ECE503 Homework Assignment Number 1

Due by 8:50pm on Monday 23-Jan-2012

IMPORTANT: Please place your ECE mailbox number on all homework assignments. Your
ECE mailbox number can be found on the course web page.

Make sure your reasoning and work are clear to receive full credit for each problem. Points will
be deducted for a disorderly presentation of your solution. Please also refer to the course academic
honesty policies regarding collaboration on homework assignments.

This assignment should be largely review from material you learned in an undergraduate
discrete-time signals and systems course like ECE2312. It is recommended that you skim over
all of the problems in Chapters 2 and 3. Most of the problems in these chapters should be straight-
forward with the background of an undergraduate course in discrete-time signals and systems.

1.
2.

4 points. Mitra 2.4.

3 points. Mitra 2.30. You can/should use Matlab to confirm your answers are correct at least
for some particular choices of a.

. 4 points. Mitra 2.47. You can/should use Matlab here to confirm your answers are correct.

. 4 points. Mitra M2.4(a). Please be sure to comment your Matlab function. To generate a

figure that looks exactly like Figure 2.22 in Mitra, you can use the command subplot(4,2,n)
which generates a 4 x 2 array of little plots and puts your next plot in the nth position.

. 3 points. Mitra 3.15.

3 points. Mitra 3.61.

4 points. Mitra 3.66.



I, Mitra 2.4y

G The structure of Figure P2.1(a) is a cascade connection of two second-order structures.
- Reversing their order we arrive at the equivalent representation shown below:
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Analyzing the first section we obtain v{r] = pyxin}+ pyxln - 1]+ pyxln -2). Analyzing
the second section we arrive at y[n]} =v[n]-d,y[n-1]- dyyln -2], or equivalently
vlnl = ylnl+dyln - 1]+d,yln - 2]. Substituting the expression for v[n] derived from
the analysis of the first section we arrive at the input-output relation of the structure of
Figure 2.1(a): y[n]+d,yln -1]+d,yln - 2] = pyxinl+ pyxln =1]+ pyxln -2].

(b) The structure of Figure 2.1(b) is precisely the figure shown in the solution of Part (a)
given above. Hence, the input-output relation of the structure of Figure 2.1(b) is also:
yln]+dyln-11+d,yln - 2] = poxlnl+ pxln - 1]+ pyxin -2].

(c) Figure 2.1(c) with internal variables labeled is shown below:
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Analyzing the above figure we arrive at
uln] = A[O)(x[n]+ B x[n =1]+ By xln - 2D,
vinl = uln]+ Bpuln -1]+ Bypuln -2),
ylnl =v[n]+ Bizvln —11+ frpvin -2).
Substituting the expression for v[n] in the last equation we arrive at
yln) = (uln) + B uln ~ 1)+ By uln =2))+ By (uln -1} + Bpuln =21+ Byuln - 3D
+ Byy(uln =2]+ Byyuln - 31+ Bypuln - 4))
= u[n]+ (ﬁ12 + Bm)u[n =1]+(By + ﬁ12ﬁ|3 + 623)“[’2 -2]
+ (By3Byy + ByaPrp)uln = 31+ Byafpguln — 41.
Finally, substituting the expression for ufn] from the first equation in the above equation
and after some algebra we arrive at the input-output relation of the structure of Figure 5, (¢)v
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yln = KO x{n1+ By + By + Bi)*ln -1))
+ HOYByy + BBy + By + BiaBis+ BB+ B )rin -2]
+ hl‘o](ﬁl 1Boa + By1Bia * BraBys + BiBiabis+ Bnfis + BBz + By 11323)"[" -3l
+ hlol(ﬁzxﬁzz + By ByaBi3 + B1BrBis* BuiBioBis + Prabay + BiiBrafas + ﬂzlﬁn)x[" -4
+ hl’o](ﬁzlﬁzzﬁw +By1Brba3 + ﬁzlﬁlzﬁza)x[” -3l
+ h{O) ByyBypBy3)In -6,

(d) Figure 2.1(d) with internal variables labeled is shown below:
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Analyzing the above figure we arrive at
a[n] = h[0)(x[n]+ x[n - 6]),
b{n] = A[1}(x[n = 1)+ x[n =5]),
c[n] = h12)(x[n - 2]+ x[n - 4]),
d|n) = h[3]x[n - 3].
We thus have
y|n] = aln]+b[n]+c[n]+d[n]
= h|0)(x[n]+ x[n - 6]) + A[1}(x[n =11+ x[n - 5D
= h[2)(x[n - 2]+ x[n - 4]) + A[3]x[n - 3].



