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2.3
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2.4
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2.5

2(2t — 4) = 4](2t — 2u(2t - 2) — (2 — u(2t — 4) — u(2t — 6) — (2t — B)u(2t — 8) — (2t — Nu(2t - 9)
=4(2t - 2Ju(t - 1) — (2t —4)u(t - 2) —u(t - 3) — (2t - 8)ult —4) — (2t — 9)ult — 4.5)]
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2.6
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r(t) = bu(—2t — 2) —u(-2t —4) 4+ 3u(—-2t — 6) — Tu(-2t — 8)
=bu(—(t4+1)) —u(—(t+2))+3u(—(t+3)) — Tu(—(t+4))
Or () =Tu(t+4) — 3u(t +3) +ult +2) — dSu(t 4+ 1)
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2.7
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2.8
a) —4t = — (—4(—t)) so it is odd.

x(t) (blue) and 2(—t) (green)
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b) eIt = e=I=tl 50 it is even (|t| = |—t]).

c) Since cos(t) is even, 5 cos(3t) is also even.

5 ecos(3t)

5 4

4
3 [+
2
1

W+

© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is is protected by Copyright and written permission should be obtained from the publisher prior to any
prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying, recording, or likewise.
For information regarding permission(s), write to:
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



d) sin(3t — &) = — cos(3t) which is even:

sin(3t — %)

WAAPANY
u_q/ va

e) u(t) is neither even nor odd; for example u(3) =1 hut u(-3) =0# —u(3), #u(3).
u(t)

14
—1 v 1

; fa]
£.9 @) fT ;bzﬂ =_J; X, fo Bt 5 % =-x1-4)
()
it Iﬁ r-t)df] fr,mdr—-f (DAt

fwa*
53 f Tid)dd= f [ i) +1, 1)Lt = fz 142

and A= lin 57 f Hbdt= i o f e DT

(€©) X0(0)=-x,(-0)= -x,(0). The only number with a=-a is a=0 so this implies x,(0)=0.
X(0)=x(0)+x4(0)=x(0).
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2.10

(a) Let z(t) be the sum of two even functions r1(t) and za(t). To show that z(t) is even, we need to
show that z(t) = z(—t) for all t. This is easy to show, since z(t) = x1(t) + 29(t) and z(—t) = z1(—t) + zo( 1)
(since to get z(—t) we just plug in —t everywhere for ¢, which amounts to just plugging in —t in ()
and zo(t)). Now since z(t) and ax5(t) are even, by definition #1(t) = z1(—t) and x3(t) = 22(—t) so
21(t) +2a(t) = 2y (—t) + xo(—t) so z(t) = z(-t).

(b) Let x(t) and x9(t) be two odd functions. Then @y(—t) + xo(—t) = —z1(t) + (—2a(t)) = —(21(t) +
xo(t)) which shows that 1 (t) + x2(t) is odd.

(c) Let z(t) = z1(t) + 22(t) as in part a, where now z;(—t) = 21(¢) and 29(—t) = —x2(t). We need to
show that z(t) # z(—t), z(t) # —z(—t). Consider that z(—t) = z(—t) + z2(—t) = 21(¢) — z2(¢). In order to
have z(t) be even, we would therefore need to have x1(t) + 22(t) = 21(t) — z2(t) for all £, which is equivalent
to having ro(t) = —xo(t) for all ¢, which is not possible for nonzero xo(t). Similarly, in order to have z(t)
be odd, we would need to have z(t) = —z(t) = 21(t) + 22(t) = 2a(t) — 21(t), which is not possible for
nonzero r1(t). So the sum of an even and odd function must be neither even nor odd.

(d) Let z(t) = z1(t)xa(t) where z1(t) = z1(—t) and z2(t) = z9(—t). Then z(-t) = z1(—t)xa(-t) =
21(t)xa(t) = z(t) which shows that z(t) is even.

(e) Let z(t) = z1(t)za(t), where z1(t) = —z1(—t) and z2(t) = —za(—t). Clearly z(¢) is even because
Z(—t) = z1(— t) '2(—1*.} = (—1‘1(1}) (—xa(t)) = 21 (t)22(t) = z(t), which is the definition of evenness.

(f) Let z(t) = z1(t)za(t), where z1(t) = —2q(~t
2(—t) = zy(—t)ze(—t) = (—21(t)) 22(t) = —21 (£)22(2)

) and xa(t) = x(—t). Clearly z(f) is odd because
= —z(t), which is the definition of oddness.

2.11
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a(t)

]

[

The plot of z,(t) is determined by z,(—t) = —x,(t), the plot of z.(t) is determined by x.(t) = x(t) — z,(t),
and the plot of z(t) is determined by z(t) = z.(t) + z,(t).

2.12

(a) sin(t) = sin(t + n2r) for any integer n, so 7sin(3t) = Tsin(3t 4+ n2r) = 75111( ) therefore
2(t) 1s periodic with fundamental period Ty = 2“ and fundamental frequency wy = T—"T = 3

(b) sin(&(t + 21) 4 30) = sin(8t + 2 + 30) = sin(8t + 30).
ﬁﬁ"r _ T
wp=8and Ty = 5 = 1.

(c) eﬁ = cos(t) + jsin(t) is periodic with fundamental period 27, so €7 is periodic with fundamental
period T =7, and fundamental frequency wy = 2.

(d) cos(t) = cos(t+n2r) for any integer n, and sin(2t) = sin(2(t+mr)) for any integer m, so cos(t)+sin(2t)
will be periodic with period T if cos(t) 4 sin(2t) = cos(t + Tg) + sin(2(t + T)). This will hold as long as
Ty = n2r and Ty = mr for some integers n and m, and the fundamental period is the smallest value for
which this holds, which is Ty = 27, with fundamental frequency wy = 1.

(e) e?31+7) = ¢i7ei® | So the phase shift of 7 just means a complex constant (constant with 1‘eapect to
tlme) out front and does not effect periodicity of the signal €7*, which has fundamental period T = — = and
Wp = 9.

() =910 a.nd e/15 are both periodic with periods Z,22 and their sum is periodic with period Tj =

o i 515
L(,’U'(E'r 15)— = and wy =5

L oar . ., i i . L ; . o ;
¢~ 110(t+5F) GJISI‘HT) = 0t g—gim 4 o115t e367 and gince e7947 = 1 and /7 = 1 this = =10t 4 @115t
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2.13
(a) periodic, Ty = 27, wp =1
(b) periodie, Ty = 7, wy = 2
(c) not periodic since 1 and 7 do not have any common factors (the only factor of 1 is 1, but since 7 is
irrational, it cannot be an integer times 1
(d) periodic, Ty =12, wp = %

2.14
(a) periodic, Ty = %, wy =4

(b) periodic, Ty = 3, wy = 4

(c) not periodic, since 27 and 6 do not have a common factor

(d) periodic; z(t) has period 2, z5(t) has period 1, and z3(t) has period % so the sum has period

To=LCM(2.1, %) = 12 and fundamental frequency wy = £.

B E

2.15

(a) For a1 (t) 4+ z2(t) to be periodic we need some number T such that o1(t +T) + zo(t +T) = 21(t) + 2a(t)
for all t. This can only be true if 21 (t +7') = 21 (t) and 29(t +T') = 29(t), which can only be true if T = k; T}
and T' = koT5 (T is an integer multiple of hoth the periods). So we need there to be some integers k; and
ky such that ki Ty = kyTy = £ = £,

(b) Put % in its most reduced form < by canceling any common terms in the numerator and denominator;
then Ty = nTy = mT].

2.16
Let u = at so performing u substitution gives:

/%Mm—mgﬁu—@¢= I 6(u—b)sin®(L - 4)

o0 a
[e ']
= sin’(2 — 4)1

».17 By sifting property, ¥(t} = 1/2 x{2) + 1/2 x{-2)
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2.18
(2 X, 8= 24 utd) -h-Nnlt-1) +2(£-2)ult-2)
(b 2<0 , X, i)=0"
0<2<l, U ) ="
<442, X Ut)= 22-42 14 =4-22 7
2<t |, Z,H)=Y-224+24-4=0"

o
ey xi) -'-'-ﬁ%&z A £-AT) = E&I,( £-24)

2.19
(a) z1(t) = btu(t) — Stu(t — 1) +5u(t — 1) — bu(t — 3)
(b)
t< 0, f(t)=0-04+0-0=0
D<t< L1, f(t)=5t—-04+0=0=5¢
l<t< 3, f(l)=56-581+5—-0=45
3< tf(t)=5t—-5t+5-5=0

(c) 25(t) = pe_ oo 1 (t — k4)
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2.20.(a) LT at=1 . f?&u-ﬂa’i fS!TJ d?'
J.fﬁ-ﬁjdr =}5{dé) -5-5&) 4}6

5}-&#@ Qd" = -fd.}i"?-; df fﬂ-l'

fgfat)dt AT
fﬁm ,"i, ==mf5zr)d1"

. § at) L s
b f SO dor = i) = /)£ %r) i.
% 2 L mak'A |

, z
" _j; S(ﬁ'éa)d?' = uld- 1) 5(‘?;1'!3) I

el :S:{wgff'élctt-?/(ta) e &g T

(continued)...
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2.20 (c)
Recall the rules about 111ternat111g delta functions: d(t) is nonzero only at t = 0, so 2(t)d(t) = 2(0)d(t), and
[o 8(tydt =1, s0 [ _z(t)s(t)dt = [*_2(0)d(t)dt = z(0) [°_6(t)dt = 2(0). We can t11119—5h1f1; the delta

function: &(t — tp) is nonzero 01113 at t = fo, so z(t)d(t —to) = z(to)d(t —to) and f d(t —tp)dt = z(to).

i) [7_cos(2t)8(t)dt = cos(2-0) [T_4

ii) 6(t — §) is a time-shifted version of 4(t), and is nonzero only at t = %. So:
fh _ sin(2t)d(t — gjdt = J7_sin(2- Z)d(t — Z)dt

= sin(§) [ d(t— F)dt =sin(§) = 1

iii) cos(2(t — §))0(t — ) = cos (2 L3 )t —Z)=1-8(t - <), so the integral of this is 1.

4/

] =

iv) d(t—2) is nonzero only at £ = 2. Therefore f sin((t —1))d(t—2)dt =sin(2 — 1) =sin(1) = 0.8414....

v) 6(2t —4) is nonzero at 2t —4=0 = t =2. So

/ sin (£ — 1) (2t — 4)dt = sin ( ‘J—l}[ a2t — 4)dt

— o0

To figure out the integral, we can change variables—let u = 2t, so df = == and the —oc, oc limits stay the
same. This gives: [7 8(2t—4)dt = [T _d(u— 4)% = %, 0 we get:

f sin (t — 1) (2t — 4)dt = 0.5sin(1) = 0.4207...

o0
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2.21
(a)u(2t +6) = u(t + 3) (b)u(—2t +6) = u(—t + 3)
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2. Ul-£) ? ’
A2 1) S Lz )= I-ulf) f
Lb) 1 ‘_;fgﬂfl wi3-£)= }-H..{‘é‘g) ,

3 '-

(c) ‘ .tut-.z) 2ul-€Y=2L1-u)] |
£-3)uls-£) |
@) _;]&_,, (2-3ul-2) "it-Slfi-u{t-Sﬂ}

2.23(8) 4, 1t) = 7;'[}",‘1.',‘1'&:)]] > Yz B)= T3LT rami] '
Yy LLNrzw]] 4 T, SBLTowI] + GIyw] '
b\ y U= T3 T, [T ot + 41 Ir Lese]} + Ty L7, Deae ]
@y =T, [T [ym]+ T, 57, [lryes) < Ty xand s
) YD=L AT, a3 ATSEnreesiR 2 BT o]

R-24 y(£)s Ty Imi) +7, bzl ]
mit)= T, [x(#)-HLys]]
- yt8)= B % LX), Lyen + T, Lo o

225 mb)=T fxut)-T, Iy WIS - Ty Lyit))
=T [m)] = E}:T.fr =Ty [y 33— Ts[y wﬂ]

2.26

(a) (i) has memory; (ii) not invertible; (iii) stable; (iv) time invariant; (v) linear
(b) need y(fy) to only d&pépRs Peprson Fduoatian, inc+ Upper Saddle River, NJ._All rights reservedeq sa] for values of o > 1.
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2.27

2.27(a) system is: y(t) = cos (z(t — 1))

i) Not memoryless: y(t) depends on x(t — 1).

i1) Not invertible: for a counterexample of two input signals that give the same output signal at all points,
take any «(t) and z(t) + 2.

iii) Causal; output at time ¢ does not depend on input at times greater than ¢.

iv) Stable: clearly |y(t)| < 1 for any values of the input.

v) Time invariant: y,(t) = cos(z(t — 1 —tp)) and y(t — tp) = cos(z(t —tg — 1)).

vi) Not linear: for example, violates the scaling property because ay(t) = cos(ax(t — 1)) (if we input a
scaled version of the input az(t) we don’t get the output scaled by the same amount ay(t)). This system
also violates additivity, the other necessary property for a system to be linear.

2.27(b)

i) not memoryless ( t time tg output depends on input at time 3¢g)

1) invertible {(z(t) = (tBQ’]]

iii) not causal (3tg = tg for to > 0)

iv) stable

v) not time invariant (x(t —tg) — 32(3t — tg + 3) but y(t — to) = 32(3(t — tg) +3) = 3x(3t — 3ty + 3)

vi) linear

2.27(c) system is: y(t) =In(z(t))

i) Memoryless;

ii) Invertible: x(t) = ew(?))

iii) Causal;

iv) Not stable: for example, y(t) = —oo whenever z(t) = 0

v) Time invariant;

vi) Not linear: for example, violates additivity: In(zq(t) + 22(¢)) # In(z1(t)) + In(x2(t)) in general.
Scaling doesn’t work either.

2.27(d) System is: y(t) = e**t)

i) Memoryless;

i) z(t) = M except when ¢ = 0 (we can’t get back the value of x(0).) This system would therefore
be considered noninvertible but it is mostly invertible.

iii) Causal;

iv) Not stable: for example, if z(t) = ¢ (some constant ¢ > 0) then y(t) = e’ which goes to ¢ as t — x
(we can’t find any number K such that e < K for all ¢). not memoryless, invertible, not causal, stable, not
time invariant, linear

v) Not time invariant: if the input is 2(t — #g) we get ya(t) = e®*t—t)) Lyt —tg) =e

vi) Not linear: doesn't satisfv either necessary property.

((t—to)x(t—ta))

2.27(e) System is: y(t) = Tz(t) + 6
This system is memoryless, invertible, causal, stable, time invariant, but NOT linear: it we input
x1(t) + zo(t) we get out T(x1(t) + x2(t)) + 6, while if we input z;(t) and x9(t) separately and add them, we
get y1(t) +y2(t) = T(z1(t)) + 6 + T(x2(t)) + 6, so the system violates additivity. Also violates scaling. Note
that to show a system is linear you need to show it satisfies both properties (which you can do by showing
that axy(t) + baa(t) — ayi(t) + bya(t)), but to show that a system is NOT linear, you only need to show
that it violates at least one of these properties.
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2.27(f) System is: y(t) = ff z(57)dr

; — Do

i), iii) Not memoryless, not causal: output at time ¢ depends on both past values of x(¢) (because
integrating from —oc) and future values of ¢ (because depends on x(5t) and 5t > t for t = 0).

:1:1) invertible: é—iy(t) =z(bt) = x(t) = %y(t) (the. function y’(t). evaluated at ¢/5). .

iv) Not stable: for instance, z(t) = ¢ (some constant) is a bounded input but the output is y(t) = ct,
which goes to oo as ¢ goes to oo, ;

v) Not time-invariant: if the input is z(t — tp) we get yq(t) = f_.x. x(br — to)dr.but y(t — t5) =

[l a(srydr = 1 a(5(r —to))dr.
vi) linear: if z1(t) — y1(t) = fiw x1(57)dr and xa(t) — ya(t f—x. 7)d7 then:

:
azy(t) + bro(t) — / azy(57) + baxo (57 )dr = af:xl x1(57)dr + bf:)o xo(57)dT

= ay1(t) + bya(t)

2.27(g) System is: y(t) = e~ [ w(r)e 9«7 dr.
i), iii) Not memory le'sg not causal depend's on z(t) values at all ¢ from —oc to oo.
ii) Not invertible

iv) Not stable: say w = 0 and the input is a constant ¢; the output is infinite.
v) NOT time-invariant:

x(t — to) — yalt) = —waf_m T —to)e I dr

_ o] =] p e
i _’j'..uff 6’ _j...lu+tc.)du_€, Jiw It—l-tolf )6’ JwT T

which comes from u-substitution, letting u = ¢ — tq. But y(f — ty) = e <t~ f'_mm x(T)e™9“"dr which is
not equal to the above.
vi) Linear; the integral and multiplication by e~7“! are both linear operations.

2.27(h)
i) Not memoryless (y(f) depends on input over last second)
ii) not invertible (for example, z(t) = 0 and z(t) = cos(27t) have the same output signal
iii) causal

v ) stable
v) time invariant (since x(t — tg) — f:_l x(T — to)dr = :__;D_l x(T)dT = y(t — o))
vi) linear

2.28

(a) xo(t) =2u(t+ 1) —u(t) —u(t — 1) = z1(t) + 221 (t + 1)
s0 y2(t) = yi(t) + 2y1(t + 1)

(b) 1(t) = 2u(t — 1) —u(t — 2) —u(t — 3) so xo(t) = x1(t + 2) and ya(t) = y1 (t + 2)

© 2008 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
This material is is protected by Copyright and written permission should be obtained from the publisher prior to any
prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying, recording, or likewise.
For information regarding permission(s), write to:
Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



2.29

1) not memoryless unless ty=0
i1) invertible: x(t)=y(t+to)
iii) If £y = 0 it is causal; otherwise not.

iv) stable; the output only takes value of the input so if the input is bounded the output will be too.
v) time invariant: let y4(¢) be the output when x(t — t1) is the input. z(t —#1) — yy(t) = z(t — t1 — tg)

and y(t — 1) = x(t —t1 — to), so ya(t) = y(t — t1).
vi) linear: scaling and adding two inputs azq(t) + bxa(t) gives output axq(t — tg) + bra(t — tg), which is

the same output we would get by putting x1(¢) and 2s(f) into the system separately and then scaling and

adding the outputs.

