Problema 1.44

Considere la sefial sinusoidal :  X(t) = Acos(at +¢)
Determine la potencia media de x(t)

X(t+T)=Acos[o(t+T)+d]=Acos(at+o¢+To)=>To=2r=T =2—”
(4]
. _1 T2, W (rle )
Potencia P =— j_mx (t)dt_g LmA cos’ (ot + @)dt
Ao rio | Ao prlo Ao 1 z
P=—+ —|l—cos2(at +¢)|dt =—— dt ————sen2(wt +¢)|?
Ll (ot +g)Jdt ==~ " dt—=—_—sen(at+9) 2
2 2 2
P:Z Ao [sen(27z+¢) sen(— 27r+¢)]—
2
-2
2

Problema 1.64

1.64 The systems that follow have input x(#) or x[n] and
output y(t) or y[n]. For each system, determine
whether it is (i) memoryless, (ii) stable, (iii) causal,
(iv) linear, and (v) time invariant.

(@) ¥(t) = cos(x(t)) (g) y[n] = cos(2mx[n + 1]) + x[n]

d
(b) y{n] = 2x[nlufn] (h) y(r) = S-{ex(n)}
(;) V["] logm Ix[n ' 1) (i) y() ==(2 1)
¢ d‘*"“’ (k) y(2) = x(t/2)

0 ¥ = M) y[n] = 24[2"]
1.64 Memorvless Stable Causal Linear Time-invariant

(a) v v v x v

() v v v v v

(c) v v v X v

(d) X v v v v

(e) X v X v v

(6] X v v v v

(2) v v X X v

() X v v v v

Q] X v X v v

() v v v v v

(k) v v v i v

o)) v v v X v




Problema 1.65

1.65 The output of a discrete-time system is related to its

input x[n] as follows:
y[r] = apx[n] + a;x[n — 1]
+ ayx[n — 2] + asx[n — 3].

Let the operator $* denote a system that shifts the
input x[n] by k time units to produce x[n — k].
Formulate the operator H for the system relating
y[n] to x[n]. Then develop a block diagram repre-
sentation for H, using (a) cascade implementation
and (b) parallel implementation.

Problema 1.65

S re(m)y = x(n—k)
We may then rewrite Eq. (1) mn the equivalent form

vln] = ayx[n] —alSl{x[n]}—asz'E{x[n]}—a3.93{,r[13]}
= ((.f0+(x151+(1282+(.1353){x[n]}
= H{x[n]}

where

1 2 3
H = ay+a;S a5 +a;s

(a) Cascade implementation of operator /7:

x[n]

¥[#]




Problema 1.76

1.76 A linear system H has the inpur-output pairs de-
picted in Fig. P1.76(a). Answer the following ques-
tions, and explain your answers:

{a) Could this system be causal?

(b} Could this system be time invariant?
{c) Could this system be memoryless?

(d) What is the output for the input depicted in
Fig. P1.76(b)?

x(1) »in

Problema 1.76

1.76  H, is representative of an integrator, and therefore has memory. It is causal because the

output does not appear before the input. It is time-invariant.

H, 1s noncausal because the output appears at 7 = 0, one time unit before the delayed input
at 1 = +1. It has memory because of the integrating action performed on the input. But,
how do we explain the constant level of +1 at the front end of the output, extending from
t=0to ¢ = +1? Since the system is noncausal, and therefore operating in a non real-time
fashion, this constant level of duration 1 time unit may be inserted into the output by
artificial means. On this basis, /, may be viewed as time-varying.

Hj is causal because the output does not appear before the input. It has memory because of
the integrating action performed on the mput from 7 = 1 to ¢+ = 2. The constant level
appearing at the back end of the output, from 7 = 2 to 7 = 3, may be explained by the
presence of a strong device connected in parallel with the integrator. On this basis, A3 1s

time-invariant.
Consider next the mput x(f) depicted in Fig. P1.76b. This input may be decomposed into

the sum of two rectangular pulses, as shown here:

x(f) x4(1) x5(1)

[
=]
]




Problema 1.76

Response of H; to x(7):

Y140 yi5(1) 0]
2 2 2
+ _
1 1 1
0 1 2 P 0 1 2 P 0 1 2 ¢

Response of H; to x(1):

Yol

The rectangular pulse of umt amplitude and umt duration at the front end of v(f) 1s
wserted m an off-line manner by artificial means

Response of /; to x(1):

e}
Y14 A
i 2
1
1 L
[} 1] 1 2 3t
4.25. Consider sampling the signal z(¢) = ﬁ sin(27mt).
(a) Sketch the FT of the sampled signal for the following sampling intervals:
O T=4
(i) 7. = %
1 . 1, |o<W
(iii) To = & X(t) = — sen(Wt)—"—> X (jo) = { o
(iv) T, =2 t 0,en otro caso

In part (iv), aliasing occurs. The signals overlap and add, which can be seen in the following figure.