2. Midya 2.2

[+~ o] @
(a) xj[n]=a"uln -1]. Now, E|x2[n]’= Ea" = zlal" =1 I—Oila| <o, since of <1.
N==00 n=l ns=l|

Hence, x,[n] is absolutely summable.

(b) x,[n] = & p[n - 1]. Here, ilxz[nﬂ: Elnanl = Y nlof" =

2
n=-o0 n=l n=1 a _Ia,

laf

< 0, since

]a|2 <1. Hence, x,[n] is absolutely summable.
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(¢) x3[n]= "za”#ln —1]. In this case, 2lx3[n]| = 2,”20‘"' - Enzla'n
N=—0o nal n=|
=la]+22|af + 3%of + 42af* ...
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Hence, x3[n] is absolutely summable.
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% Mitra problem 2,30

% numerical verification for particular values of alpha

% DRB 16-Jan-2012

% user parameters below
alpha = 0.9;

N = 300;

W mececemcceececcceccceemmac—naa
n = Q:N;

X1 = (alpha.”n).*(n>=1);

X2 = n.*(alpha.”n).*(n>=1);

x3 = (n.”2).*(alpha.”n).*(n>=1);
z1 = cumsum{abs(x1));

22 = cumsum(abs(x2});

z3 = cumsum(abs(x3));

plot(n,z1,n,z2,'--",n,z3,"'-.");
xlabel('sample index (n)');
ylabel('sequence value');

grid on

legend('sum(abs(x1)}’, 'sum(abs(x2))", 'sum(abs(x3))');

% length of sequence to generate (N+1 elements)

% compute the cumulative sum of the absolute values
% compute the cumulative sum of the absolute values
% compute the cumulative sum of the absolute values

1800 T 4 -
‘ : PRIy JUPRP PRV PRI, Jy - sum{abs{x1))
P : : : - - - - sum(abs(x2))
1600 i : : N R sum{abs(x3))
1400 F--ceovvvnnnn ;ng ................. ; ................................... $reeeenneenciienes goreeneranananns -
o i . . .
P : : : :
1200 Feeeeeenns H ..... ; ................. ?.“.“.“.“.“.%.“.n.“.n.“.g.".“.n.”.“.é ................ 4
e ; : :
é 1060 F--- -0t [reeanes foreereeseninne DLt LOTTTITCIILTLIITY SPRTITTPYPRRIITS feiriennrierian, -
@ i : :
b ' : : : : :
% 800 }------- } ........ g ................. gn.".n.".n.“iu.“.“.".n."én.n.".u.“.ué ................ -
Q ) . . - : .
L] . .
N : :
111§ SETTRRS PYRPIPPION § ................. : ................. Lraveecsianeiiias Loessenienaienn forreeniieeennn, -
» f ; ; : : :
400 F---deenrinnnnnn Terereriicennaeen, L -
! : : : : :
d : : : : :
200 - ieveeeneenns feracnarnnienns TIPS SN DRSS frnrreenenen: _
O I SO R S RO Fommeeen
00 50 100 150 200 250 300
sampleindex(n)
>>z1(end) =9.0000
>>z2(end) = 90.0000

>>z3(end) = 1.7100e+03



3, MAva 247

In this problem we make use of the identity 8{n - m]®8[n-r]=d[n-m-r].
(a) yiln]l=x[n]|®h[n]

= (261 - 11-208[n +11)®(-5[n - 2] ~1.58[n] + 5[ + 3])

= -28[n - 11®8[n 2] - 36[n - 1]®8[n] +25[n - 1]®5[n + 3]

+20[n +11®8[n - 2]+ 38[n +1]1@[n] -26[n +1]® [n + 3]
= =20|n - 3]-38[n -1]+26[r +2]+28[n - 1]+ 36[n +1] - 26[n + 4]
==20|n - 3]|-6[n - 11+ 36[n +1]+26[n + 2] -26[n + 4].
(b) yalnl=x3(n]@®hy[n]