2.30
he V=E Lul—uld- D+ u - |
hel£) b ) Luene g
k= hior-hold) '
;&am:»-}.ew £<0
amd hy18) =-Foy b £)

)

P b =22 u&l-z&.‘ -Duli- ﬂ
z.‘-ca hi) ="

mta Lu:%zt
ze:,tJ by =2t-2t+222"

o
T
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(iv) steble |
() e mvaviant |
(i) 12,41, | # 1LY ol dmean |

b)) ti) " d \
@) y=0 o %D , ot iumdible ._-}4/——' Y

(parts c,d on next page)
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(c)

]

[

The system is i) memoryless, ii) not invertible (output = 10 for all input values > 10, iii) causal, iv)
stable (|y(¢)] < 10 for any input), v) time invariant, vi) not linear (suppose z(t) = 3 then y(t) = 3 but 4x(t)

has output 10 # 3(4) = 12.

(d)

The system is i) memoryless, ii) not invertible (any input greater than 2 goes to the same output (
iii) causal, iv) stable, v) time invariant, vi) not linear (z1(¢) =2 — 1 and 29(t) =1 — 0 but x((t) + z2(t

2 1+0.

=

oy

2)),
)
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Chapter 3 Solutions

21 )4 a®-ute.2)

F(E) =lt) * u(t.2)- jdc = B2
{8

(é)”o » <2
T ) = (¢ Du(t-z) ‘\‘1 | —

L ) = ule .
| & <o » FLE) =0 )

)02 glo § o dt
Sy (2 Yy
LAL 7"(‘9:(&(19)

WL t<o, ylt)=a +
T2 gt = (dr _¢

E

e T Y- twy

/,/ /(:V %L/é‘): (f"—;‘/)(%(f-;—{)

:Té 7 t< -1 }7({“)_—0 +
i_>/““' 2 7(&):j(z+1>dtz'gé+t+i/2

=1

— . 7({_):(%1{;—4.1/2‘)%(‘644)




3.1 b)

i)
i 2 2 s
yt)= —fit—r)dr=—(t2—5)=-2.t>0
= 0.t <0
2
—%u(t)
i)
y(t)= [le5dr=1(1—e5),t>0
. 0.t <0
= $(1— e ™)u(t)
iii)
yt)= [ir—ldr=%—t+it>0
= 0.t <0
= (5 —t+ 3)ult)
iv)

y(t) = u(t) * u(t) —w(t) *u(t —2) = f; ldr — f; ldr=t—(t—2)=2,t > 2
= fildr=t,0<t<?2
= 0,t<0
= tu(t) + (2 — thult —2)

241 i)
a-1
it
/ u(T — 2)dt = f;ldr=t—2._t132
0,t<0
(t — 2)u(t —2)
a-1i

¢
/ e* u(tT)dr = fg e*dr = £(e® —1),t >0

= 0,t <0
(e — L)u(t)



a-iii

a-1v

b-iii

b-iv

—2))dr

foldr =t,t >0

0,2<0
tu(t)

Joldr =2,6> 2

fildr=t,0<t <2
0.t<0
tu(t) + (2 — t)u(t — 2)



3.2

0,t<0
= 20 <t <1
2 (t=1),1<t<?
= 2-1=1,t>2
= 2t[ult) —w(t —1)] + (3 —t)[u(t —1) —u(t
3 Tult)
2 -
1 +
I
?)g X/f) M(é i@)
o WO - wtis) i
‘ hit) %L E-T)
I B e
L2 | 4 E-te T
7t = o; bt < ¢,
y(f) _5{1{ =t-tr-t;, | t_to)

7lt)

2)] + u(t —2)

£ 7,{;&) (- éo—~ﬁ/)6{/£' fohf) ’ /

I

to+ty



34

[nhg |

— D LD e

h(7) (blue) and (0 — 7) (green)
2
el l\
| e e . ot
-3-2-1 1 2 3 45
y(t) = 0,£<:1

Lt 22)dr =4(t—1),1 <t <2
Jo 2(2)dr =4,2<t <3
[ha20)dr =4(1—(t-3)) =4(4—1),3<t <4
o L B) i =t 12 82 ARS8
Jo o 2(—T4+5)dr = — 16t + 64,6 <t < 8
0,t>8

L]




(b)

oD W R on

y(t)

[l ]

[Ey— -

l\:'_-

y(t

[

= ==
|

0,t<1
Jol—2(2)dr = At —1),1 <t <2
a4 fTTAQ)dr — 4 At -2) =4 —12,2<t <3

A+ [ ,—2(2dr=4-4(4d—t)=4t-12,3 <t <4

[2,22)dr =42 (t —3)) = —4t+20,4 <t <5
0,t>5

B R, S W
= 1+ 4(-27+4)dr=1>-10t + 23,5 <t <6

= 0,87

— -t

w4

o
q_



(d)

y(t) = 0,£< 2
= [iT'o2)dr =4(t-2),2<t <4
v u(d) = [P.22)dr =46 —t),4<t <6
0+ = 0.1 6
8 4
il
6__
ol B
41 4+
3__
2 4
]k
Attt
''1 234567
3.5
(a)
=il

h(t)z(—7) =0 for all 7, s0 y(0) = [*__h(r)z(—7)dr = 0.

el
hit)z(l —7)=-2(-2)=4for 0 <1 < 1
and = 0 elsewhere,

so y(1) = [ h(r)z(l —7)dr = [, 4dr =14

h(r)z(2-7)=-2(2)=-4for0 <7< 2
and =0 elsgwhere,
s0 y(2) = foz —4dr = -8,

t = 2.667:

h(7)2(2.667 — 7) = —2(2) = —4 for 0.667 <71 < 1,

=2(2)=41for 1 <7 < 1667,

=4 for 1.667 <7 < 2,

and = 0 elsewhere.

Therefore y(2.667) = (—4)(1 — 0.667) + 4(1.667 — 1) — 4(2 — 1.667) = —8(0.333) 4 4(0.666) = 0.



h(t) (blue) and x(—7) (green) h(r) (blue) and z(1 — 7) (green)

[n}

iz

-3-2-41 | 2 3 -3-2-1

=

]
s <+

h(r) (blue) and 2(2 — 7) (green) h(t) (blue) and x(2.667 — 7) (green)
2 9 4
1 - -+
et 7 —t— T
-3-2-1 3 -3-2-1 2 |3
(b)
y(t) = 0,t <0

= fg—‘(—‘)drz4t,0§t<1

= fgl d'r+ft . dr+f1 2)=-8(t—1)+4(2—t)=—-12t+16,1 <t <2

- Jral- +f1 dr+ft —A2dr =12t 32,2 <t <3

= ft2 Ndr =4(4—t) =16 —4t,3 <t < 4

= 0,t>4

W) 1N
] |
>
g
" ~—
i)
™~

11213 4 5
M T
N
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3.6

(a)

x(7) (blue) and h(f —7) (green), 4 <t <5

.

[l

4
~

—_
b =+
e
s
o
(:.‘:, ——
- =+

1
y(t) = / 1(2)dr = -2t — 10,4 <t <5
t

(b) y(t) is maximum when ¢ = 8 (then y(t) = (7 — 4)2 = 6).

(¢) y(t) =0whent <1,t=5¢t > 11.

(d)

[ B = T |

o e

A




3.7

A) %(f) ::—@{-.M(r({_)

ale 1)
T~ (1) ©2 o w&r/ap =

T @) 1<t< 2 Jit)= f‘ftcwagfe@c
inl 5
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2
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- £ 12
_,2_(@ @)%@Ceh&) T t!*{:

V= (1 &7 ) [uter)-wtt )], (287 L)
[ute) _wis- ,)J (ze L S £)

(b)
W)= e tu(t) * [ult — 2) — u(t — 4)
= 0,t <2

-2 _ G
= faeTdr=e g 4>y
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o
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@ iy o >0 gie)l [ fdr--e]=e

Lo £

T y)=eulz g 7";’-/&4)“ (t-2)

(d)
y(t) = e” " [u(t) —u(t —2)] * u(t - 2)
- 0,t <2
— fg_g e~ Tdr =1(1 —e72(-2) 2 <t < 4
— fo e rdr = 1(1 —e=2),t > 4
= 11 -e D ut —2) —u(t —4)] + L(1 - e )u(t — 4)
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“tu(t — 1) x 2u(t — 1)
0, <2
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1
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3.12, continued

(c) h(t) = 8(t —2) + 8(t — 2) = 8(t — 2 — 2) = §(t — 4)

(d)
(u(t —1) —u(t —5)) = (u(t —1) —u(t = 5)) = 0,5 2

— [FHydr=t-2,2<t<6

- [l ()dr_lo—t,bgtmo

— 0,t>10

= (t=2)[u(t - 2) —u(t - 6)] + (10 - t)[u(t — 6) —u(t - 10)]
3.13

(a) Using a change of variables, let uw = ¢ + 7, then:

oo

z(t) = / r(—7 + a)h(t + T)dr = f r(—u+t+a)h(t+u—t)du= / x(t+a—u)h(u)du = y(a+t)

—_

(b) Using a change of variables, let © =t + 7, and we see that:

w(t) = /X z(t +7)h(b—T)dT = /X r(u)h(b+t —u)du = y(b+t)

P
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.
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5"{310,1 :{f}ﬁ: /I » Eo —] £

a/) &)M ., »
by j}bﬁ")&f j@ I = 6’ s unstfabie

c) Se a,gz:)ué c) dz je de = (€=1) wie)



3.20

(a) Yes linear: cos(t) (ax{(t) + bag(t)) = acos(t)zy (t) + beos(t)aa(t)

(b) Not time invariant: x(t —tg) — cos(t)x(t — tg), but y(t —to) = cos(t — to)x(t —to) # cos(t)z(t — ty)
(c) 0(t) — cos(t)d(t) = 1(t) = d(t)

(d) o(t —m/2) — cos(t)d(t —7/2) = cos(m/2)d(t — 7 /2) = 06(t) = 0. If the system were time-invariant than
the response in part (d) would be part (c) delayed by 7/2, but it is not.

3.21

(a) h(t) = e~"u(t — 1): stable since f (t)|dt is finite, causal since h(t) = 0 for all £ < 0.
(b) h(t) = et~lu(t — 1): not stable; c&us*al.

(c) hit) =€ u(l —t): stable; not causal.

(d) h(t) = e' 'u(1 —t): not stable; not causal.

(e) h(t) = e 111( 5t)u(—t): stable; not causal.

(f) h(t) = e~*sin(5t)u(t): stable; causal.

£ ¢
3- A 7&5’) :j é;t?(; (f—-ﬂ)ciz :-"j gtbt’.(l) y (f—i) C!.C'_
= _jw étk [E)?Lf (1_&_,2:) u[f—ﬂZ>_—aL‘C_
A hi)-ewnlt) ) =% Bult)
‘é) "ed }a[&) o L +<Ko B
C) 7(15) jf &C(E){/L{{:%"_K)dﬂ ,(e. de | 1

++1
T el -
= - 3?:] - fﬂ.e(ﬁo] Wl

Dt.(H'-'C)

parts d,e next page—>



d) Ao lt) - R % 8(5) ()% E(£-1)y §(6)

- (Mf h(&-)]%s{%) = ht) - h(e)
7619): 2 g,(_[ﬁ') d—(iu)g_,(-é"_,lf)

e) &) gte) <9l - 18]

Es 51—I

’_[I— ﬁf}a(tﬁ) "l_ u_({)
[_xﬁﬁ) 5 (t) =hlt) #ulty f) ::f(,é( £a2;+1>[£ bL(I)_E,&{:){E-!jAt

o

:Sg%(fw_z)d: *éfzhtéc(ffguz)dt_ T T

a1t —(ﬁf)‘)

— ~f€jﬁdﬁ "8’} = W (t+1)
L, = @ja S =€ (- 5)/6116(@ 6(&0)&%)

= (/- e)a_éé) |
T = [ ““'*’)J gh el [ _e)ulk)




5, 43 ﬂ\) ’?Zf):j él{f"t)%CZJ;)dt
*z{f—"—")

() 1 (¢) :jféml)g (z-D)dT =€ wit-)

(i) pit)eo Forixo - Cewssh .

(,e,;ci) Z/ézﬂ_')mé-f)/aw:j-aéz(é_f&b:ﬁl(ﬁkz)Jf
 Lelef)ty, . stk

b) )= iz
() 48) = {5 s e Yae &
() Llt) o o, £<8 -~ por crusak
Lii) (10 st = [l ar ~2 ()]
[ boomded. -~ wpstalle

oo

Lt ]

- W(7)

3 t

X)) Hysteon 15 ot sk

b) yes BIBO , Sible yaled over o
| %&u ot~ leagtte

C’) wLE) =8(t-1)_2 8{6#—()
G = hlt) wle) = ki) -2hlt01)

20 (b y1t)
k({"}) 2 ) f

| p—— =i BT

ff—‘f

3.24 —
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4t 3 -2




3.25

hit)

S e

= 1

I
E 1] 3

(a) Causal (h(t) =0 for all ¢ < 0).
(b) Stable ([~ |h(t)|dt = 1(1) — 1(1) = 0).

5(t —2)

— 2)
2) —2u(t — 3) + u(t —4))
3) — 2u(t —4)

hit)=0, ¢<0
Litable

(c)
y(t) = h(t) % 6(t — 1) — 2h(t) *
— hit — 1) — 2h(t
(w(t —1) — 2u(t —2) + u(t — 3)) — 2 (u(t —
= u(t —1) —4u(t — 2) + Su(t —
y  v(E)
2 4
1, e
- -t
s Qe il B § 4
o4
.
3.26 . .
61) Wf%? @ﬂzﬁﬁt 15 CatSad pance
| b) {Jhtp]st=§ c%at=1; &% ayo -
| = - /
E —at I-tlfi] | /
C,) f;z,i{) it ,_.;{,g’f%Q? a<e Tf_di,,f

ot cuvsel pice L(t)#6
_ <58

:5‘;/!1,!’5? /JI _—Jjé&i;,{_— _ _Z:L éai"[.m -

prof- Aiabile



3.27

(i) Characteristic equation: s + 3 = 0, solution s = —3

= y.(t) = Ce u(t)

Forced response of the form: y,(t) = Pu(t) where d—y&fﬂ+3-yp (£} =3ult) = 0:3Pu(t) =dull) = P=1
y(t) = ye(t) + yp(t) = (Ce™® + Du(t)

Need y(0) =C+1=-1 = C=-2

= y(t) = (—2e 3 + Du(t)

This clearly satisfies the differential equation and initial conditions because

) 4 3y(t) = 6% + 3(—2e73 + 1) =3,t >0

y(0) = —2e3041=-1

(i1) Characteristic equation: s + 3 = 0, solution s = —3

— y(t) = Ce*u(t)

Forced response of the form y,,(t) = Pe~2'u(t) where ﬂétﬂ+ 3y, (t) = e 2u(t) — (2P +3P)e 2u(t) =
3e 2u(t) = P=3

y(t) = ye(t) + yp(t) = (Ce™ +3e > Ju(t)

Need y(0)=C+3=2 = C=-1

— y(t) = (3™ — e~H)u(t)

This clearly satisfies the differential equation and initial conditions since

%ﬂ + By(t) = (=be 243 ¥) L3(de 2 e F) =3 2, >0

y(0) = 3620 _ =30 =2

Continued—>



(iii) Characteristic equation: s 4+ 3 = 0, solution s = —3
— u(t) = Ceu(t)
Forced response of the form y,(t) = Pe*u(t) where =2~ dy “ + 3y,(t) = 3eMu(t) = (2P + 3P)e*u(t) =
3e?tu(t) = P==
y(t) = ye(t) +yp(t) = (Ce® + 2 )u(?)
Need y(0) =C+2=0 = C= -2
= y(t) = (—2e ¥ + 2 Ju(t)
This clearly satisfies the differential equation and initial conditions since
Lt 4 3y(t) = (e 3 4+ Se2) 4 (—2e 3 4 2e2) =36 £ > 0
__ . BoeaQ p Booog
y(0) = —ze + ze =0

(iv) Characteristic equation: s+ 3 = 0, solution s = —3

— y.(t) = Ce Mu(t)

Forced response of the form y,(t) = (P;sin(3t) + P cos(3t))u(t) where dygf” + 3yp(t) = sin(3t)u(t) —
3P, cos(3t)u(t) — 3P, sin(3t)u(t) + 3( Py sin(3t) + P cos(3t))u(t) = sin(3t)u(t)

= Pjcos(3t) + Prcos(3t) =0 = P=-P

and == —3Pysin(3t) + 3P sin(3t) =sin(3t) = 6P, =1 = P = %: P = —%

yY(t) = yo(t) + yp(t) = (Ce™3 + L sin(3t) — T cos(3t))u(t)

Needy(O)zC—— 1—*-C——§
= y(t) = (—%e‘g’f + = L sin(3t) — T = cos(3t))u(t)

This clearly satisfies the differential equation and initial conditions since

dy“ +3y(t) = (5 + 4 cos(3t) + $sin(3t)) + 3(—Ze* 4 % sin(3t) — & cos(3t)) =sin(3t),t > 0
y(ﬁ ——9_3 g +sin(0) — %cos([}) = |

(v) Characteristic equation: —0.7s+1=0 = s — ﬁ = 0, solution s = 5= = 10/7

= ye(t) = Ce/OTu(t)
Forced response of the form y,(t) = Pe*u(t) where —Ldydt'” liijp(t) = _Tmeatu.(t = 3P - 701-" ==
Solving for P gives P = —ﬁ

y(t) = ye(t) +'Up t) = (Ce’"7 — (F)e* )u(t)

Needy(0)=C-¥=_1 = =1
R

This clearly satisfies the differential equation and initial conditions since
dyl fO0.T - 0. : —

i) _ Ly(t) = 2.47et/0-7 — 3(3)edt — 2.47¢t/07 4 T3 — 203

=
_——
=
—
{
Bz
|
5
Il
|
"



3.28

(a) stable: roots are s = —1, -2, —4, and all are < 0 (on left side of s-plane).