Fiot of FT of the sampied signal
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Transformadas de z basicas (1)

Senal Transformada ROC
1 _ = n
X[nN]=——¢X(2)z"'dz | X[z]= ) X[n]z
e )
o[n] 1 Toda z
1
1
a’u[n] —az’ 2> e]
az™
1-2"cosQ,
[cos(€2,n)Ju[n] 220050, +7° |z|>1
z7'senQ,
N 1-2"'rcosQ,
[r” cos(€2;mu[n] 1-2"'2rcosQ, +r’z”” |Z| -
N z7'rsenQ,
[r"sen(Q,n)Ju[n] 2 2rcosQy, + 1777 |z|>r

Transformadas bilaterales para sefiales que son
distintas
de cero para n<0

Senal Transformada bilateral | ROC

u[-n—1] 1—121 \z\ <1
—a"u[-n—1] 1_;21 2| <e]
—na"u[-n-1] # 2] <lef




Propiedades de la transformada z

Sefal Trans_formad Tran_sformad ROC
a unilateral | a bilateral
X[n] X(2) X(2) R,
y[n] Y(2) Y(2) R,
ax[n]+by[n] | aX(z)+bY(z) | aX(z)+bY(z) | al menosR, "R
X[n-K] 27X (2) Ry excepto posibl.para
ox[n] X(z/a) X(zlo) lolR,
x[-n] no X(1/z) 1/ R,
x[n]*y[n] X(Z)IY(Z) X(,Z)Y(Z) al menos R, N Ry
nx[n] ot E X@) -7 E X@) Rx excelpto posibl.dEn la suma
0 eliminacién de z=0

X[N—Kk]«2o X[-K]+ X[k +1]27" +- -+ X[-1]27*" +27X(2), Vk > 0
X[n—k]«2——x[0]z" = x[1]z2*" —--- = X[k = 1]z + 2" X(2) , Yk > 0

Problema 7.17d
7.17. Determine the z-transform and ROC for the following time signals: Sketch the ROC, poles, and

zeros in the z-plane.

(d) z[n] = (3)" (u[n] — u[n — 5))

1. 5
_ 1 (zl-' Y)
1- :1.:—1
.5 135
* - (3)°]
= AG_L all =
4 poles at z=10, 1 poleat z =10
T Im
5 zeros at z = 36/ k=10,1,2,34 Je
Note zero for k& = 0 cancels pole at z = %L .
Q" ré\(,};}j -",




Problema 7.17f

zeros in the z-plane.

(f) 2[n] = 3"u[-n — 1]

1
X(z) = Z [:3.:_1)n

7.17. Determine the z-transform and ROC for the following time signals: Sketch the ROC, poles, and

mn o0
n=1
%3 Im
— - i N
1 - 3%
-1
= ': { 3 [T~
[ 3.1 -
4 i
Pole at z =3 % A
Zeroat z =10

Problema 7.179g

zeros in the z-plane.

(g) z[n] = (%:ﬂﬂl

7.17. Determine the z-transform and ROC for the following time signals: Sketch the ROC, poles, and

_5. 9
6" .
= — < |z = =

N 3. PR - |

(z—5)=z—-%) 3 Im
e W
P TR 2
b R N 2
R R
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Problema 7.18
7.18. Given the following z-transforms, determine whether the DTFT of the corresponding time signald

exists without determining the time signal, and identify the DTFT in those cases where it exists:

1
>3

() X(#) = =t
I:

ROC includes |z| =1, DTFT exists.

a 5
X(‘f"] ] = —3 0
) 1+ %4.’_39
A T
(b) X(2)= frerm 2] < 3
ROC does not include, |z| = 1, DTFT does not exist.
(€) X(z) = = 2] < &
ROC does not include, |z| = 1. DTFT does not exist.
(d) X(z) = — 3 <zl <3
ROC includes |z| =1, DTFT exists.
e

X = . .
(™) (1 Le72)(1 + 3e799)

Problema 7.20b

7.20. Use the tables of z-transforms and z-transform properties given in Appendix E to determine the

(b) z[n] = n ((3)" uln] * ()" uln —2))

z-transforms of the following signals:

o
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272
e[n] = b[n — 2] C(z) = T
. d
r[n] = nfa[n] * b[n]] - X(2) = —.:E_-—'l[:]Bt z)
_ 2272 _ 8,3
X(z) — - —, |z| > =




Problema 7.20d

7.20. Use the tables of z-transforms and z-transform properties given in Appendix E to determine the
z-transforms of the following signals:

(d) z[n] = nsin(Fn)u[—n]

z[n] = —-n.sin{—gn}u[—n]
d z~1
Xz) = —z2—|——=
) dz (1—!—:‘2) L1
_ _ 2 2~ 1(—2z7%)
T4+ (142722 || .
z 223
R ey
Problema 7.25

7.25. Determine the time-domain signals corresponding to the following z-transforms:

(a) X(2)=1+228+4-"% |2/>0
xz[n] = d[n]+2d4[n — 6]+ 4d[n — 8]
10 1
(b) X(2)=>i_s %S_k. |z| >0 z[n] = Z Eﬁ[n — k]
k=5
() X(z)= (142713, |2|>0

o
N
I

(d[n] + &[n — 1]) # (8[n] + &[n — 1]) * (d[n] + é[n — 1])
z[n] = d&[n]+38n— 1]+ 3d[n — 2] + §[n — 3]