=(361n - 2] - 8[n))®(35[n - 3]+ 28[n - 1] - 8[n +1))
=98n -2]®[n - 3]+68[n - 2)®8[n - 1] - 38[n - 2]@5[n +1]
- 38(n]®d[n - 31-25[n}®[n - 1]+ [n]®S[n +1]
=98[n -5)+68[n - 3] - 38[n - 1] - 38[n - 3] - 28[n = 1]+ 8[n +1]
=98]n -5]+30[n - 3]-58(n ~ 1]+ 8[n +1].
(©) y3lnl=x[r]®hy[n]
=(26[n - 11-26[n +11)®(35[n - 3)+28[n - 1] - 8[n +1))
=66[n -1]®8[n - 3]+ 48[n - 1]®S[n - 1]-28[n - 1]® 8[n +1]
-68[n +1]®5[n - 3] - 48[n +11®8n - 11+ 25[n +1]®8[n +1]
=60[n - 4]+4d[n -2]-206[n] - 66[n -2] - 46[n)+26[n +2]
=66|n - 4]1-20[n - 2] - 65[n]+28[n +2].
(d) yalnl=x3(n}®hy[n]
=(36]n -2] - 8[n))®(-5[n - 2] - 1.58[n] + 8[n + 3])
= =30[n -21®8[n -2] - 4.55[n - 2]1®5[n]+ 38(n - 2]®8[n + 3]
+08[n)®d[n -2]+1.58[n]®8[n] - 6[n]@®8[n + 3]

=-36[n -4]-4.56[n -2)+38[n+1]+8[n -2]+1.56{n] - 8[n + 3]
=-30[n-4]-3.56[n -2)+1.58[n]+ 36[n +1]-d[n + 3].



>>» X Mitra problem 2.38
% DRB 16-Jan-2612

X1 = [-2 @ 2]; % note this is delayed one sample from the x1 specified
x2 = [-1 @ 3];

hli = {100 -1.5 @ -1]; % note this is delayed three samples

h2 = [-1 8 2 @ 3]; % note this delayed one sample

yl = conv(xi,hl)

y2 = conv(x2,h2)

y3 = conv(x1,h2)

y4 = conv(x2,hl)

yl1 =

(sWk* 143 samples)
-2}

{1 0 -5 ) 3 ) g\§ (5\\';-“— 0+ | gﬁmp‘(,?)

y3 =
{2 e 6 o -2 @ 6} (shifr 11 Samples)
y4 = Wit 0+3 Samples )
{-1.9990 e 3.e000  1.5000 e -3.5000 0 -3.eeae}

.



% Mitra Problem M2.4(a)

% DRB 16-Jan-2812

Y e m e e e mcmaccmcmee————————
% user parameters

L = 40; % length

wo = [0 0.1%pi 0.2*pi 0.8*pi 0.9*pi pi 1.1*pi 1.2*pi]; % normalized freg

A= 1.5;
phi = pi/2;

mytitles = cell(length(w®));

mytitles{1} = '\omega_® = @';
mytitles{2} = '\omega_0 = 0.1\pi’‘;
mytitles{3} = '\omega_@ = 0.2\pi’;
mytitles{4} = '\omega_0 = 9.8\pi’;
mytitles{5} = '\omega_0 = 0.9\pi’;
mytitles{6} = '\omega_@ = \pi’';
mytitles{7} = '\omega_0 = 1.1\pi';
mytitles{8} = ‘\omega_6 = 1.2\pi';
n = 0:L; % sample indices
i1 = 9;
for w = wo,

i1 = il1+1;

subplot(4,2,i1);

stem(n,A*sin{w*n+phi));
axis([e L -2 2]);
xlabel('time index n');
ylabel(‘Amplitude');
title(mytitles{i1})

end
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5 Mmire 315
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x{n] = Aa" cos(wgn + p)u(n] = Aa”[

= %e-"‘ﬁ(a e/?0 )n uln]+ %e"j ¢(a e~/®0 )n pln]. Therefore, the DTFT of x{n] is given

by X(e/?) =§ej¢ . — 4 —¢

G Mitvie 2.6

Since the continuous-time signal x,(?) is being sampled at 3.0 kHz rate, the sampled
version of its i-th sinusoidal component with a frequency F; will generate discrete-time
sinusoidal signals with frequencies F;+3000n, - < n <. Hence, the frequencies Fj,

generated in the sampled version associated with the sinusoidal components present in
are as follows:

Fy =300 Hz = F},,, = 300,2700, 3300,... Hz
F5 =500 Hz = F,,, = 500,2500, 3500,... Hz
F3 =1200 Hz = F3,,, =1200,1800, 4200,... Hz
F4 =2150 Hz = F,, = 850,2150,5150,... Hz
Fs = 3500 Hz = F,, =500, 3500,6500,... Hz

After filtering by a lowpass filter with a cutoff at 900 Hz, the frequencies of the
sinusoidal components in y,(7) are 300,500, 850 Hz.
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