(b) unstable: s* +1.5s —1 = (s +2)(s — 0.5), roots are s = —2,0.5, and 0.5 > 0 (on right side of s-plane).
(c) unstable: s + 10s = s(s + 10), roots are s = 0, —10, and s = 0 is on imaginary axis (not on left side).
(

found using roots([1 1 4 30]) in MATLAB), and real part of |14 3j|,|1 —3j| is 1 > 0 (so these roots are

d) unstable: s* +s2+4s+30 = (s —1 —35)(s — 14 3j)(s + 3), roots are 1 + 3j,1 — 3§, —3 (roots can be

on right side of s—plane.)

3.29
(a) characteristic equation is s2 —2.55 + 1 = (s — 2)(s — 0.5) = 0; roots are s = 2,0.5; modes are ¢, "5,
Unstable since roots > 0.
(b) characteristic equation s* 4+ 1.55 — 1 = (s + 2)(s — 0.5)0, roots s = —2,0.5; modes e, €%, Unstable

since 0.5 > 0.

(c) characteristic equation s2+9 = (s —3j)(s +3j) = 0, roots s = 3j, —3;: modes €3¢, e=3*, Unstable since
real part of roots is 0 (roots lie on imaginary axis).

(d) characteristic equation s® + s+ 4s + 3 = 0, roots s = —0.1 + 1955, —0.1 — 1.955, —0.78 found using
roots([1 1 4 3]) in MATLAB. Modes are e(=0-1+1.95)t o(=0.1-1.95j)t ,=0.78¢ Gt e since roots have real

part < 0 (are all to the left of imaginary axis.)

3.30

(a) Systems in 3.27(i), (ii), (iii), (iv) have system mode e~

3.27(v) has system mode e'/"7,

(b) For 3.27(i), (ii), (iii), (iv), time constant is 7 = % sec. For (v), the system is unstable and the re-

sponse doesn't decay (it grows).

(c) For 3.27(3), (ii), (iii), (iv), in approx. 3 = 47 sec. For (v), the response grows to oc.

d) H(s) = —-—. system modes are et )5t
A5 1) B

- For e=2, time constant is 7 = % sec. For 5t

3 3
grows to o0 so no time constant. No constant output because of growing mode (output goes to oc).



3.31
(a) Characteristic eqn. is
0.045* +1 =0 or
52+ 25 = 0.
Roots are s = 54, —57.

Modes are e®7t e—53%,

(b) y.(t) = §e7%e%t + Se7%e %t = C cos(5t + 6) (where C is a real postive constant).

(¢) The differential eqn. is: % + 25y(t) = 25
yp(t) = Pe~tu(t), need Pe~t +25Pe~t = 25¢~! = P = 2.

So y(t) = (C cos(5t + 0) + 2Zet) u(t)
with y(0) = C'cos(f) + 32 =0

and y’(0) = —5Csin(6) — 522 = 0.

= tan(@) =

=% @ =+tan 1(1/5) = 0.1974.. . . vad,

—5

CTZWZ_O.QS....
y(t) = —0.98 cos(5t + 0.197) + 227

(d) —gﬁ + 25y(t) = 25C cos(5t + 6) + 22e* 20((*(‘09(3? +6) + Le*) = 25e~*
. =B 25 _ 5 25 _
y(0) = 26 =in(9) cos(0) + 55 = 36tan(d) |+ 26 — 26(1/5) + % = U

y'(0) = —5 (26;1? 9)) sin(#) — é—ﬁ = 0.



3.32
Q@AY= 4™ 5 1520 Higy = Ty =)25
Yo (B = Heaxdl = (L25) M) =2
Lii) HeoY=ltho =1, Yool Hia Kl = ()Y = 4
(W) S=3, HE3)=5/7, Ysolh HAVIL) = Be™* -2,357 %%

Lt] £
(i) H3) = o _;s JYsstt (1)Y= Bt = 75 e

(& “:)S ‘33 H[-f;'g’) ‘-H- g = ]z_gg??a

Ysslt)= lHtlal‘ieaa(Bti-ﬂﬂ?’_? = Joss (32 -34.5°)

LLe) = 184i 6
Hi33) = Ern e R e oy

Ko 3%&)_ Uﬁ;?)(q)]gggi—‘ﬁﬂa) = 7468 eoa f3£."‘79.5?aﬁ

n=[0 2 10];

d=[1 2 10];:
h=peolyval(n,3*j)/polyval (d,3*j);
ymag=abs {h)

yphase=angle (h)*180/pi

{d) 5-33 Ude. pdhi 6‘-‘3
) gtz 43t en g th= 2049
(€) from(e):ti) Y5t = 4 gine (37-56.9°)
LiL) Yss Y= T 463 gin (FA-47.58°)
(5 Wﬂ 084 (34~ 30°)
" Yss L) in (€) ta that i7c0) dbo%m by 92
(g) L) (stH) = ls+4) D T=4s=0.255
52425418 =(s+1f+3 P s=-1 453 i T=15% s

E.j (34-49.54")




ey 7T @.25$) t>4r=]s,
T=is, | £747=4s,

3.33
cnz S Jyst - K "
"_"""..ls- ,H l Iq
bgaéal ’ff [Hg4)| ngﬂ ) K=14.4
(b) H£5)=__!_“%_i ole 2,
L h=polyval (n,4*3)/polyval{d, 4*j};
ymag=abs (h)

yphase=angle(h)*180/pi
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3.35

+ Redrawwo: £ K )& f—>
— J B0
S

{J ]
2 i
Ch).'. Form T1. f@g;_'é.f.z%_}ggg 3% +5§_§,.’.J’z
3.36
() y,i2)= 212) H,15)
gzbf) =Y, () Hzlﬂ" X&) He3) Hy(8)= 2 12) Hes)
" Hid) = K 6) Hyls)

BY Ylb)=XH) His) 124 Hyt) = X [H,19) + B8] = 3f) Hies)
S HE)=_H, 13 + B 13




3.37
UaY yi2) = By () LYt ]+ W, 1)y Hus) ¥+ Hets) 28]
= HE) xit)
- HEY= Hy18) Ry 18) + K () Hzi8) Hy 13) + Hy ¢3) He¢s)
(b) i) = Hi) [N, 1 5H, 1) 1ttR ] #+Hyt)w, 15) § H12) xiag |
+ Hs vt )Hd = Hes) v it)
o RSV 4 19) Hy 1Y Hot ) + My 1) H,18) Hy 1) + Hy(3) Hgls)
(&) yiz) = H, () [118) - Hyl2) gt:b)_‘] = OV XI)- Hies) H,i8) y k)
L1 By o) [y ity = K, 1s) 24t) H, 1)

. L* P Hjtﬁj = G 6) 22— -
d )I-I-H,(ﬁ)}lefv} i He 14 H, (%) H,18)

3.38

(03 ylt)= H3ts) [His) 228) + Wy 18) S i8) - Hyt9) yLx ]
=[M165) Hyts )+ Byts) Hyts)|3et)- K, ) Hyis) Hyts) ylt)

e ylt)s POV HsSY4 Myt Hats) g -
g ETETNAY Xtz Hes) wit)
(by 4Lt = Hyto) [H D GO~ Hyyth) 3- Hy (5) Y

= Hil) Hy 1) 242) — TH, (2 H,19) Hyls) + Nyls) Hat9) [yt

: '*' = H Lﬁ)’j‘ Lé — ;
‘d ) 14+ H, (35) H;Lﬁ)H;,L:":)”EEig; xi8 = HE (A




Chapter 4 solutions

Tl et = P, T
0 78
A) &:_Lﬁ/f)céf :_Lj(u;_f+3u Aﬂ:)dt
¥ 7L s
smm L (/"17)’”’& #3/ A f-,ct}
?"Z 2

[//4:"7”?_71+3/ Aun LTt _ //J,M 5 __3/4'714‘::—} -

Jet oot _gat gt 94t
CK:‘/’ *‘-”j e r e 3/é " e )qu:

e = + 2 N
g2.(1~ #t)’f jz.(Hk)t Jala- Ld)‘l‘ _’J»-z(zm)tj
.ZR b[ 4 3{_ € A
] [ j(-@ ]
77 =5 K=\
= L BLS iy -
| [ Bejz(z KT _.3_] ) e B
A} B L =S
el goalz-n)
rad - 720k
& G A _,'_ﬁ[ ﬂ(f fc)‘!t_~ }: [e-'f b e Jl/
K—=| jﬁ_[{_ ) z-ﬂ* 2.'(*! 2
i jetrai) Show
2y =L fﬁ[ 3 eIk J:__l_[sé £ _ginad ﬂ)];S/
W—>2 JL(L m) 2 7L j?.(_--i) 5

Alternatively, using Euler’s formula:

j .. 3
f(#) = cos(2t) + Bcos(4t) =5 (7% + e79%) 4 = (e7% 4 e=74)
1 1 3 3
§tJ ot | t:_j ot 4 E-J?-»Df 2 o —J2wot
CD =EJ
C 1
L =5
o
" —5
Oy =0, k>3



4.2
(1) x(t) = sin(4t) + cos(8t) + 7+ cos(16t)

(a) Exponential form: wo = 4

z(t) = %eﬂt — %e‘j“ + %ejgt + %e_jgt 4T Ve %eﬂ& + %e_jlﬁt
= 7+ (-0.55)ed“ot + (0.55)e~I«0t + (0.5)es20t 4 (0.5)e~I2w0t + (0.5)ed4wot 4 (0.5)e4wot
Co=17
Cy = —0.5§,C_; = 0.5j
Cy=05,C_g=05
Cys=05,C_4=05
Cr,=0,k#0,1,—-1,2,-2,4, —4

(b) Combined trigonometric form: Dy = 2|Ci|.k >0
Since sin(4t) = cos(4t — 7 /2)

z(t) = T+ cos(wot — 7/2) + cos(2wpt) + cos(dwpt)

L =l =7
Dy =1,0 =—-n/2
Dy =1,0,=0
Dip=1.0)=0

D.=0.k+#0,1,2,4

(ii) z(t) = cos?(t) = %[1 + cos(2t)]

(a) Exponential form: wo = 2

1 . ‘
: of\] — L1 1,52t 1,—j2
5[1 +cos(2t)] = 5+ el zeI
Co=1%
Ci=51C1=1%

Continued—>



(b) Combined trigonometric: Dy = 2|Cy|, k > 0

Dy =Cy = 3,
Dy = 5,6, =0
D, =0,k+#0,1
(iii) =(t) = cos(t) + sin(2¢) + cos(3t — 7/3), wp =1
(a) Exponential form:
z(t) = %eit + eIt 4 Lei?t — Lemi% | leidt | le—idt

Ci=%C1=%

el g od

Cy=2C3=1%

| SUL W

(b) Trigonometric

x(t) = cos(t) 4+ cos(2t — w/2) + cos(3t — 7w /3), Dy, = 2|Cy|. k >0
Dy = Co =0,
Dy=16;=0
Dy =10y = —m/2
7 I K, .
Be=0,k>3



(iv) x(t) = 2sin?(2t) + cos(4t) = (1 — cos(4t)) + cos(4t) = 1

(a) Exponential: Cy =1, Cp, =0,k # 1
(b) Trigonometric: Dy =Cq =1, D, =0,k #0

(v} 2(t) = cos(Tf),wg =7
(a) Exponential: C; = 3, C_y =3
(b) Trigonometric: Dy =1, 6; =0,
i =0 .82

(vi) z(t) = 4dcos(t)sin(4t) = 2sin(5t) + 2sin(3t),wy = 1
(a) Exponential:

z(t) = —jel® 4+ jemI% _ jeidt 4 jo—i3t
Cy==fiCia—]
Cs=-5,C_5=3

Cr =0,k +#£3,-3,5-5

(b} Trigonometric:

xz(t) = 2cos(bt — 7/2) + 2cos(3t — 7 /2)
D3 =2,03 = —m/2
DE. = 2, IE"E, = —'}T_l.l'“:]I

et

Bie—=0.0-29:5



4.3
(a)
(i)
) = 63 (38 + Hin (5t)

(ii) b=t T SO = %j:ﬂi’z‘ / es
’}LU:): Ch (éaf:)+ Zall (8t> +éu:
=T, =T, B=TL —5 Tz W=2 / es
(i)
@W&&ACJ » NO
(iv)

xie)= 4 ( %) ) #in (Z5)
7}:;2{};:—_!2 7;_;:: > ::.é

—

7, 7
(b)
(1) wo =1, 2(t) = 0.5¢/% + 0.5e 73" 4 5=l — e /™
C‘O = 0 03 = C‘fg = Or) CT;; = *Or)j C?fr) = Or)j

(i) wo = 2, z(t) = e/ 4 £ei6 4 Le=76t 4 LeiSt _ Le—ib

C:’O — 0 Cwl — 1 C:ffl — 0 C’Y.‘S — CT—.’_’) — l: Ctl — ;J Cr—ﬁl

(iii) No Fourier Series

(iv) x3(t) = sin(Ft) + sin(§t), wo = &

) _ 1 _qwot 1 _—jwpt 1 _72wet 1 —72wpt
x3(t) = 37€ 376 + ;0770 — 5-e

A _ ) _ __] Y _ _} A _ __] A _ _] A _ A
Co=0,C=5,C1=5,C=F,C3=5,C=C_4

] L

7C;€:CL;{.:O:I€>4



47"" LI“ ot ?’L(iﬁ have o Fever SeaneS ex/mswn:

K&Uaf
2 ()= éck
Thest) v | gKEesLE- ) . hwots | Mot
?L(&_.&a>:£, Coe € Z [ }e
ft = o9 e
A -jsK.CUG'té wi—ms
Cul = [Ce® f:l%] Cie
26y £ €0 Lk - wwets

4 7 ?K{f)'"/b“fé%,!%gﬁl5(fklda?>¢j8’féaﬂ-(ﬁtﬁddﬁ>
o K1 o ,tcwa‘t ket ﬂJﬂwat
= Ho + f:’ e {: J+B [ J

kwot' “jK“ht
=or (P B) 4 +[“"f*%?)

jmwat Ao Je =6

o o X(E) é« Cy € Ce=\ . .
bt 1, [Py - 18&}9

)3,
['Akf'jgff_)}
K <=

o b
0\)5497,;(@% f [ uatJdt

(f__ /‘,17;11&):72

o

Continued—>
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[t fé‘m/ft -

Z7C 2 ra
p) Wi@@&c:j_é_[,_mw)w

<) S Mfr)/mzi-m

(d) It illustrates the orthogonality of sinusoids, since it shows cases where if f(t) and g(t) are two sinusoids
with f(t) # g(t) then they are orthogonal over [0, 27| according to the definition of orthogonality in section
4.2. Complex exponentials are orthogonal over [0, 27| because e/ = cos(wt) + jsin(wt) and so

27 . . 5
/ elwitg—iwat gy 3 (cos(wit) + jsin(wit))(cos(wot) — jsin(wot))dt

0
f;ﬂ (cos(wyt) cos(wpt) + 7 sin(wqt) cos(wot) — jsin(wgt) cos(wit) + sin(wst) sin(wgt)) dt
= 0if wo # wi
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Ta
J- >
f dt ‘ng]a ) m=n W m#Fn
(b) Cl8 muyE din nw,? = 4 Jamlmemuw,t "'JM(n-m)Lg-g]

T
if Lavn msmy 0yt +din{n-m)io,2]dL =0 , &)l mén
() oim MGt g n,t =1 [m (m-n) L0, t-m .!m-}h)w,-é]

.
- f [ 065 tm-n Y2 -Loalminyyt Jd2 = O, min
Froma)—? T’ JM-’H

y gy ¢ “Jé{f’;ﬁm 3;551-—-‘1_& s By=-0°

{bI) ca‘ jn J 2}Cﬁ!='—ﬁ 2 9& 900
L xuty= X2 +g-£ coat b,k +95°)
@) C4= )L_,&,add 218y = C% Oy = 19°

2 z:ﬂ f ;’isz asa { bk +22°)
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&) xit)= +§ Sy CH kit +190%)

- W

&) xd)= 2 coaliyt- ?m-fg ._319- el byt +130°%)
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4.9 AppA wsed with &"J&w"m = &Y i

T, :
- [e *“%’“)@“ - c'-f“’*’*ln
._jbm;fn 5 Tol2 E
85 .: ‘E"'

_ X - .J'b-zw —.r bn
AEleT - Iz
| B g bt

“’mh"i'f ,Fte [c A f‘.j‘“m")]

it 1 Aot

= 3""' EH»tE‘1 (J&?r-f)a-ev’g‘ -5&7""") f"”J

INTR Y o
Mow, eJ ""-e'ﬂw -2
[ ] (m)" 5 hoodd.
i .E;ewh. ‘
@) ¢ =4 | xev e ’Y“ jmﬁ
'h IZ_LLXoe d‘t - &Z'ﬁ'e Z_

J'Eeafr[c J&waé/z_ ej&wwa/z -_% M(&W“’@/&)

lhw s
A IR = sath)

(€) ¢y =g L Xo m{%’t)ede,t
oy ['a-.f“‘*’»*(-.,mtmz%*)- Sresn(E) 7o

- b¥wg + xiy

[e‘:m (-4 &zn' o a8 %)m?f}-w( X a.ma)]
-4,, 0,2 + gl




G". = ILXQ i (Ta) %% RXQ . = - 2X»
{juwll % JU "f I-4 &")] A1 (;-l}ﬁ’-) i 4 42-1)

[e o &w,-& mw,ﬁ) -0, mwm)}
-brug o F
St

-.:_k,’_b_[& (0-w, asa.?r)-t-m] o [T,
T‘B wa"(.!- '&}} 7.1]' {1-&°
- Xs

> & wen
&

Jﬁﬂ'] cj - Xa
e A Tl B L <

Cg=0 -E. sdd ond &?"1

Te/2.