(d) X(2)=285+224+3+2273+27%, |2/>0

xz[n] = [+ 6]+ dn+ 2]+ 30[n] + 25[n — 3] + 6[n — 4]




Problema 7.28

7.28. Use a power series expansion to determine the time-domain signal corresponding to the following
z-transforms:

(2) X(2) = —h=r o> 1 X(2) =5§%”W

z[n] = Z(%]kﬁ[n — 2k]

o —

ke
_ %)T n even and n > 0
n odd

(b) X(2) = ===, |2l <}

X(z) = —422) (22)*
k=0
_ i 92(k+1) ,2(k+1)
k=0
afn] = = 22064 2(k +1)]
k=0

Problema 7.34
7.34. Determine whether each of the systems described below are (i) causal and stable and (ii) mini-
mum phase, 3
— _ 2243 zero at: Z=—z
(a) H(z) = iy 2
oles at: Zi= —E 1
potes b 11

(i) Not all poles are inside |z| = 1, the system is not causal and stable.
(ii) Not all poles and zeros are inside |z| = 1, the system is not minimum phase.

(b) y[n] —yln —1] — Ly[n — 2] = 3x[n] — 22[n — 1] zeros af: z=0, %
1++2
poles at: z=

(1) Not all poles are inside |z| = 1, the system is not causal and stable.
(ii) Not all poles and zeros are inside |z| = 1, the system is not minimum phase.

(c) y[n] — 2y[n — 2] = z[n] — Lz[n — 1] H(z) = L_%)
y yln a[n] — 32 S
1

kS =0, =

Zeros a z2=0, 3

poles at: z=4v?2

(i) Not all poles are inside |z| = 1, the system is not causal and stable.

(ii) Not all poles and zeros are inside |z| = 1, the system is not minimum phase.

10



Problema 7.00
Se considera que la demanda (d), en el mercado de automdviles, aumenta/disminuye
linealmente al disminuir/faumentar el precio (p) de los automoviles, ecuacion (1), y
que el nimero de automoviles que los constructores deciden fabricar (r) aumenta/
/disminuye linealmente al aumentar/disminuir el precio de los automoviles, ecuacion (2)
d(kT)=d,—apKkT) @)
r(kT)=r,+bpkT) (2)
siendo d,, a, r, y b constantes positivas
Si se supone que el comportamiento de la demanda y la orden de produccion de auto-
moviles se renueva cada semana (periodo de muestreo), y que el tiempo medio en
fabricar un automovil (c) es de dos semanas, determinar :

1. El esquema de bloques en z que relacione los automéviles fabricados en funcién del
precio, y el esquema de bloques que relacione la demanda de automoéviles en
funcion del precio.

2. Sila demanda es igual al nimero de automéviles fabricados para cualquier instante
de tiempo, deducir cual es la ecuacion en diferencias del precio. ¢ Es estable el
precio de los automoviles, y en qué condiciones?. Predecir el precio de los automé-
viles las préximas 5 semanas, si el precio actual es de 1.200.000 Ptas y la semana
pasada era de 1.100.000 Ptas, tomando los siguientes valores numéricos:

d, = 2.400.000
r, = 1.300.000
a=205
b =04
Problema 7.00a N e B
1" |

b d(KT) =d, —ap(kT)—> D(z):(ijdo—aP(z)

r(KT)=r, +bp(kT)—2>R(z) = (ijr‘) +bP(2) e

c(kT)=r[(k-2)T]—->C(z) =2*R(2)

2) d(kT)=c(kT) (3) o
(1.,(3)=d, —ap(kT) =r[(k-2)T]=r, +bp[(k —2)T]

ap(kT)+bp[(k —2)T]=d, —r, ——>aP(2) +bz *P(2) = (d, - rO)Z%
(a+bz )P(2) = (4, ~1,) ~—
z-1

P(z)= ¥72(d0 - rO)i independientemente de la sefial de entrada la
a+bz z-1

- - i} [ a a.
ecuacion caracteristicaes a+hbz? =0= polos:z =+ oy :i\/g]

b<a sistema estable
b=a sistema marginalmente estable

11



Problema 7.00b

pl(k—2)T]

d-r. b 2.400.000-1.300.000 0,4
kT)=——2——plk-2)T]= -
p(KT) ==t ap[( )T] 03 05

p(KT) = 2.200.000— 0.8 p[(k —2)T]

p(=1T) =1.100.000

p(0T) =1.200.000
p(IT) =2.200.000 — 0.8 *1.100.000 = 1.320.000
p(2T) =2.200.000 — 0.8 *1.200.000 = 1.240.000
p(3T) = 2.200.000 — 0.8 *1.320.000 = 1.144.000
P(4T) =2.200.000 — 0.8 *1.240.000 = 1.208.000
p(5T) = 2.200.000 — 0.8*1.144.000 = 1.284.800




