n] X*(1/2%) ROC = 1%, Time reversal
naln] —z%? ROC = Ry Frequency diff.
z[n] * yln] X(2)Y (2) ROC containsRy N Ry Convolution
z*[n] X*(z*) ROC = Ry Conjugation
Common z-transform pairs
Sequence Transform ROC
5[n] 1 Al =
w[n] #f 2] > 1
—u[—n — 1] —1—1_;, lzl <1
5[n — m] mm All = except 0 or oo
a™uln] =T 1zl > la]
—a"u[—n — 1] T as-T [z] < |a|
na"uln] 7“7“:;71)2 [z] > |al
—na"u[-n — 1] 7(1:;:1)2 Iz] < lal
{a" osnsN-1, 1-aNeN >0
0 otherwise l—az
cos(wgmn)uln] MEIL, J2] > 1
0 T=2cos(wo)= T 42=
1—r cos(wn)z ™ 2> 1ol

™ cos(wgn)un
>s(won)uln] 1—2r cos(wg)z— 141222