ﬂ'(ﬁz iy

L. o~ Rt _g_ J Xa
g) C=%; f xSt e’ Bt = LY =5
4.10
(a)
-
1 2 .
Ch :_/ :ra_(t)e_ifk'*'ﬂtdt
4/ 9
I 1 /3 |
:_/ :3:’:?_"ka°tdt—|——/ _Be—jkwotdt
4 2 4 /o
3, 1 - 3. 1 .
i jkwo 1y 2 1 _ —JFkwo
4(3"w0)(e 2 4(3'!:;@0)(1 ‘ )
3 1 : .
Jkwo —jkwo __ 9
_3 2 cos(kwg) — 2
4 Jkwo
37 T

—)
= (cos(k 2) —1)

}zfn
—3jm/2sin(k3)
Co =1lim C;, = lim 2
k—0 k—0 m

1 0 I
Co == (/ 3t —/ Sdt) -
4 \J-1 0

=0




(b)

1
=3(70) (27 — 241 — e Hhun)
JRWo
T ik
1 1 e T 27
— — Bl i U 3 D 3;;; etk —jh 9 )
Co = lim € = lim 2T(J)(2J RS FUFE )=(2+1)/3
1 0 1 1

(.7025 (fIde‘—}— d ldt) ==(2+1)=

To=2up=n

I .
Ci == / ote ~Ikwot gt
2 0

1 s _ e
=il (k= 1o
=1 —jkm .
:,z.c_erZ[e (—jkm —1) +1]
1
=772 e % (jkm +1) — 1]
L o e D (D)F—1
=——[(—-1)Fjkr + (-1)F —1] =
}cgﬂ_g [( ) j + ( ) ] ;I\,ﬂ' + k2ﬁ2
1 1
— —_ gL /1 i g L - =
S U e e gkl gne ¥ = 5

1 1
Co == / Udt = =
2 2



(d) Note that over the nonzero part of the cycle, x4(t) = x.(t) —2, so C}, = Cj(from part ¢) — :12 02 Qe Y
1 L
Cr =gz5le” I (km +1) —1] — / e~Ikm dt
0
L (e (k4 1) — 1] + (1 — eib
Ag_l_g[e (J + )_ ]+E( — € )
i 7 g
_}\Q?T‘z[( ) (J}"“ )_ l] }L-ﬂ- - }L?T
(-)F -1
TR * k2m2 E2 kr
Co =Co(from part c) + lim =(jme gkm)
A |
R
1 1
Co :—/ (23 2)(#:—‘—
0
(e)
T[} =4.wy = :—l
1 ¢ ™
Cg == 2 cos(=t)e IFFtdt
f /_1 (2 )
1 1 { o T T T . 7 0
== — — |77 (—j}c7£109(7t) +78111(—t)):|
2—(&‘5)2—{—(5)2 2 2 2 2 ==
2 i . T T T
= —k——efﬁk( j—k(0 — = sin(— )}
72(1_k2){~]2 JQ( ; ()
l 'Ek
_7;‘(1 — k2) [(:“32 _jk]
1 g

RS
|
T [T PR
_I,_
< |

S
o
I

-



T() = 2,;&0 =T

2 4
Ci :%[1 Sin(%t)e_jkmdt
1 g ikt m i m 4
= [(—JMT)Q ES ( —jkm 5111(51‘) — 5(0‘3(51‘))]1
1 1 —jk2m T ik o
-3 () [0 = o) e ibr(t) - S0)
1 1 T
2 (—(mz + (g)z) {E T8 H
gt

4.11
2

(a) entry 3 in table, with Xq = 4, wg = 5= = 5, with

Cp =0,
—2(4)
(k)2
Cr. =0, k even

G = & odd

(b) entry 6 in table (rectangular wave), with a time delay ( = phase shift in C}’s) and a change in
average value ( = change in Cp).

T 2“
EZI,T(]:B:LUQ —Xg—lo
A TX T kw
to(time delay) =2 = Cy = Cre %% where C}, = i sine( D)
0

Co =2(10) —5 = 15

Cy —l(lqmc(%k)e_j%g?w, k#0
(c) entry 2 in table with X = 8 and Ty = 0.2.
O =D)
Ci. = 8 _ 4 Jk#0

ok 7k’



(d) entry 3 advanced by 1 second, with Xg = 3 and Ty = 4, wp = =

2
3
o =3
o L —23)
Cy, =Cre’*° where C), =
k =Ck ; k (k)2
—6
= k% k odd
@k2° " °
=0, k even
(e) entry 4 with Ty = 2 and Xy =6
12
ﬂ'
Cg = = k#0

Cw(4k2 1)’

(f) entry 5 delayed by 1 second, with Xg = 8, Ty = 4.

8
O ==
-
2 ,\ g
e =l g 9000 liore (e m koeven:= —j2. k=1:=j2.k = —1
-8 .

= 0 T Y = D b= 1
=j2e "% = -2k = -1
=0,k odd, k # —1,1
4.12 (a) Only the value of wp changes, the C}’s stay the same. Therefore:
29 T —8

wo = 4 = %, and from 4.11(a) Cy = (ﬂmg,}c odd, and Cy =0, k even .

(b) From 4.11(d)

3
OU :E

—6
(wk)?

=0, k even

(i = e 5%k odd

Continued—~>



4.12, continued

(c)T=—-1.a;1=1,b =
;I’(f:) - ( )+ I(j(f—i— 1)=2=A4

Lol

(d) Cr = Cra + Crpe?® o) where €y, is the FS coeff for z4(t) and Cpy, is the FS coeff for a3 (t).

The coefficients for both x,(t) and x4(t + 1) are 0 when k even. For £ odd:

Cr =Tz W”uw e
—8& —&
o - == i
k)2 T k)2
8 .8
(mk)2  (mk)2

since e/*™ = 1 if k is odd.

Ta
x& ., xé .. XQ
15 @ -jl | '/;»’:L- Co 7 ,ﬁﬁ; #f =D ﬁ,ﬁ 05 iy

(£-5y : M- b, To
Xy &FYQ_{‘Y\] ' g C.Bém 25 Ve
-L_‘ b""ﬂ'
g 1, bwem
fo 1, 2 b Leaby it -1, b

C .._“ C =
Mfﬁ e’ Ly

(y Fee ¥=Yo_+'k'b , jMM@'
c c X_ C_._.ZXa
b = 2o J *';('q"" ) "

Swer & Ao yom, W %' '}g““ k=1,05
“cﬁ, "2}(5 - "ZXO : caz ZXQI/

few=D  TEen S ° A



Y4 &) RIEV=Z,D +HUE) , w, =55 = 0T

! ? ! &M?rt bt
] T >ty wé‘. J-g et 5e?
"4-1- ' 5__¢ ‘)
b A 1ott (-0,
T j’ Z,8) =X, 4-0.1) =- =_m.f::_m.--:"""'
.: ' 63 % o- 2 Bk JJhunt
2-00

m L

7 -...! “3
Lt.an-l'\ Wy@ J t
&) ¢y '?’f [5(8) - 5tt-0. n]e-f ot

"Ef‘f _&
=5] - _Jh}.ﬂ?rtal)] 5[.4!" PR :l

4.15
Wo =
:if —}ﬁ‘m‘
O =5
1 . —jkm .] r gk o
Te(t) — za(t) :;_(l —e ) =—((-1)" - 1)
3 + .
2 = — ﬁ k odd
LT | =0,k even,k # 0
T i |
A va 2.8 6-025(2):1

Hence, for k # 0, the Ci’s are the same as Example 4.2 with V' = 1 (the signal is the same with V' = 1,

except for the offset of 1).



skt
Y.\b, Cp= fxw &

=1,+1;

ot f‘n)e

T £
Jh“b{' za:)eJ by o,

Iz’j—- :Zt'r)ﬁ‘lhwd'i' dd Tt
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/ _ -
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»

bu,t- '%)

H510 ‘bwp e EL(ZT)T. Qﬂf

..-eﬂmf Yit) 'jk%tbt- "C"DbIl
¥ C'b I- ¢0bT = -] - {ZI“gaﬁ

Wﬂv\

4.17 Using property 6, m — 1 is the order of the first derivative that has a discontinuity:

(a): “r‘“ discontinuous = m—1=1, m =2

Ck| = %;—1-,- (k odd) (check)
(b): x(t) discontinuous = m —1=0, m=1

30/ {’2"1'1.}
|ICx| = lO\smc(%)\ = %

(c): z.(t) discontinuous — m —1=0, m =1

|Cx| = ?f—k (k > 0) (check)

(d): L d( t) discontinuous = m — 1 = 1, m=2

|Ck| = = (k odd) (check)

dre(t) 7. i ; ;
(e): - “EE_( - discontinuous = m —1=1,m =2

|(;‘_ WT ((lli(k\]

(f): —L{"U () discontinuous = m — 1 = I,m=2

Ci

e m (k even) (check)

, (k > 0) (check)
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4.19
The C’s were found in problem 4.10.
(a)
Co =0
= R ;
= (cos(k=) —1), k%0

bk t 2
6 @ :
2|Ck| =7=lcos(k7) — 1),k >0

So the values of Cy the first 4 harmonics in trigonometric form are given by:

Cp =0
o= - &
s =2 &
2| _;ir - %
2|Cy| =0

and 0y = 5 for k =1,2,3.

Continued—>



4.19, continued
(@):1Cyl. 2(C | (k>0) (a):6
2 o) T - 4

08 T )00
0

0 1 2 3 4 : 3 4
k
b IC. 2C,| (0 (6,
16 s 5 -
05 . - 0—=G f
T ) |
0 8 5
0 1 2 3 4 0 1 2 4
K K
(©)1C. 21C| (0) ©):,
: — 5 -
0.50 ' 0 (P
? 9 W
0 ? ¢ -5 " " :
0 1 2 3 4 0 1 2 3 4
K K

Figure 1: Fourier spectra for parts (a)-(c)

Continued—>



4.19, continued

(b)
Cpy =1
= 1 1 _-kZJI'
Ch. == (_]_k) (‘)EJ ) (R T)
1
3 A
1
-'2=4ﬂ_j( 1.5 — 71. *.\/3]
3 —d
2|Cs| =247.92 g
1
Cs zﬁij} =0
2|C5| =0
Uy =— 2 (—1.5 + j1. :w/3]
87
3 A
2|1Cy| —28— fy = s
(c)
. 1
Co =§
~y l I —jk?T = ]
L.-k=k2ﬁ2[e (Fhm+1) —1]
2|Cl| =0.7547,60; = —0.687
e 1
C _J—-"T _ F
472 2
‘3’|Cg| =0.3183,6; = 0.57
&l 1 |' D] o
Cy =g=l-2- 35
2|C3| =0.2169, 605 = —0.56667
. .?4”T J
i s
Y7167 4n
2|C4| ={.1592,8; = 0.57
(d) Cy = —%

C} same as in part (c) for £ £ 0
Continued->



4.19, continued

(@) 1G4l 21C,| (00) (@6,
1 5
~ P
0.50 - 0 I
T | 5
: i . |
0 1 2 3 4 0 1 2 3 4
k k
(e): ISl 21C,| (>0) )6,
1 2 .
0.5 ' T ] 1} “
0 o T
0 2 4 0 1 9 3 4
k k
(M-1C . 2IC,| (k>0) (F)-8,
1 4
21 p !
0.5t 0w : [ T
D ‘L 0
) P e o r e M
0 1 2 3 4 0 1 2 3 4
k k

Figure 2. Fourier spectra for parts (d)-(f)

Continued—=>



4.19 continued

(e)
1
Cp =—
1
s L H
174 " o
2|Cy| =0.5927, 81 = 0.1805x
1
Ch = iTk _ ik k=2,3,4
k = kgj e NP
2|CQ| =0.4745, 89 = 0.3b6247x
v e
C'y =§(4j]
2|Ca| =0.3183,605 = 0.5
Cy = —14+44
4 lﬁfr( + 4j)
2|Cy| =0.1750.6; = 0.57807
(f)
ot
~y 1 1 — k27 vy —qkw
C;;c =§ (m) [056’ & —|—_]'k€ 4 :|
. 2 1 ,
U1 =— E(E —=4)
2|C1| =0.4745,60, = 0.64767
1 1 ]
Co == 75(3+%)
2|Cy| =0.1750,0y = —0.57807
. 1 1 .
Ca=— 53— %)
2|C3| =0.1106, 03 = —0.55267
. 1 1 .
Ci=—g75,(5+4)

2|Cy| =0.0815,04 = —0.53967



4.20

The C}’s were found in problem 4.11.

(a)

(b)

Continued—~>

Cp =0
e
k)2
16
2|Cx| =W‘9’I" =0
2|C4| =0.8106
2| Cy| =0.2026
2|C5) =0.0901

2|Cy| =0.0507

Cp =15

2nk ‘o2
Ch =105inc(T}e—J2f‘%'

ok
9\C] =2[}|s-i-n.c(%)|
4
9_{‘- — —? —|—’;T._.|!C= 25..8-..11
47 i
O = — =,k =0,1,3,4,6,7,0,...

2| | =8.2609, 0, = 2.0944 rad
2|Cy| =4.1350, 65 = —1.0472 rad
2|C3| =0

2|C'y| =2.0675, 0, = 2.0944 rad



4.20, continued

(c)

(@) 1C,l. 2[C, | (k>0)

05 [
\ ol -
o
0 1 2 3

[
4
K
(b):1C,l. 2IC, | (k>0)
20
QP
0f o
{} ¥ e B
0 1 2 3 4
K
() I} 21C,] (>0)
4 . .
21 T
P ¢ 9
0 1 2 3 4
K

G =0
8 ™
2|Cy, :rrk"g;" =
2|Cy| =2.5465
2|Cy| =1.2732
2|C| =0.8488
2|Cy| =0.6366
(a): ek
1
0 S = =
_1 L .
0 1 F) 3 4
k
(b6,
D
|
0% 5 0
_5 N A
0 1 2 3 4
k
(c): 0,
) : :
)
1 | \‘/ T
0&
0 1 2 3 4
k

Figure 3: Fourier spectra for 4.20 (a)-(c)
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ALE)
L4
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j T( __}j{&Uo K%&:ﬁ
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424
ILf/S) /© 2 Mﬁ:zl g “Th=5

BrS ﬁ
= = _J-84 J =227
Hlo)= 18y =2, #{5m)= % 2% /
(jzwa s [0 oy 433 ) —40
g 51747?/
/Q{_jgwa) = /0 e 26’“‘; i‘f!
57 IR
:/f/j.&‘éwd)cxk

2(20) - 4o /0
0\) ’)L[{’) Copoo =0 5 Cuge = j ?('Z/a = K;;CH

ED o ¢
C:j, [ s 3’;’-11“3——)(129?2 L:“l-ﬂ)_.::zzm? [=h2-7

(nf, =P | |
(;1%3- (- 245L‘ﬂ)(9,2¢/_ﬂ -5.28 /=5

V)= 46808 (YL 1127 )110-56 Lot 14i3)

L
1?) ws [ - bbeeFrpl  2A*pl )5 p=[o 10]); d=[t 5]

h = MS(”F&JW);
hriag = _abS (h) 5 hphnse = Mjéz(k)%/g/;

Lhﬂftaﬁ" hPW&J



@) Cro= %210, Cpp =550
Cg,g" (20) {10} =20

Cyr = (1.84£2.1°)(3.18 [92°) = 5.96 [47.5°
Cyp = (1.53L409)(1.59£92°) = 2.44 150°

Cys= (). 245/51.52) (}.0461/92°) = 1.3 2 /38.5°
YU)=20 +11.72 toa (37Z +47.3°)+ 498 coa(d wit +527)

+ 2.6 Coa 2N +39.59) + -+

@a) t,,=10 ; C,_-,&,-"J"i, , & sdd
Cyp= 200220
Ly, = (1.99[27)4.08 LUR°) = 744 [1523°;C, = O
Cy3={(1.245 1518 o450 [I8r) =0.54] [128.5°
Y th)= 20 +4.92 coal 3t #/59.3% 41,122 Loalowt+128. 5‘9
(e)C‘ =2 zip93  Cpps o oo 20 T
TEEA-1)" L)
o= (D) Li2. ':3) 2546
c ,= (1.34 J-2.7° 4, 244 [1%0%) = .81 1452,3°
Cu = (153142 )(0.84 1180%) = /.30 1140°
Cys = (1.245/-55°)(0. 364 L% = O. 453 [128:5°
yit) = 25 8% +)5.62 Coa( 372 +/52.5%) +2.L0conlirt #7409
+ £5.95¢ ém(sz+:zf 5% 4 oon
(‘?) CZ& =£0/ﬂ=é 3&7 41-2-.1'1?. 3 45:' - ?f ) %-d
Cys = (2)4.567)= 12,13
Cyj = (184 LRD)(5 [-92%) = 9,20 [12.7°
daz,- (153 [40°)(2.122 [180°) = 3,25 /142" | Cy3= 0,
ylt)= 1272 +184 dsu(ft -/12.7%) $3.25 coa (gf,c W29 & .

Q) Crp= =) 24 47; 0y - -#é;hg'%@ Zém-"y

Cyo= (2)(4:47)=/3.33
Cy = (/9420 F 51 ) = [0 14 /-22.7°

Cop = (£53L92)(2.757) = ﬂz_/i ; Cy3<0




4. 22 i)=/3.3 +20.28 coaldnt-22.7) +8H caalEnit-40°)
o) (1Y Gy &= ¢.47

Cyo=(2) {447~ 13.33

1 ,-=(/3ﬂ-;zﬁ?°)(4 7= )2.34220°

c w2 =(/53L90°)(447)= /0.2 L4927

caa- (1.245£5L50) (4, b7) = 8.30L5LE s&éﬂf

L yb)=13.33+24.4 ca(§nt-22.7) +-20. 4000 (4T ~4p%)
L +16.6 008 (22 -5/.57°)

E!_)Tg—l uJ(_}—‘)’"

Ea = H(jlwo) = H(j27) = =2

lf_
—E'- s —ﬂ‘m— = 2.6851

Cix vdmE416

(b)

(_?ly — H':.I"ZTT)(—WIL — _Ln-+]_[{( lx
Cay = H( -fﬂm)f'gt = 16 e

6r+16
|Cayl| _ :3&* +16
|Cay| VAmx2+16 | |

Note that from Table 4.3, 1C1z| _ 2Xp 73 == B a0

|Caz| T 2Xp
|C1y| _ 672416 _ - =
= 3R}fw 7.7611
(c)

>>omega_0=2%pi;
>>w=[omega_0*1, omega_0%*3];
>>n=[0,20];

>>d=[1,4];
>>h=freqs(n,d,w); >>hmag=abs(h)
hmag=

2.68561 1.0379
>>3*hmag (1) /hmag (2)

ans=

7.7611

Continued->



4.25, continued

(d)

wo = 20w, H(jwy) = —22—

wo = 20m, H(jwo) = 5307

|1yl _ - 4 210 _

|Ciz| |H (jwo)| = TToraooas 0.318

Same MATLAB as part (¢) with omega 0=20+4

(e)
. 20
H(j3wo) = 175607
|Ciy| o [16+(60m)2
(f)
wp = 027
H(jwo) = 105=
[Ciy| . . 20 L
Gt = H(Jwo)l = 7e5ors = 494
(8)
. 20
H(j3wo) = 15057
Crul o [164(0.6m)2 .
T W Twroar = 328
(h)

wp = 027, ratio=4.94
wp = 2w, ratio=2.69

wp = 207, ratio=0.318

The system is a low pass filter with a DC gain of 20/4=5. Most of the input at wg = 0.27 gets through but
most of the input at wy = 207 gets filtered out.

