PROBLEM 7.1*:
In the cascade connectioof Fig. 1, Systems #1 and #2 are described by a difference equation and an impulse response:

yin] = 3x[n] + x[n — 1]+ 3x[n—2]  and  hy[n] = 38[n — 1]+ 8[n — 2] + 35[n — 3]

Notice that the two filters are nearly identical: Filter #2 is a delayed version of Filter #1.

(a) The frequency response sequeride(e!?), of the first system is:

Hie®) = J +e710 4 1e7120 = g71® (%ej‘;’ +1+ %e‘j‘?’> =e 1% (14 cogd))
(b) The frequency response sequertdg(el?), of the second system is:
Ha(el?) = le710 4 g7120 1120 — g7]20 (%ej‘b +1+ %e‘j‘?’) =712 (14 cogd))

Thus the frequency respondg(el®), of the overall cascade system is:

H(el®) = Hi(el®) Ha(e?) = e 1% (1 + cog®)) & 1% (1+ cosd)) = 1% (1 + cog@))”

(c) The plot of the magnitude and phase of the frequency response of the overall cascaded system is below
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(d) When the input to this system is
x[n] = 5+ 3cogin(n — 1))

we evaluate the frequency responseé at 0, %n to determine the output signal[n].
atd =0, H(Ee?|,_,=e1%(1+ cos(c?)))2 -2

i : 2 .
o=n/3 = e*J37T/3 1+ COST[/3))2 —ea 7 (1+ %) — 225077 — _295

atd = In, H(E?)

Thus the output signal is:
y[n] =5 x 4+ (3 x 2.25 cog3n(n — 1) — w) = 20+ 6.75cog37n — 47/3)

This formula fory[n] is valid over the range-co < n < co.



PROBLEM 7.2*:
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PROBLEM 7.3*

23 y[n] = =8[n-4] # sln-5] + 4 §/n~4]

136 p= —co Moo

hin) = Yo ol

Xﬂ]:C/ C, ¢ & (G &G G &G G &G
Cla Gh Gl % % %4 % B4 Gh Gk
Ca CI Ci C, CQ C—l C/ C&

,2é;_241£/& /2 Ch Cdz Sh Gh G U
Y] =61 G @) 61a) G1a) [ 19)64) - -

4w Jw 5@
236) #67%)= k7 (27
Ew . LA
- + w -
=ef i—'&; t] +35e ]
—JE5Ww A nag
=7 [/‘/‘CJ’\LZL{/»] ¢ ™
:' £ -
1
A
0“”’ _PD:% Liz - W
-2
-
7 -

7.3(4) x[n] = 361" +Qm(ag,>5w,,)%w
dore are Ly componenla in X [1)
3[/)’,%/"//6 Ww”;

W ; WJ o WW
/“7/% 73/¢> l?@r% WM/W
flw=o. 6251 = ‘ 5(0 60?5?)[/ + csa (0 5,25/%}]

7%‘% 729

X,[h] = ;Z[d:é/73> 0&@[&6157/"/; + 1327

C/.Il



ECE2025 HW#7 Sprmg 2004 A

b -5 bw
Z4() 74@; ) 9\@2 + o7 +T‘lz”?

= 5 7 5“’(/ + 9\_& + ie‘;’w) :,g:'?(}- (/‘i WQ}

'7‘
X[;t) oot Y = coalr 1 +9)

e moprilide f Nir) md So, =l <o
me O, and.. b= =0T

7“5

Page / of 7

= B tsbos Lfs= #lz q004s,
k()= coo[400nZ]

LAE) x(#) = 99 +88 con(500mD)
s gwx[n] 79+ 88 con (20

H( = &2 - 4 (/+m%-’—j:d;£/7e—

(& =0)= [/7‘/) =L

X(2) = 79(2) + 89(617) con (50077 - '2"'775’)

= )98 + 54,23 cou (50001 - 261/8)



PROBLEM 7.5*

(a) Write the difference equation that gives the relation between the kjpjiand the output[n].
H(el?) = (1 + e‘j%) (1 + e‘j4”/3e‘j5’) (1 + e‘jz”/3e‘j‘5>
_ (1_|_e—j2(2)) <1+ (e+j2ﬂ/3+e—j2n/3) e i@ +e—j2&))
=1+ 2co92r/3)e 1? + (14 1)e 1% + 2cog2r/3)e 13% 4 g7 14®
—1_e by g2 _ i3 4 ik
The difference equation is
y[n] = x[n] — x[n — 1]+ 2x[n — 2] — Xx[n — 3] + X[n — 4]
(b) Determine the impulse response of this system by using the coefficients of the expressigalfor.
h[n] = 8[n] —8[n — 1]+ 28[n — 2] — §[n — 3] + &[n — 4]

Stem Plot is here
h[n]

index (n)

(c) Ifthe input is a complex exponential of the forxin] = Ae/?el®", theny[n] = 0 for all n, wheneverH (&)%) = 0 for
thatw. Using the factored form ofi (e!/?), we can set each factor equal to zero:

(1+ e—i%) =0 = &=41/2
<1+ e_j4”/3e_j‘b> =0 = d=nm—47/3=-n/3
(1+ e*iz’f/3e*1'f’) -0 —b=n—21/3=7/3
(d) The output of this system when the input is
x[n] =3+ 78[n — 1] 4+ 13¢0%0.57n — 7 /4) for—co<n< oo
can be determined byuperposition
xin] =3 = win=HE%x3=2x3=6
x2[n] = 78[n — 1] = yo[n] = 7h[n — 1]
= 78[n — 1] — 78[n — 2] + 148[n — 3] — 78[n — 4] + 78[n — 5]

x3[n] = 1300.57n — 7/4) —> ya[n] = 13‘ H (ej0'5”)‘ cos(0.5nn —n/A+ LH (ej°'5”)> —0

because we have already noted tHae!®) = 0 at& = +/2. Finally, we get
y[n] = ya[n] + y2[n] + ys[n]

=6+ 78[n — 1] — 78[n — 2] + 148[n — 3] — 78[n — 4] + 75[n — 5]