(i)

wo = 0.2, ratio=3.28

wg = 2w, ratio=7.76

wo = 207, ratio==8.98

The ratio of harmonics of the input is 3, so this shows there is little effect at wg = 27 but large effect at

wo = 207 most of the input in this case is filtered out.
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4.27

H(S}l= Ls _ =

R+Ls = B4s

(b)

>>»w=[0,2,4,6];
>>n=[1,0];

>>d=[1,8];
>>h=freqs(n,d,w);
>>k=1:3;
>>Ckx=-j*20./(pi * k);
>>Ckx=[0,Ckx] ;
>>Cky=Ckx.*h;
>>magCky=abs (Cky)

magCky=0 1.5440 1.4235
>>phCky=angle (Cky)
phCky=0 -0.2450 -0.4636
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Crz = wk
, —4520 52k 20
(—"Fcy = p == :
mk 8+ j2k  Aw+ jw
20
|Cky|= -
v 1672 + k272
k
), = — tan" ' (=
o =~ tan ()
|Co| =0
|C1| =1.5440, 8, = —0.2450rad
|Ca| =1.4235,85 = —0.4636rad
|C3| =1.2732, 03 = —0.6435rad

1.2732

-0.6435



4.27, continued
(¢) This changes only the value of (', and therefore only the DC value Cl, of the output might change—
however, since H(0) = 0 in this case, the DC value of the output does not actually change.

Cos = 20 => Co, = 20H(0) =0

(d)No. The low frequencies get decreased in amplitude-in fact the DC component does not get through at

all.

(e) This is a lower frequency square wave and so more of its energy will be attenuated by the filter. It will

not change part c—the DC output is still 0.
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Chapter 5 solutions

5.1

(b)

(c)

X(w) = /06 te Iwtdt = {(

(d)

-3

3
X (w) :f 2 cos(9mt)e I«idt = {2

e —Jw3d
=2 (ﬁj“" 302
—? A {(9r) —t (B )2

6
X(w) :fo e Ivtdt

e—ij

—jw

(70 —1)

- (eij . e—ij)

Jw
efjw3

= 2 sin(3w)

W

=6e 7“3 sinc(3w)

6
; —/ e~ 2p—dwt gy —
0

24+ jw

e Jwt

(1 _ e—{?—l—jw)G)

G

0

e—jwﬁ o _ 1 _
— (58— 1) E(_l)
j6e—Iw6  g—iwb _ 1
T w2
_j(ie*j“’S 2je w3
T w w2
E,—ju;f

2‘}""‘ : ( —Jjw3 eij)

- (97)2 — w?
4w

=————sin(3w)

(97)2 — w2

— (—jw cos(9nt) + 97 sin(97t))

Note this is also equal to 3 [sinc(3(w — 97)) + sinc (3(w + 97))] (see 5.3 (d)).
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5.2
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5.2, continued

(c)

:/ eIt
—
:/ e®~I“tdt
_a.—j;u
d) Aw)- fag(é+t)e T tf(é’m"

5.3
(a)
X(w) =F(u(t)) — F(u(t —6))

1 L\ b
=mo(w) + 25 — (molw) + =-)e

using Table 5.2 for F(u(t)) and Table 5.1 (Time shift) to derive F(u(t — 6)). Noting that §(w)e 7% = §(w)
results in:

1
X(w)=—(1—e9%)
jw
—jw3
:E’ 'J (€jw~'3 e jWB)
jw
E)fij g
—2sin(3w) = 6e™ 7 sinc(3w)

(b) Using the fact that:
e~ 2u(t) — e 2u(t — 6) = e~ 2tu(t) — e~ 2e 2=yt — 6)

and Table 5.2 for F(e=2*u(t)) and Table 5.2 for linearity and time shifting property results in:

) 1 .
Fle 26yt — 6)) =———¢ 96w
( (t = 6) =57
1 i i e
X(w)=———e2——¢ 0¥
2+ jw 2+ jw
__ 1 (1 _ 6—6{2+jw})
24+ jw

Continued—>



5.3, continued

(c) From part (a), u(t) — u(t — 6) < 6e~7“3sinc(3w).
Using the integration property in Table 5.1:

Hu(t) — u(t — 6)] = /_ ) — u(r — 6)]dr — Gu(t — 6

1 - ‘ | .
3 68_3&382"?16(3““) + 776(5(&;‘) ) (n(\)( ) g ) _Jwﬁ
Jjw »
_6 —Jws g : —jw6
— (e % sine(3w) —e™? )
Jw

,'Ge—jwﬁ 2 'e—jw?)
o e ot >— sin(w3)

(d)
cos(9nt) —m(d(w — 97) + d(w + 97))
u(t + 3) — u(t — 3) —6bsinc(3w)
Using multiplication /convolution property:
2 cos(9Int)[u(t + 3) —u(t —3)] — 2[0(w — 97) + d(w + 97)] * 3sinc(3w)
X(w) =6[sinc(3(w — 97)) + sine(3(w + 9m))]
e rm(&ﬂ — 277) N sin(3w + 2"")}
3@ 97 | Bt om

1
w — 9T w+9r

— 24in(3 ){
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5.4, continued

# ) Sl @%W/ahan
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5.4, continued
1

(h) Time-multiplication property: want to show f(t)g(t) < s=F(w) * G(w),

2

F(w)*Gw) = f_x F(u)G(w —u)du

FHF(w) * G(w)] L /_ e Jwt {f_ _ F(u)G(w — u)dfu} dw

“5

s
“on ),

e
“om J_

o
-~
= F N F(w)] - FHCW)]
=2 £ (t)g(1

5.5 Flommt]) =2 [slow)-5(erws)]
J
Diftrentiadion Properts
% [%ﬂwgtj_—wo CA e
s Lot s i £ cotad)# § (204 09)
Show 1205 15 epeal +o j}df[/mhmf} 2 (s ({,u..w)

g
=720 [ § (co-t)_ S(co4 ) - 8]

=TUy( & lw-we) 1 8w pon)) by Sk
s Propertyg
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Cime Ihit property

oot = s (cat 7)) s wolt-Ty

PlE o) o) 7 i
Coniwo (4~ ?Z)‘r—"n[é[wa)+§(w w)}e =

Jno 7L _—_;wﬂl
'“715(&0;#5‘0’0 £ ‘M"_f_?zg(w @6 23

5.6 on next page



5.0 @) £6e) = AC T Ean () wle) = K& F260)
- pe Pt Y C AP POWNES
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(b) $le) = A 4onledt) +Bleakdst) = use the lineavity
Proverty: Bl = A FLAME)N 48 Fitealiant)§

FLY = BF((5 (e-w0) - Seoral] s Bu{ sfudayrganans)]
F{e) ALES

B T AT AR W, |
.L_ _‘I,, | ':-1:.. II"” ey _L jf-wfm >
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Flw)
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5.6, continued

d) D=t rect{Le0)) T8 rnc (32)e"

S e e Shitt ?gzvaf)—y

-’#}é ‘m’é \@1\\“3

Ty

(e) From Table 5.2, tri(t/T) « Tsine?(Tw/2), so using linearity and time shift properties:
41&;@(%) s 16sinc?(2w)e 74
See figure below for spectra plots.
(f) From Table 5.3, sinc?(T't/2) — % tri(w/T), where here T = 1/2:
dsinc?(t/4) — 16m tri(2w)
See figure helow for spectra plots.

(g)
10 cos(100¢) 107 [§(w — 100) + 5(w + 100)]

w(t) —u(t—1) "—"S'l"H-C(Ml,rIQ]e_j“"ﬁ

10 cos(100t)[u(t) — u(t —1)] — 5= 107 [6(w — 100) + 6(w + 100)] * sinc(w/2)e /% = F(w)

Pyl

F(w) =bsinc (“‘J _0100) e~ dlw—=100)/2 | Foine ("‘" +0100) g~ 3{w+100)/2

- =

See figure below for spectra plots.
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Figure 1: Spectra for 5.6(e).(f),(g)



5.7

Note the time axis is in units of ms.

"
g4(t) =rect(—=) + rect(

0.01 0. 02)
G4(w) =0.01sinc(0.005w) + 0.02sine(0.01w)
t :
gs(t) =2 5;3(?(0 i ) — O.S-rec-.t(m)
Gs(w) =0.025sinc(0.005w) — 0.01sine(0.01w)
g6(t) =5g4(t/10)
Gg(w) =50G4(10w) = 0.5sine(0.05w) + 1sine(0.1w)
_ t —50
g7(t) =10gs( )

5)
Gr(w) =50G5 (5w)e 950« = 1.25sinc(0.025w)e =730« — 0.55inc(0.05w)e 950«

5. 8 ta_\ wse the devrivate Wp\co?ertﬂ
kﬁ_l W""”"" 3“5(_0::%1 \ - c-f--t—l

(b) HE'_),-F\-QM Table 5.1 F(-& 1;-_(.\6@3
"l"b:'] "y "’1‘-‘:3‘
= (,t*-i—l L‘W ame =5 €
@) 40s(at) _ 2[eP?5e8| o4 267
il €5 231 -c,?--n

unse. ere%uenecj Shift and duahty Propeyties
-1w- 5
Faoy = am[ e 0]
5.9

(a) Asin 5.7

t
t) =rect t
94(t) =rec (001) + rec (002)
G4(w) =0.01s8inc(0.005w) 4+ 0.02sine(0.01w)
g6(t) =5g4(t/10)
Gg(w) =50G4(10w) = 0.55in¢c(0.05w) + 1sinc(0.1w)

Continued—>



5.9, continued

(b) f(t) is the result of convolving two rectangular pulses, so its Fourier transform is the product of the
transforms of the two pulses:

£(t) :2'!’t.c-z‘(t — 0.0) . -rec-f(t —31.0)
F(w) =2sinc(0.5w)e %5 . 3sine(1.5w)e 915«
g(t) =f(21)
G(w) =0.5F(0.5w) = Lsine(0.25w)e ™% - 1.5sinc(0.75w)e 77
5.10
(@)
A0
— s
o

-
bt gl = %@ f% +
ﬁ/t’):_é [m(%)’/\wz%)}
Vse tie Lnearity property and the  time Shitt
GlS) = A (2 )[ 44 % _ g/&w/zj
70 frnd Flw) 1se  fhme nbegroatim. Propety
Fle)= ﬁ G(e9) +77640) §(c0)

Glo)=o wa A
e F{w) MWM{&M)[J a > 2~J

't/w) —AaA %m[aw) 24 (2 )

Continued—>




5.10, continued

(b) Let g(t) = %f(f) = 2'?’E?Cff(t_ij'5) — 2-;’&1(:75(*—13-5)

G(w) =2sinc(0.5w)e Y5 — 25ine(0.5w)e =735
:23?'..-?16(0.5;u)e_4"2°“[e31-5“‘ o e—jl--ﬁw]
—=4jsine(0.5w)e™2 sin(1.5w)

F(w) :ji‘@(uﬂj + 7G(0)d(w)

G(0) =0

F(w) =4(1.5)sinc(0.5w)e 7% sine(1.5w)

—6sinc(0.5w)sine(1.5w)e 72

5.11
()

ALE) =Cb () 4 Sin (3F)

nit)=-55n(20_ Linc (;t)H%w(w/lg
X0 7 (Sl0-1) +810541)) (8 (0-3)-5 (0r3))
V(w) :ﬁ/w)X/éd jmpolsed T3 Loif  noy
Y102 =TT, (501t S(wr1)]  7uss5 e Aitter

()
718 =Ty () T
. 2 el
(b)
Si'ﬂ-C‘-(Q'?l-ﬁ) HQ?E?@E?(ﬁ)
1
H(w) =2mrect(w/4)
V() =2rirect(S) - Srect(22)
W) = ﬂ'_l_}f’(' _1 2."\‘:,(-- _1',',]'
:Erec-z‘.(i)
5 Teai S
(t) == (2 )4sine(2w) = =sinc(2w)
y(t =5z sinc(2w) = ELL??.C W



(i) H(w) =

(ii) [H(w)| =

LH(w

(iii) 7 (t)

(b)

—tan~

= 10e~1Y%u(t)

R/L

10

jw+R/L —

by

10

Jw—+10

. See figure (below) for magnitude and phase plots.

) - 1 . 1
(1) H(W) jw+RC — jw+l
(il) |H (w)] = —=
/H(w) = —tan~}(w)
(iii) h(t) = e tu(t)
part (a) [H(w)| part (a) phase
1 - : - 15 : : .
09 / 1
08 & \ 05
o \
0.7 \ 0
06 05
05 -1
0.4 - - - 15 - - -
20 -10 0 10 20 20 -10 0 10 20
part (b) [H(w)| part (b) phase
1 15
09 1
/// \
08 y \ 05
07 4 \ 0
06 ~05
05 1
0.4 15
2 0 1 2 2 1 0 1 2
(O] (0]

Figure 2: Magnitude and phase of frequency response for 5.12.
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5.14, continued
(d) Using the entry in Table 5.2 for rect(t/T') cos(wot) with T = 0.002 and w = 5007
0.002

—4rect(t/0.002) cos(5007t) « — 4 [sinc ((w — 500m)0.001) + sine ((w + 5007)0.001)]

= —0.004 [sine(0.001w — 0.57) + sinc(0.001w + 0.57)]

A.15
ﬁb) G{ W) = Spect( e z,g)

A, Dine (5) L rett ()2 S
9I6)= 50 Joue (10%)

7.

I
/7
:2=5Wt[wé)€ wfzafwocéw/&j)e
USe the e Sft B ljnean)y propertics
o e pegatt- of- (o)

§tt) = 25 [ine (10t 1 57) Sine (1o -57))




5.16

¥ _ 70.25w
(a) g(2t) < 0.5G(0.5w) = —0.2t5i2+5.t5jw+6

(b) g(3t —6) = g(3(t — 2)) « l(,(%) j2w _ lf%w i
Lo

(d) 9(=t) = G(~w) = —=557%

—4100¢ - _ jw-+4100
(e) e’ g(t) < G(w +100) = —wz—l—w(Sj—J‘Tzl]l)){I—SOOj—i—Ei—10000

(F) [* . 9(T)dr & LG(w) + 7G(0)6(w) = —74

—w*+5jw+6

g(t) =8 cos(5007t)rect(t/0.002)

Fi(w) =G(w)500m > &(w — k500m) = 500m Y G(k5007)6(w — k5007)

k=—oc k=—oc
G(w) =8(0.001) [sine((w — 5007)0.001) + sinc((w + 5007)0.001)]
Fi(w) =4n Z [sine(0.57(k — 1)) + sine(0.57(k + 1)] 6(w — £5007)
k=—cc

Noting that sinc(0.57(k — 1)) = sinc(0.57(k + 1)) = 0 when k is odd and # +1:
Fi(w) =4md(w — 1) +47d(w + 1) + 4n 372 __ [sinc(0.57(2k — 1)) + sinc(0.57(2k + 1)] 6(w — k5007)

F1(0) =4(4)
Fi(5007) =4m
F,(10007) =4(—2/3 + 2)
F1(15007) =F}1(25007) = Fy(5007k) = 0,k # =1,k odd
F(20007) =4(—2/3 + 2/5)
F,(30007) =4(2/5 — 2/7)

Continued—>
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-7 —G -5 {4 -3 -2 -1 L 2 3 % b i T
_]_ -

note the time axis is w/(500pi)

(b)

falt) =g(t) * Z 8(t — n0.002)
Fc:—-x.
Fy(w) =G(w)10007 3~ §(w — k10007) = 10007 > " G(k10007)5(w — k10007)

k=—oc k=—oc

8w Z [sinc(0.5m(2k — 1)) + sinc(0.57(2k + 1))] 6(w — £1000m7)

= — oo
The plot is identical to that in (a) except there are no impulses at w = +500r and all values are scaled by 2.

(€¢) The plots happen to be identical except for the impulses at w = +5007 and the scaling by a factor
of 2. However, note that in the frequency domain the impulses in (b) are twice as far apart as in (a), since
Th. the distance between impulses in the time domain, is half that in (a). However, every other impulse
turns out to be zero in (a), except the +k ones.

(d) If the period was halved the frequency spectra would have the same shape but would be expanded
by a factor of 2 (the distance between impulses, in frequency, would double). (Also their amplitudes would

be scaled by 2).



(a)

g(t) =10rect(t/2)
gp(t) =10rect(t/2) * Z a(t — nd)

= —o

=
C?p t\.!.-"] ZZUSIHCI«.«J\] ; 51 Z (5|:.\'}-.| — ?15]
n—— 00

= w. T
=107 Z S?-'??-Cf\nijﬁ(c.d - ﬂi)

G,(0) =10
T
G, (n=) =0.n even
Pl 2) y 1L EVE
T

G'pE:EJ =20

3T
G, (—)=-20/3
pl 5 ) J

See plot below.

(b) If the period was doubled the distance between impulses in the frequency domain would be halved.
The spectrum would be compressed in frequency. It would also have slightly different values: G(w) =
B3 sinc(ng )d(w — nT). See plot below.

G, () with T =4
40 T T T T T

301 ¥ .
20t - ‘ .
10F .
. . T 9

1

=15 =10 =5 o] 10 15

o
Gp{w} with T3=3

20 T T T T T

15 . —
10F q b
| [ [ |
o 1 T &

L o &

-5 5 1 1 1 1 1

-6 =i =2 0] 2 4 =]

Figure 3: Plots for 5.158 a-b
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5. 21 ){/w); 72t (w/Z) /7{

£
Ko )
)(Z{w):x; [w-/i) ¢ l /\
X ) ( A-2 A A+l
) «—
[w)+ X, X;[w))([(m A)
A () 7 2’?-('5) ave pomzeso For
A-2<L2 L fr2>_9
range 4 gl JE L s
5.22
(a)
v (t) = sin(50t)
Vi(w) =% [6(w — 50) — 6(w + 50)]
10
S T
T 10 . " 10 "
Va(w) =V (w)H (w) = 7 [104_},506[* 50) — 10__;'50‘5(“" + 50)
710  ed50 710  e—750
va(t) = — S —
(10 4+ 550) 27 j(10 — j50) 27
_9 1 soe 1 o—i50t
7 110 + 450 10 — 550
_fﬁ (;95,3503 - e_jge_j'amj , Where # = — tan_l(S_,r’lj = —1.3734rad
=0.1961 sin(50¢t — 1.3734rad)
(b)
o e P
v1(t) =sin(50t)
Vi(w) == [8(w — 50) — 8(w + 50)]
J
Va(w) =Vi(@)H(w) = & |-—b(w — 50 5w + 50)
va(t) :l; [ P8 et ot. e‘jee_ﬁ%} , where 8 = — tan_l(SD.,-Il) = —1.5b6rad

=0.02sin(50t — 1.55rad)



523 £@)=Z FE) , T 20Me) |, W, T 180w (Red/a)

%{t'} = 1 Css(200omwt) eck C‘g/ﬂ.xfn's)
Gl = [ x ,53[M(153@3—zm)]+ At (m‘ > (ﬁlﬁ:am‘iﬂj]
£ (o) -.-.“Emm G(maxn) S{o-mws)

-

Fw) = ,é.:":'o Lm (BT (n-20\) + ine (2T (mzaﬂg (o)
0.35 ‘sz:}.}'— — T s
0.15} al i ]

V435 o 85 i 15 2

x 10
(b) If the frequency of the cosine was doubled, g(t) = cos(4000xt)rect(t/(2 x 107%)) so G(w) is now the
Fourier transform of rect(t/(2 x 107%)) convolved with two deltas that are at +40007 instead of +2000x.

Therefore G(w) =1 x 10-3 [s-i-n.c[l[}‘S[w — 40007)) + sinc(10~3(w + -lUUUTr)].

(c) If the “off” time was halved, g(t) = cos(20007t)rect(t/0.004) so G(w) is now a narrower sinc con-
volved with two deltas at the same locations in frequency.
Therefore G(w) = 2 x 1072 [s-i-n.c[g x 1073(w — 20007)) + sinc(2 x 1073 (w + QI}[}{}'L’)J] ,



T B foer ¥
g = g4 C
= 2 6 §lwkw)e dw
Pt - o
oo FH g &
- ﬂ%ﬁ Co € éﬂ? ﬁf&yy ?ya/g&/f?\

525.&) e SAMPLED  S16mAL CAN BEe WRTTEN Ag
RO =S E o), T s 4T - T,

Bl = £ Floy % 2 Wsdlan Wy)

Nz=~pa

ﬁzl"‘a: !__/%Q, %Fz(w_ M’LOO)

100 ~ 00 ID 100 00

.b) s = 200 Cf?f&%) 19 Tow Mygurst W
A 1%(-6).. &ug;’ggoém%> 15 AMM‘?._
Jor Prepes Mﬁy of- 5 Ct) .



5.20  V2lw)=H/w)y, ()
/%/W) :m["’%fn)
V() — F {/wwt(e)} z/o/y'wj(%)
Vo (2) (Jo e (eay,) , Jol <ome

o, Jwl > 27t
a0,
ID — ./ X =
0 a2
-2itl 0 Ut
5.27
f(t) = e u(t)
1

Fl::u.,') - 14w
Ep=["_le7!’dt=1%J
Parseval’s Theorem: Ep = 5= [7 |F(w)[2dw = 5=2 [~ 7=z dw

J

_ 1, oo _ La oo —1g v _ 1;
Er = ;ta.n. (W = =tan™" () = =

(2)
/AWWW T L LT (ng)
57,,__7%%/&«1)/ #__{fam(%)) 455 1

E?/Er Y/ Z / = ‘f‘?_,{ wo J, = ‘W

t~:-|.4
(o] [

(b) in the frequency band —1 < w < 1(rad/s)

E, =1tm Hw)|g = 0.25J
EleT * lDD{f‘f _JO%



5.28

(a) P,(w) = Py(w)|H(w)|?
H(150) = 8/200(150 — 100) + 16 = 18
H(200) = EQUD{QOU —100) + 16 =20

Py(w) = (202)0.58(w + 200) + (182)25(w + 150) + (182)25(w — 150) + (202)0.56 (w — 200)
P,(w) = 2008(w 4 200) + 6485(w + 150) + 6485(w — 150) + 2008 (w — 200)
Pyw)

700 G4
00 h

Yoo
oh

30 2
‘\La"*:tw

1 i !
f;w _ (s ~10p 5P Vo po ig 40

(b) Py(w) = Py(w)|H(w)
H(—240) = H(240) = 21.6, H(—180) = H(180) = 19.2, H(—120) = H(120) = 16.8, H(—60) = H(60) = 0

P,(w) = (21.62)[(w+240)+ 6(w— 240)] + (19.22)[26(w+ 180) 4 28 (w— 180)] + (16.82) [38 (w+120) + 35 (w — 120)]
P, (w) = 466.56[5(w +240) + 8(w — 240)] + 737.28[8(ww + 180) + 6(w — 180)] + 846.72[5(w + 120) + 6(w — 120)]

| P\,{W) 4\?"‘6
s NG
A
(0%
Yol
A 4o 4\
00
l W

é""‘"’ "% i
—~pp 180 120 A0 46 120 180 2UD



Chapter 6 solutions

Cl H(w)= 1= Rk (240,) <F> §i6) - e De pinc(wt)=hé)
h(®@) ts WMom-causat -, wmat pﬁysmal{j vealizable..

Hw)
6.2. A
Prse Band PASE Band
“Wg -t W s a5, w.m o 7o
\._./—v——._/
g \/-:'\_)
H(ea) = Aeck (‘*ﬁmm) + Meck (m-am ®
ey = F TR = La oine (GE)EME w.mj P
Aow~-CARUSHL. Ao ciwsm_
6.3 For general T', X (w) = 27 Za o Cko (w‘ = !;fQT—”) where
Ci = %’-smc%ﬁ %amc( 'r;‘)

Therefore Y (w) = X (w)H(w) =21y e C6 (w— k‘g—'”‘) where

m is such that mQT” < 1807 but (-m—l—l)%f—”r > 1807. Using the fact that cos(wpt) < & = (8(w — wo) + 6(w +wo))
and that C) = C'_ for this even signal, we’ll have y(t) = Cp + Z h 1 2C}; cos (L 2 )

Note that Cy = %, (=0 4= %. Ui U o =, Uy =1]_g= e 0 =0 =
(a) T = 0.040, QT = 507, m = 3, so y(t) = % - % cos(507t) + 5= cns(l 507t — 7).
(b) T =0.025, 3% = 80w, m = 2, so y(t) = & + 2 cos(80mt)

(c) T =0.020, QT” = 1007, m = 2, so y(t) = 2 L2 coa(lOO )

(d) T=10.0125, QT"T =1607%. 7= 1 809{f) = 2 S+ —LOHU{)O mt)

(e) T =0.010, 2 = 2007, m = 0, so y(t) = 3

(]

(f) T =0.00625, 2 = 3207, m = 0, so y(t) =

See figures of output signals, next page—>



6.3, continued
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6.4 The SIMULINK model was set up using a Pulse Generator block. a Transfer Function block, and two
scopes, following Example 6.6.
The parameters for the Pulse Generator were set at: Amplitude: 1; Period: 0.04 (for part (a)), Pulse
Width: 50, and Phase Delay: —0.01 (one fourth of period).
The parameters for the Transfer Function were found using [B, Al= butter(i, 200*pi, ‘s’), which
gave B=[0 628.3185] and A = [1.0000 629.3185]. This transfer function is equivalent to B=[0
1] and [0.0016 1], which were the coefficients entered into the Transfer Function numerator and
denominator coefficient fields.
For parts (b)-(f), the period in the Pulse Generator was changed, and the Phase Delay was set to 1/4

the period.

L e Y
S 0.0016 s+1

Pulse Transfer Fcn Scope 1
Generator

Part (a)
e

B O PR B D E

gEB P20 aEE

=




Part (b)

<} Scopel
B LLL ABB

Part (c)

<) Scopel

g8l LLL AHEB




Part (d)

EB LPRL HIEE

Part (e)

. [0
S8 LLL ARIE




Part (f)

@@ PLL WEE B A .




6% Vi() = Rile)+ Ld_? sz.{f)é‘r , Ua () =RAlE)
Vo) = RIM)+3:.1LI(&) e T +“‘“rgﬂm

Vo () = RII‘“) &
R() = \f;,{t.a\ o B

Rl N
"0 ac l+é'ﬂﬂal'ﬁ'c\

"R" TWRC
T R a.l. ﬁ.x :..)

=
o= LB E

Tis 124 BANDPASS f—‘u..'iEa

THE FIGURE SHows A PLST

oF (nilw) | wren R=152
L=o.\ H
C.=4G>F




& G SR g]‘i(t): Rile) + Us &)

+ L+ ) n
L ‘éL ole) = LA® w2 J NG
- o -] m

Vi) = RS + ém\_ (D) + 31?-"'“ Ifum:r;_i@&éa)
Vo(w) = gl +jﬁﬁ + l-g,:l:tﬁ’)%tm

= Valwd) = AL+ _ l -
Hoy= el = T Ese. = — o )
A ) Regolraze LA

f THS 5 A BAdDSTDP

SR tlm-m“n' FI-LTE'E.

Fﬁﬁﬁdﬁiﬂf RESAINSG

|H()]= —= 1 -
e t=am

6.8 (a) w.=2m-10kHz, Assume R = 1k, then

_ 10° _ aH— 11 ° " V2 _ 99 R
L = 57 (10.000)V3 — 0.0113H=11.3mH, € = Y& = 22.5nF
(b) w. =27 -20kHz, assuming R = 1k}, then
L = 10° = 5.6mH, C = —¥2_ _ 11.95nF

(27)(20,000)v2 w1000



*)
YR

2/R rjUJ?—C “!/;Q —jwlCJ ﬂlfa(N) _ WL(W)AQ)
K IR ferwe JLve) °
Frﬁm Aol -
Yo (W (£) —’mt))f 24 (. (¢) —"Vﬁ"")> "
e (%(i)—fvmt)):@

o (Vel®) —Valt))rC dvﬁ} ,

Pind rovvicr Tronsferm o
Yk [’P",{(W)-"’V&(&O)] # 2Ly [‘va {w)—”vﬁ(w)]#/ﬁ[%( ):'\gt)

7 Rz (W> --—’Vﬂ.{&d)) +CJ Vo (w) =6

Continued—>



6.9(a), continued

2 Ve ()
= Al i A
B TR =
s

ARY) / ~&3RC +&ﬂzge_
el = e \177’(4&@“ %Ew
(b)
s - | _______.__.--——-—-' 20,203
CerTRe T FAC \2Tlem)(350) T (nyl,)
(c)

20kHz= 40, 0007 rad/sec. Want w, = \/_R( =40, 0007; letting R = 1000 gives C' = !

V/2(1000)(40,0007)

5.63nF. Therefore we can just replace the 35nF capacitor with a 5.63nF one.

6.10 w, = 27 - 10,000 rad/sec, and let Ry = 100012.

i AT IWOT ‘Dass ~1a 1 3. 192( s .T‘ .:&:-‘_r
The Butterworth lowpass filter is in 6.12(a), with L 20,0000 (VD) 11.25mH
Ve
and C = ; 2

5= {10000)(1000) — 22.5nF, The high-pass filter is constructed by interchanging the inductor

and capacitor in the lowpass filter circuit in 6.12(a). The frequency response is then

H(w) = 1o

.10, 4
V2(2m) (10,000) 4 (w— E=2Z200 )

w




6.11

(a) (Note that you don’t need the “Analog Butterworth LP Filter” block; just use a Transfer Function block
with the coefficients derived from the ‘butter (N, Wn, ‘s’)’command.)

We should select a cutoff frequency for the low-pass filter so that the oscillations in the signal are eliminated
as much as possible. This doesn’t specify a precise criterion, however. Here is the signal before and after filtering
with a 2™ order Butterworth low-pass filter with o, =100x :

2

T T
‘\‘ i I‘\‘ f i ‘
A i

,!u\_“’u

\ \H.‘\‘
WARRRRAANE

i i i |
DD 001 002 003 004 005 006 007 008 003

> 88 58 & 8 3 8 8

(b)

Here is the si




6.11, (c)

's7);

20*pi,

[b, a] = butter (2,
fregs (b, a);

Frequency Response for 2nd order Butterworth, o, = 207

G 1 Ay
[RINN | W e
HHI4 + = A — =l =+ — 1= — #
[RINN | W e

T
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iy | IR
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AR B IR TR i Sl
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o
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apnjube

Frequency (rad/s)

0
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(s9albop) aseyd

-200

10°

10"

Frequency (rad/s)

ERE

= butter (4, 20*pi,

(b, al
fregs (b,

a);

» g = 207

Frequency Response for 4th order Butterworth
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-200

10°
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Frequency (rad/s)



6.11, (d) For the 2™ order filter:

[b, al=butter (2, 20*pi, ‘s’);
h = fregs(b, a, [377:378]);
abs(h (1))

angle (h (1)) ;

Gives: [H(377)| = 0.0278, 8(377) = -2.9.

For the 4™ order filter: [H(377)| =7.715¢-4 , 6(377) =0.44

6. 12(8) £t) = Bol(¥e) < Toome™(Tw,) = F ()

Bl = 27T avee®(Tw/2)
T

Ty ; s
*ﬂVT -I@% *ﬁ&- q&%
ﬁﬁim‘u = Taing (Tug)
T W L7 . T

(E;):5kavtev'fhhng,Jumﬂmtfawl‘fESltTtﬁ M wider bandundth |

6.13

(@) Filter A is a high-pass filter since the DC component of the signal was removed and the high-
frequency components remain

(b) Filter B is a low-pass filter since the signal was smoothed



6.14
@ vy = %Lé(u-zm\—ﬁ(m«-zaa\
THe H16HEST FrReavedor Grpsnent 1S (W 2oo had] | 2.
Fo WOy 7 AWM = Wg > 400 Nadfe

() W = T [5mv) - farme] ~ 4T [§ o) amice) |
+ 30T{562a) v, cweag)|
2 L35 7 AT ned/ ..

ey X{w) = T M(&) I\ X()

Yz 7
0y 72 (200) = dopreffy —Tma =

G Yoy = e (oo AVl

Lds > AceT oy WSt

(e) the signal is not bandlimited; hence aliasing will occur at any sampling frequency. At higher
frequencies, less aliasing will occur.

(f) same as (e): the signal is a sinc in the frequency domain, which is not bandlimited, so aliasing

will occur at any sampling frequency. However, the width of the main lobe of the sinc is 7=,

so sampling at least twice this (w, > 20007) will prevent aliasing of the main lobe (there will still

be some aliasing of the smaller sidelobes).



6.15 (a) Frequency spectra:

(a) For f, = 50Hz:

|[Ws(w)]| for) fs = 50H =z
15007 15007 15007 15007
4007 4007 4007
| 507 50w 50 507 ‘ y
4 4 4 A L w
S S S =) = S
= +5 +2 =9 S =
I C)h | 5 | - k= “ L
: g s S
| | . L
For f. = 100Hz:
JH;S (w)| for | fs = 100H =
30007 30007 30007 30007 30007 30007
800w 3007
1007 1007 1007 1007 1007 1007
o o = = = o o E
S = & =z § & = 8 8 § 8 = g
| | + & i | | ; '
& & S & | ' : o
S g s o k & E =
= = o =] = 2 = =

Continued—>



6.15(a), continued

For f. = 200Hz:

|[W,(w)] for f, = 200H =
60007 60007 60007 60007 60007 60007
S0 200z o0pr | BT i ‘ 200z | 207 | 50" 007 [ o0pr 2007 | 3%
S o o o o & s 22 s o kK & &
S E8E 22 8 S 8= <S§ 8 £ 2g 8¢g8
| | | — o [ IR — ™ [t
. ) | + 4+
E E S & E E E k&
S o = k£ =k
i =5 2 &85
(b) The sampling frequency for this signal must be greater than 100 Hz. Therefore 50 Hz and 100 Hz are

too low; the 200 Hz sampling frequency is suitable to avoid aliasing.
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(b) Sampling frequencies of 507 and 407 rad/sec (sampling periods of 40ms and 50ms) are acceptahble;

sampling frequency of 207 rad /sec (sampling period of 100ms) 1s not, since it causes aliasing.
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Draw the sampled signals using the sampling trains of the previous example

27
,apd I =— .

[ G

T T
Pl o=
( 41 R Ay

al;

Notice how aliasing Jeoks in the time domain.
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(c) The Nyquist rate for the signal is 18007 rad/sec = 900 Hz, so the sampling rate must be greater than

this, or equivalently, the sampling period must be less than 1.11 ms.
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/é,?_f --;_—“—“"‘" _"__f = 4 —-?0&
S (5—13') /S-:rjz (—ét)(—jét) /& e

Continued—>




7.14, continued

(d)
39 _ —0.78 | 30 | 0.30+40.52j | 0.39-052
(s+1)%(s2+4s+13) =HL T (ah1)? kA FHERd
= —0.78e"tu(t) + 3.9te~tu(t) + (0.39 + 0.525)e("2H3Dty () + (0.39 — 0.525)e (23t (1)
= —0.78etu(t) + 3.9te~tu(t) + 0.78e =% cos(3t)u(t) — 1.04e~2¢ sin(3t)u(t)
= —0.78¢ " tu(t) 4+ 3.9te tu(t) + 1.3e7% cos(3t + 94.61°)u(t)
Verify: [r p k] = residue([0 0 0 0 39], [1 6 22 30 13])
- Sé .y =AMl s € ufE-2
&) Fls)-3e _-e = T35z ) (t)
' 5
s |FO o 3(¢-2)
S . cabEt _ . 002
j_e = - 0025
, t=4
j .._-Z_S ﬁ{ _ =3 t
D) )= (4 Y- HE (18 Dure)

_(/'é?,(tfz)) (,{(t--l)

PLEN
gt//\\hr =8 ; ;,é%]
. 3 L
|

> 4+

= ,0025
=2




716 (a)
(b)
(©
(d)
[ g—2e
s(s +5)
(a)
! I :
0.8
0.6
0.4t
o.2r
© ) &
t
(c)
0.5
0.4}
0.3
0.2r
0.1
g o (S]

0.7

Q.61

0.5r

0.4r

0.3

02

0.1

0.25r

0.2 —

0.15¢

0.05




£ i 2
H(s) = TT5eTd

2
s+4)(s+1)
o —2/3 2/3
o + s+1

st4
h(t) = (=2/3)e~%u(t) + (2/3)e tu(t)

(i)

H(s) = =5

5

2sL6G
. is—l—4”s—|—1)

o 2/3 4/3
o + s+1

s+4
h(t) = (2/3)e~"u(t) + (4/3)e " u(t)

(iii) Note the typo (4%—) should be -ldy(t )

After correcting the typo:

N 6
H(s) = P P e

—3 —3
.5—|—l + s+1—j + s+1+47

h(t) = 6e~tu(t) + —3e(~1+MDty(t) 4 —3e(—1-Dity(t)

= Getu(t) — 3e et + eIt |u(t)
= Ge "u(t) — e~ " cos(t)u(t)

On the other hand, if you neglected to correct the typo:

H(s) = 6

0.1197 + —0.0598—-0.7933; + —0.0598+40.7933;
5+7.0403 s—0.0202-0.53265 5—0.0202+4-0.53267

h(t) = 0119779408ty (¢) + (—0.0598 — 0.79335)e 02024058265}ty (¢) 4 (—0.0598 + 0.7933)e(0-0202-0.58267)

= 0.1197~7-04038 (£) — 0.1197e%-929% ¢05(0.5326¢ Ju(t) + 1.5865¢9-020% 5in(0.5326¢ )u (t)

Continued—>



7.17, continued

(iv)

(i)

Continued—>

H(s)

h(t)

4s—38
53 —524+2
1.240.47 1.2—0.45 —2.4
s—1—73 s—1+7 s+1

(1.2 + 0.45)e 1ty (t) + (1.2 — 0.45)eA 1Dty (t) + —2.4etu(t)
2.4e" cos(t)u(t) — 0.8e! sin(t)u(t) — 2.4e~"u(t)

2.5298¢" cos(t + 18.4349°)u(t) — 2.4e*u(t)

_ . i s 2
s(t) = LT[H(s)3] = L7 [mrserss]
2 _ (1/6) | (=2/3) | (1/2)
3 5ol o s+4 + s+1 s
§° + 08° + 4s
s(t) = Ze Mu(t) — Fe tu(t) + su(t)
1 ;
H(s)— = L v
_ _1/6 |, —4/3 |, 3/2
= s+4 + s+1 s
s(t) = e Mu(t) — getu(t) + su(t)



7.17(b), continued
(iii) (after correcting the typo)

! 6
si4+35° +452+25

_ 1.54+1.57 1.5—1.57 —6 3
s+1—3 T s+1+47 I s+1 + 8

s(t) = (L.54 1.57)el=1HDty(t) + (1.5 — 1.55)e(~1=Dty(t) + —6etu(t) + 3u(t)
= 3e~tcos(t)u(t) — e~ sin(t)u(t) — 6e~tu(t) + 3u(t)

= 3v2e~t cos(t + 45°)u(t) — 6e~tu(t) + 3u(t)

(iv)
1
A _ 488
H(b) . — st _g3 1235
o 0.8—0.45 0.8+0.45 2.4 —4
o s—1—j * s—1+7 + s+1 + 8

s(t) = (0.8 —0.45)eTDty(t) + (0.8 4+ 0.45)eN=1Dty(t) + 2.4e~tu(t) — du(t)
= 1.6€e? cos(t)u(t) + 0.8t sin(t)u(t) + 2.4e~tu(t) — 4u(t)
= 0.8v/5et cos(t — 26.56°)u(t) + 2.4e~tu(t) — du(t)

(c) Taking derivatives of the results in part (b) (and using < (f(t)u(t)) = f/(t)u(t) + 6(t)f(0)) gives

the results in part (a).

(d) Partial fraction expansions were done using [r p k] = residue(b, a). For example, for part
(a)(i): [r p k] = residue([0 0 2], [1 5 4]). For part (a)(ii): [r p k] = residue([0 2
6], [1 5 41).

7.18 (Note that these are just possible answers; any other answer that satisfies the conditions is correct)

(a)
#[5) s / . ’ .;S ).e,f;.gﬁait

(b)

(©)
Samie ay (O

continued—=>



7.18, continued

(d)
/05) =
) (57-:‘)2 rall
©)
#(5) =

) S
(0 . _
HS)- S+

Spzeed

(g)
Senne as(A)
7.19 (a) (i) stable

(ii) stable
(iii) stable

(iv

()(16

J(149)t

) st
)
)
)
)
ii) e
(iii) e~
iv) €
)
i)
i)
iv)

l‘|‘j)t_ ( s J) or e

r _WQZA/fﬂ%)

Can( f+¢9)

h(t) =06(t)+ Ce ™" cos(t — ©)

not stable

Feos(t), e

1_3');&:6—1% or e’ cos(t), €' sin(t), e~

b or e cos(t +0),e"



7.20
(a)
}/( )d “fZ X/) 57‘6’«-

W) V) = Sra - o S
X(s)  Stb& S+6 Srb

h /af)_--&té”“u/f) (e m{f)) Ae ’/ﬁ/f)f _be M@
+£760t)
hi€)= 5(E) » (a-b)e®" u.{t)
(b) We know that A(t) = ?t s(t) and here s(t) = e~ cos(bt)u(t), so
h(t) = —ae™ cos(bt)u(t) — be™ sin(bt)u(t) + §(t).
We can also find the solution using h(t) = £ '[H(s)] where

N _ Y(s) _ s(s+a
H('S) — X((S% - (S—F(a)?—l—)bg .

7.21
@ N (24t %

¢ 2t =St ~(2#3)C Re(s) -2
_f”e m/ﬂe alé:afe B Iy ’ %
(b)

/- e 2tu(t —1)e "'dt = [ e t2+e) gy
= e 2 ROC : Re(s) > -2
(c)
© 2t -5t (2: s)t /

P_Se,z [,L/ut)e ¢ = M*"—g;ﬂ

S — co - ,ROC: Re(s) < 2
(d)

/-- e2tu(—t — e %dt = f__i et(2—s) q¢
= —15e°72, ROC : Re(s) < 2

(e)

_56 “ttr ) st 5 - 2

Contmued%



7.21, continued

(f)

[ e~ 2u(—t + 1)e”"dt = JL oot )dt

= 5Le? ROC: Re(s) < 2

7.22 Using known bilateral transforms of exponential signals:

(a)
F(s) = S—I—llﬂ - iS,ROC’ : —10 < Re(s) <5
(b) does not exist
(¢) does not exist
(d) ; i
F(s) = e T E,ROC : —10 < Re(s) < —5
793 (a)
F(s)= [ et Sl — o [eITR g 1))
= L[e% _ &5, ROC :all 5
(b)
Lle*(u(t+1) —u(t—2))] = Lle**u(t + 1)) + L[e™u(t — 2)]
Lleu(t+ 1) = e L[ u(t +1)] =e®ZLre®, ROC : Re(s) > 5

Lleu(t —2) = VL[ Du(t —2)] = ez, ROC : Re(s) >
F(s)

ﬁ[ES—S _6—25+IDI

ﬁ[elﬂ'—ﬁs _ E’S_E']

Note that the ROC of the sum is in general the intersection of the ROCs (in this case Re(s) > 5),

but since we know it is a finite-duration signal, the ROC is in fact all s.

Continued—>



7.23, continued
(c)
Lleu@—1)—u(—1—1)] = Lle®u(2—1)— Zu(—1—1)]
Lle™u2—1t)] = L[S Dy(—(t — 2))]
= €e!%Le7?* ROC : Re(s) <
Lle®tu(—1—1)] = e 3L[eS D y(—(t + 1))]

= &_—“ L —=e®, ROC : Re(s) <5

i r . 10—2s —57
F(s) = 1_‘{;10 20 _ go=5]

- aidhd fumclim
?-,2%@«13# ” __l*:i+ 5
Sis+) S | 5+
From 7.93), J12) = ?,,,_(.,t)ﬁe:tm—,t\
(b) RW m Mm.bﬁm
JUE)= Fuit - S Zulf)

(&) q wm --9 JI?L#
hfbﬂ =-Ful-%£) - 9
(@ e {20 (BYJled=q L) fLe0)=O




.25 x(5) - 272 = = 2
7 ) (5%/)(5-—9 Se | 7 Sl

Ted 2L —f , g +5——ivl‘

) Rels) K-l , rt)=e wl-t) —2e Cll-t)
F<@-€(5)<i 5 %i’z‘*) € éc(f) 2 M(*t)
Re(s)Hi , wlt)=_& wit) 4 26 ule)

b) 2@/5)(_; %(_f__ —I{.lls){l ’fZeCs)/),f
: 22 Z

C> 7Y Ro()<-1 7 (t) /s noncaossl

7%’44@2[‘3)@ > Hl) 1S 2-theledd

r Rels)y1 , ) s Cessak

c/) for Re(s)~1 ) X(t) 15 net BiBo Stable
FrradBe(s) < > 9&/7.9 15 BIBY Stable.
t7r BLED Y1 5 A) IS Nt BlES stable

) Ze(s)< i 5 Fnak Value 40 o
7%?’447266),{; o el zdlece. g O

7 @(5))/! > el plee  dels sa0f-
Erl5]




2.2¢ A blt) Gusall = boft fnetrns ans
N yighit —Sided

b .o 2eln) Yo & elb)y o
b) 2. Lided = one IS left _Sided b ora s gLk —Side
eilter Re(B)<o pnt R2{d)>0

o Re (o) <o <Re(b) . mfﬁf_i_4
Ol il ~b —-&

c) Bt Lht. Sidect
Rel0)<o f Ro (L)< /_S”"‘*
7,07
H5) = 51 e/ S
(514 )(5+ ?) i‘f# 5*;7‘ <

bt W
wt)-3 " wie) 4y & i e)

7 28 Hes) - f Tuled AL ._/a -4, 3
(Ste)(55 )5 -3)
Lombergen 1o The s7git of- J'*/
~10 =5 =D . Fluse arg mywﬁs,w wme ﬁ/%oé?‘bms
Coninerg ed 10 7le Left of 3 > < Tiss /5 left= Sydesd.
Arive fometsimn




7.29

(5’1) 1('6):65%,{,({*) , X{g)_.__sig > Re(s) 75
hit) = wte) , H(S) =L, 2B
() =HE)X) =L, 255

B | 5/525)
Vi5) = fe -f-'/;'_s = )Y bﬂ(t)*—-%ﬂ’%bt({-)

3
=i (€7 )wy

£

(b‘)\

Ch -
H(S) — lt’*)g L %6)745
—2s €—4s
Y(s) = H(s)X(s) = t555 — 573
2 — a4 =
- s+1 + {s—l—l + - }

730 hlt) =€ ute) _
x) Y- sj_a' , ReG)>) %
No7 ZIBo  Stadble '
/5*) W/Z"): X (E) H./f,fﬁ{/ij > Wé)-:/‘(/S)——A 7/9>
T =) btt) > YI5) =1() H(s)

Part (b) continued—>




7.30(b), continued

V(5) = cofs) = X(5) - AYE)

H(5) N
_w(S) , WS = HE)

Y@[H(s rA) =X % |+ AB(S)
| {
- i1/, .. ne IS) - S _s-
c) Fﬁ;«fﬁﬂb//?; LKA AN '+£7 5’-42::

|
S A=l

fs lmg a0 A1 Do , Frese TPe pole o A=
Wil e i The FPEE faff—plase anal Alre
SYsHnt poitf e Jlable .

(e pegerpe. A



Chapter 8 Solutions

, . iy
sl L% FRL=AG =2 9}"- :-é-&-f-zvv;;)'f/é Ri

&

() X,=4 , ult)= v}, y=

]
y—"fI+Lk

Y= K
(b)Y x=wp =RL 4= ,QZ
Ly-= —-Lx+7_!-u =



8.3 (a) Letting x1(t) = y(t):

(b) Letting z1(t) = y(t):

117'1 =

(c) Letting x1(t) = y(t) and xo(t) = t;(z‘)

(d) Letting z1(t) = y(t) and xo(¢t) =

(e) First correct the typo (3yq(t
= Y2

Let z1(t) = y1(t), x2(t)
;17'1
y
;1?'3
Y1
H

(f) Letting z1(t) = y1 (%), x2(?)

]
Ty
T3

LU1_
Y2 |

y=1
():

0 0
=| -4 -2
| -6 9
1 0 0
10 10

= yo(t), and x3(t) = yo(t) = 22 (t):

-2 _4
= 0 0

| 1 -6
1 0 0
o 10

—axq + bu

I
o

I

Iro
Ia

wlo O
| I
oed

) in first equation should be 31 (#)).
(t), and z3(¢) = 91 (t) = Z1(t):



L—-—Eﬂﬂe@rpﬁ ¥

(v) X=-Hx+U
§ - 6x
() ay
— ¥ = U(f
h L/W) Gut)
(cl)‘”- . _"‘& e
Ym0 £ e
G 3 = 5 y=[o 581%
e (e g+3§+5=56ﬁ-

Continued—>



8.4, continued

©) Hig)- s 1)

&% (35 % s+

(b) ° y O 0
4 g o | |27 [Olu
_.%1 -3 "’3 |

y = [lo 20 0] %

(© dY ., ,,3(,2,4, e godﬂ,*/wu(n
dt’



85 ) y= 2y b4y

(b) X ==2%+U
y= 1%

ey Yes) . 4
LLs  OtZ

A=[-2];B=[1]1;C=[41;D=0;
Ld') [n,d]l=ss2tf(A,B,(C,D), pause,
A=[0 1;~-12 8];B=[0;1];C=[40 0] ;D=0;
[n,d] =ss2tf(A,B,C,D), pause
A=[0 1 0;0 0 1;-15 -10 -20]1;B=[0;0;1]1;C=[50 0 0] ;D=0;
[n,d]l=ss2tf(a,B,C,D)
Continued—>




8.5, continued

() G — 10geh) » 21yl =GHuh)

(4) .
u—'—égﬁ’/ﬂ, Xa
i
Xa

(b) _Xj_"- 6 1 {x +[O Y
a4 10\ T '

U= ey o X

C
(€) H(s)= 64
s* 05421
(d)
>> A=[0 1; -24 10]; B=[0; 1]; C=[64 0]; D=0;
>> [n d] = ss2tf(A, B, C, D)

Continued—>



3.5(5) '
oo« oo =10

(o) (b)

= X3

(d)
>> A=[010; 00 1; -3 -10 -4]; B=[0; 0; 1]; C=[10 0 0]; D=0;
>> [n d] = ss2tf(A, B, C, D)



8.l tay £ =31 +bu

%=4¥

(b)
sl —A=5+3
H(s):C(sI—A)1B:4S41_3(6):S2j3

A=[-3] ;B=[6];C=[4] ;D=0;
l2) [n,dl=ss2tf(a,B,C,D)

Y

continued—=>




3% (b)

(Follwnny examfl 3.10 ;
(alcvlabion of rfSo/W} matax (ST-A)

sT-A = [og - IJ [%o 5—-']

adj (sI-A) =
- s$+5

det (ST-A) = (s+5)(s—1)-(-2)(¢)

= s5%+Ys4)3
_ 7
s[-A > s i~
LA AT Sedst13
= s+5
e .
corls 413 g°+q$+13'i

His) = ¢ (sT-A)"'B

I ] |2 e ||

- 52 ’
- ¢ Jg

shrynz s> | L

— L
_ﬁj—-S-- B |35-+L”

Sﬁ‘qu*|3 — e ——
594- Us+ l 3

W\
(VA
—

{ |

a5+
Crist)3 |

=

continued—=>



8.7(c)
>> A=[-5 3; -6 1]; B=[1; 2]; C=[5 4]; D=0;
>> [n d] = ss2tf(A, B, C, D)

(d)

Continued—>



3.1¢)
sT-A-

det ($14)7 5 (s+ Wt)3 =3

@I’ A) g

s -l

] (74 [#2 1]

1

13 s+
2rlfs 43
" I
;%E%& SHsH3
s
3 2
T

H(s) - C (sT-A)7 B [H 2] (sTA)” [ ”

= [y 13 ”?}q;;,;

(2
>> A=[0 1; -13 -4]; B=[0; 1];
>> [n d] = ss2tf(A, B, C, D);

S

L—

C=[41 13]; D=0;

Gl

-

s

Y|+ 135
= 5"4—”‘5'} ]g



3.8

(q) ).(F- Xa
)(:l-" "SXF-Q‘X?'*m
2 . +|0
i- (54 [
g - [3 41X
) cr-p= [s - adj (SFN)= [S** ']
[5 S+

————

$has+b  SRasts

db(sTA)= s(sia)r s (STA) - Ff..s S-,;_'z—,-SJ

;S‘;’+25*5 -5 s

Ho (s)= ¢ (sI-A)"'B= [3 H](sIfAJ"[c,;jl

_'
[3 Y] .s‘ras+£ ~ 2+ 45
s T s%as+b
-
53,;0154-5

() &+ 2dy + Syd) = Ydm , 3m(t)

Continued—>



8.8, continued

(4)
X_g - *‘3)(3*6,
m) = 1Xs

(e) (SI’A)-' 2, ’S_lr.g.,

Hoes)= ¢ (sT-A)76= Y _L_ |

s+ 73

-
a—

Yy
53

(F) A 30 = Ye(h

(9) ")Z‘- rO | o] (X e d
L% |-5-2 4 Ll Yo
K| |34 -3 X R
y =[3 Y 0] fﬂ
| %

Continued—>



T easiest o Gnd  (SI-A) " n MATLAB (o Using A Symbrlic @lculabr)
> s=sym(s),
> M=z[s -1 0; 5 sta -4, 3 U s3]
Z W (M)

>> Syms s;

>> M=[s -1 0; 5 s+2 -4; 3 4 s+3];
>> inv(M)

(SI’A) Lo [ 52+ 6s+2a S+ 3 H ]
»*

-5s—27 s™3 Ys
$%5s%+a7s+ 37

~3s+ 1Y —Ys-3  ShAS5

[

K6Y= ¢ (sI-A) B=  Ja+l6s
c-[340] 53 55?0075+ Q7F

(8]

() A% 5d% a7dy  azui) ~13ul I du
TR agal AF

1))
>>A=[010; -5 -2 4; -3 -4 -3]; B=[0; 0; 1]; C=[3 4 0]; D=0;
>> [n d] = ss2tf(A, B, C, D)

Continued—>



(¥) Hoesy= 4 h(sy= 2+Ys
s+ 2 e

S%2s+5
Ho (D Hp ()= 124165
ST ISR
His)=  H(s)Hels) Ja+ 1S
¢ (< [2+1Gs_ S Eghils4)5
|+ H (S He(e) (1+ Slig*”;@(s 5s7+1/5+]5)
= |d+1lrs

S 52375+ A7



2.9
oalls (8)—(c) owe Mo Some 08 9.8 :

] e I = 6
(4) - X - [% L X }:CIW‘
y = [3 41X

(v  sTA= [é ;:9]
@:’A)’l ) [?sa s‘ :( /@%295)

- )
he(s)= [3 41 S T O]
5o 2= l

= __fi'_".'.s__.-
5%+ >
() MY Lady , Bylh)=Ydm 4 2m()
Gf rAgE 070G
()  m=4e
(e) HL(S);Q*

() m@)=ae)

Continued—>



8.9, continued

34 (9) ¥
0, 2 20X+ AN+ (5 -a)x,.L U

.;’”)ﬁ v -10% + U

o u)e e 14

yw= > 4%

=1 (A= [57 10 l:l
() sI-h [j S—H()] aa!)(sI) [»—n =

doH(sTH) = s(st10) ¥l = 24| 0s+ 1
@:’A)"; [5*:0 sl} /(s“+10.<,+ll)

—

10 |
H(s) = C (ﬂ’ A) 8- fg 4l 55:;0911 s jstll 0
1) s '
et S0l

[3 L,:] S"‘—r)osfll = ‘(ij%s,
- - < lps+ |
sorpst )

(l) +10‘;y+11y(z) 6u(t)+8‘z;_

>>[n d] ssthA B C D

% + 25 = 64—25
72—
HC/SLEL——L (I or35 (So,(%*E) m

BHcLE v ,Ws



o -
(b 131‘-9[:/5+4 -5'[-.: 5% 35-4
O s5-]
wWeasI-Aeep=—»_t_  Al31 B]To].2
His E F})BfDIﬁrﬁ_'m[x i1 5 3+‘!][1]+Z
..'.:-——-j-- 5 4 51"% - |
I }:—”ﬂ]” PEne T s‘:i?f}f

(¢) 2=10 1;-4 -51;B=[0;1]1;C=[103 23} ;D=0;
[n,dl=ss2tf(A,B,C,D)

»2—> )
= 7
s

w=[a 1]¥ |
s+3 |} _,.__.L.._ [l] 2
($) His) = -I;.-%:Il [2 fl[,f s][,] “'Z"HIPHIB J s|*

=517 _ 4, . 29T+l
3r4+35-4 52435 -4

(d)
>> A=[0 1; 4 -3]; B=[0; 1]; C=[9 1]; D=0;

>> [n d] = ss2tf(A, B, C, D)

Continued>



?’.1{2(/1 ) XY= - 2N +4UlL)

(£) = %Lt U T
@ 9 4]
SXISY =~ +4 )
YisD) = K(sY
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>>[n d] = ss2tf(A, B, C, D)
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H:.s)--,-—}—m [ o][ ][y]._‘____ [s _]

_E5
j?.,l_.]-

-
i

(@ Z(S) = L5 +45
L ] a5

}
—_ -~ »

Yo 2s  Leth e gy




2158 % =-3¢L+bu
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g 1L o (o.c( 2t) +;312 e SM(Z‘D

O

>
> laplace (13 25+ 1) /(54 (57 2+4es 4 )»)
¥S+3

() yu)-
j Ye(h) + Ye(), where Yelt) was Loy |
0
port () owd %PU) was  fund 1 pay (;;

Y= 5 osi2n- 3,2 s;n(’gi)ﬂ{l Yyl

e é cos(g#)
w % ¢m (2t) ,
+ :?L/
[ )3 l 503(2}’) — )"IO -2%
}’é sm(3t) +>0
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D(s) = F3OOIE =47,
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£.21. (@) From Reoblem 21015, Hisy = 254 %
3*¢3s -4

oy Let §=[7 ] Pegt=]l /]
8= Pap <[ [43) P=[4 b4l ] [10 :ﬂ
B =P8 = zz ) [ﬂ"[:]
e FCP =] ,][' -f]....z:o 1; Dp=D=2

[ e o
y = [o Jar + 21

{€) A=[-2 5;0 1];B=[0;1];C=[1 1] ;D=2; ;0=[2 1;1 17;
P=inv(Q) ;
AV=Q*A*D
Bv=0*B
Cv=C*p
Dv=D
pause
[n,d]l=ss2tf (Av, Bv, Cv,Dv)
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Note: part (b) can be different for each student; parts (c)-(f) are self-checking.

TRy L) = —FKE) 4gue
e = 2%

| Hts»-—a[SI A.‘l%w o 'z[ w] 3

Note: part (b) can be different for each student; parts (c)-(g) are self-checking.
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>>A=[010;0
>>P=[110;0
>> Q=inv(P)
>> Av = Q*A*P
>> Bv = Q"B
>>Cv =C"P
>>Dv=D

>> [n d] = ss2tf(Av, Bv, Cv, Dv)
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oo
— —
O -
2

]; B=[2; 0; 0];C = [1 0 0]; D=0;

(d) Show that H(s)=C, (sI-A)" B, gives the same result as in part (a)
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‘E,’ Q“}’ -C»p@w Dmh[em <Z N
A, ETE = __f“?-+4s+5 0 = (s+a-g)(seargr)
T-LQSL% T <0, ?ﬁﬁzz B es o commi =
e {“%S'Jﬁ?w‘ is S;fable e e

(hb ) 5 r-u\h ‘5“%9’ v maées
FEE it A AT

(C)
>> A=[0 1; -5 -4];
>> eig(A)
g.Q%
_[o VO cT-K)s]% =1 ©
(a) A’[ool} (I } /O s -1 :53*53'5 = |
=) o
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CHAPTER 9 solutions

9.1 x1[n], xa[n] and z4[n] (parts (a), (b), and (d)) are all equal to the

constant signal z[n] = 1 for all n. The one that is different is xz3[n] (part (c))
which is equivalent to the signal

zn]= 1,n#0
= Z2,n=0
9.2
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+ + + 1 i i i i + + +
—3 —2 —1 1 3 8 9 10
ey e
s
To[—3 — n]
3+
2 4
I ] I 1 +
+ + + } } 1 1 1 4 + 4 - n
—-10 -9 —5 7 6 5 —3 —2 —1 1 2 3
I i B
_92 1
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9.5

Replacing n with —3n — 1 in z[n] gives:
y[n] = 3(u[3n + 1] — u[3n — 7|) + 6(u[—3n] — u[—3n — 7))

and using the facts that u[3n + 1] = u[n], u[3n — 7] = u[n — 3], u[—3n| = u[—n],
and u[—3n — 7] = u[—n — 3] gives:

y[n] = 3(u[n] — u[n — 3]) + 6(u[—n] — u[—n — 3|)

y[n]

9 -

s 4+

7 4

’ p 6 T

5 4

41

3 T+ P 3

24

1 4
4 + + + + + n
—5 —4 —3 -2 —1 1 2 3 4 5

91. 6
f»’k) ﬂé[mJ:Aﬂ[@m+mg+'g
Lot aumt+no =m — W:_.CL—W'——;:-P’I&

A rfo] = 2y [.'F_m——i-m ~ B

“D) = e len-wnd P

D

(b) xq[n] = 1.5x3[—n — 2] + 3 = x3|n] = s2¢[—n — 2| — 2.



¢ 10/

z1[0] =  1.5x3[-2|4+3=15(-2)+3=0

r1[1] = 1.523[-3]+3=15(-2)+3=—
1

=
SN ]

w3 o

71[2] = 1.5z3[-4]+3=1.5(—7)+3=—




9.8

Xa,odd[n]
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9.8, continued

Xc,odd[n]

c,even[n:I
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9.9

(a)

So this 1= neither even nor

—x[—n].

1
¥

2[n] # z[-n], 2[n]

(i) z[n] = 3u[n — 2]:

odd.

odd.

(ii) z[n] = —n, z[—n] = n, so z[n| = —z[-n] =

(lllj .T[n] = 02|“| L D_2|—?1|

(iv) z[n]

even.

—_—
R

64+ .2" +.

odd.

E—
S

(v) sin(2n) = —sin(2(—n))

neither even nor odd.

R v
e

(vi) sin(n—m/6) # sin(—n —7/6), % — sin(—n—7/6)

Continued—>



9.9, continued

(b)
x[n]=6u[n-3]: neither even nor odd x[n]=-n: odd
8
5‘«\ )
6 | —
4 0 L ¢ | ‘
2 I |
-5
0> ‘ : : :
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4
x[n]=0.2"":even x[n]=6+0.2"+0.2 ":even
1 ‘ -t ‘ ‘ :
150
0.8
0.6 100
0.4}
50
0.2}
0o o o @ Y o0 o o @ w w Q Q @ |
-6 -4 -2 0 2 4 6 -3 -2 -1 0 1 2
x[n]=sin(2n):odd x[n]=sin(n-7/6):neither even nor odd
1.5 : : 1.5 : :
1 [ L/ 1
050 © R ‘ ‘ | 05l . ;‘;
-0.5¢ | OBN)) -0.5\ / :\; O
A .
-1.5 : ‘ ‘ ‘ -1.5 ‘ \ ‘ ‘
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4

Continued—>



9.9, continued
(o) |
(i) ze[n] = ﬂﬂH—Jﬁ = 1.5u[—n — 2| 4+ 1.5u[n — 2],
7] = i s s 1.5u[n — 2] — 1.5u[—n — 2]. (plotted below)

2
(ii) zo[n] = z[n] = —n, z.[n] = 0.
(iii) z.[n] = z[n] = .2I"|, x,[n] = 0.

(iv) ze[n] = z[n] =6+ .2 4 .27, x,[n] = 0.

(v) zo[n] = z[n] = sin(2n), z.[n] = 0.

(vi) ze[n] = Ei"':n_Tr”’S:'_F.;in':_ﬂ_ﬂ’;Ej = cos(n) cos(27/3) = co { }J(—0.5),
r,[n] = Ei”':n_ﬂ"je};Ei“':n_m"ie} = sin(n) cos(w/6) = sin(n)(v/3/2). (plotted be-
low )
A even part of x[n]=6u[n-3] A odd part of x[n]=6u[n-3]
3 3
2 2
1 1
0 o 0
1 1
2 2
3 3
46 4 2 0 2 4 6 4-6 4 2 0 2 4 6
) even part of x[n]=sin(n-7/6) ) odd part of x[n]=sin(n-1/6)
1.5 1.5
1 1
0.5 0.5 ‘ ‘ ‘ ‘
o T > | | ol
. Ny |
1 -1
1.5 1.5
2 ‘ 2




5 1,11@,, rteln]=e

neln)
Sl 0L WO B0 R O T Heln) = nef-w)
¢ "'ﬂo(}«}
: T T _L i . I ?(o[MJ.: 7*-[”]*“[""‘] ny,o
1
(b> ?{s[a weans fuml Ne(s)=0 Tl o ofter

cluning LA
L1 () %[w]__mw] => %o[0) = ~Mo[0] 5 Ao[0] =0
7{_@[&} =N, [_::-] ')(.o[_-] 'M[J

(-b) E_%[V‘J - i?{o [n]) 4 gﬁt[ﬂJ:%—%[—"ﬂJr% Na(v)
q.ll, It ns-n m"ﬂu. demﬁm

LS 2 YIn1+ 2 2] = O
n=20
2 X[n] = 2 XeIn] +z X, In]= 2 XoInl ,(sz« )
Nz=a0

9.11 (d) Similar to part ¢ we can show that >, z[k] =7

k=—mn
> k——n To[k] = 0, but it is NOT true that > 2 x[n] =372 x.[n] in general
if ny #£ —ns.

r. [k] since



q12.¢4) &, In] =2, Inl + X, In]
X, Inl =2, Fnlt ¥, Inl= X In1 4% [n]l =%l ., even
(b) ¥, Inl= ¥, Inl +%,, [n)
2ol = %, Fnlt 2, End= -, Lhl-%, i = - X, En , - sdd
(&Y X,In1=XoTn] +%,n]
BePnl= Xabnl+ LEN =X, [n]- 2, Tn] | . ntir
(4} X JInl= Xp,Inlx., 0]
Yplnle de IW ¥, In] = X0 TnlY g, [nd =X, In] , .\ e
(&) XIn]l=%, Inl%, I
%, Fnl= ¥ EnlZ,, ] Ex,ﬁlﬂl_-‘l'”fnﬂs XD, .. even
() X, In]l=X In]X,[n]
Xy bnl= X Enl 2, Fn) = L Il 0l] = -2, In], .- 224,

9.13
(a) z1[n] = :3.05[21%”): need %‘1 = k2w for some integer k., = Ny = 10,
periodic.
b)) zo[n] = sin(£E2): need £ Ny = k27 = Ny = 25. periodic.
] n] (22) d &Ny = k2 Ny = 25, period

o samm . i - {
{C) 113-?-1- — E’JT‘ pE‘TlOdlC= 4?\ME] — 2[]'

(d) ves z1[n] + x2[n] + x3[n] is periodic with period LCM (10,25, 20) = 100,



; : . &5 g
8. 14.c) xCnaw]= 3TV L 23TV 2§51 o e PN

o BTN = M= bk 5 b5, A=l
) XTI+ N1 = @37 &1 L Epranh pit peieds

) yinswd= i ei™ . sywermh, M=l (2140°1)

> Xrnan1= T L o onf pt goviedie
(&) XIn+N1= Lo8 &tinfy + 30py), 3 =onb, p= 116 | py= 14

’ A3 ny 503N , : ;
(F) xInsN1= &39I - 02 M=o, nef gparientie

(g) From parts (a) and (c). €>/7 has period Ny=14 and €’ has period
Ny = 1 so their sum has period LCM(14.1)=14.

(h) From part (g), e/>™/7 4 727 has period 14 and from part (e) cos(3mn/7)
has period 14; so their sum has period LCM{14.14)=14.

(i) From part (f), the first term, e7”%" is not periodic. So the sum 773" 4 727

1s not periodic.



LS. L=nT, XInl =85 (2nT) jwye 2w, T= 1
Ny= #8] gamplea on the fundomedal geriod..
(8) (&) 2Inl = Cos (zmnT)
kInen =602 (2wn +2%hy) | . 2UN, =20k = k=1
.\ penisele with Agaé_ Lemutant gigual)
Lii) XInT= £6aL0.27n) = (44 (D.2%N1 + D.20K)
G 0.27K= 27k = Ky 5% > Npoio, kel | poisdic
2iiD) XDnl = Coa (p.250m) 2 L8d(0.257n + O.259 I
025 0K 2k > M 2R o ey b=l L goisdie
L) XInl=084 (5.2LT0) 5 CAlazZLwn + B24T X))
L O.UTK=2rh > My Ll 2 2004 100,
L H=i0n, e =13 punddie

(W) XLl = 888 (UUR) = Cha (10701410 T K])
~ 10 Ny=2rh ,v;,zg. => 4=], k=5 . griodie (conddand)
() xrn]=L68lg wn) & coa (£7m + S 1)
o N2l D> bk o N3 kel gniodee
(b)(i) b=l tid) b=l L) b= (&) WNpl (i) H=io iid) =8
tv) 6213 D be5 (w2) &=4 WML WMl i) K)s3

9.16 Want to find 7 such that e */7|,_,r = e~ ("T)/" = z[n]. The sampling

rate of 10Hz means T' = % = 0.1sec.

(a) Need e ™0-1/7 =0.3" —= e V" =03 = —0.1/7 =1log(0.3) = 7=
—0.1 . ;

w = D.':]S!;.

(b) Need e~ 7/7 = 0.3 = same 7 as (a).

Tofindwneedw-T=1 = w=1/0.1=10.
(¢) (=0.3)" = (0.3)"(-1)" = (0.3)" cos(mn). From (a), 7 = 0.083.
i =m)0.1 = 10r.
(d) Same 7 and w as part (b) because the sin instead of cos and the additional

1 just change the phase, not the frequency.



9.17
(a)
(i) cos(mn 4+ mwNg) = cos(mn + 27) = Np = 2k for some integer k; Ny = 2,
periodic.
(i) —3sin(0.01mn + 0.017rNp) = —3sin(0.017n 4 27k) = 0.01Np = 2k =
No = 200, periodic.
(iii) cos(3m(n + Ng)/2 4+ 7) = cos(3mn/2 4+ 7+ 3nNp/2) = 3Ny/2 =2k =
k= 3.Np = 4. periodic.
(iv) sin(3.15n + 3.15Ng) = sin(3.15n + 2rk) = 3.15Ng = 2rk = N/k =
27/3.15, not periodic since not rational.
(v) 1+ cos(0.5mn 4+ 0.5 Ng) = 1 + cos(0.5mn + 2rk) = 05Ny = 2k =
No = 4, periodic.
(vi) sin(3.157n + 3.15wNy) = sin(3.15mn + 2rk) = 3.15Np =2k = Ny =
2k/3.15 = 200k /315 = 40k/63 = k = 63, Ng = 40. periodic
(b) (i) Ng = 2, (ii) Np = 200, (iii) Ny = 4, (iv) not periodic, (v) Ny = 4,
(vi)Ng = 40

9.18
(a)—C (alternating + /-5)
(b)—D (values 0,+5,0,-5 at n=0,1,2,3)
(c)—DB (constant 3)
(d)—A (values +5,0,-5,0 at n=0,1,2,3)
9.19

(a) z,[n] = 6[n+3]+8[n+2]+6[n+1]|+6[n] —26[n —1] —26[n — 2] — 26[n —
3 —26[n—4] =3 . _ad[n—k —23%_, é[n — K]

(b) zs[n] = =232 ,8[n — k] +23 4 _; 8[n — K]
or=-20n+2]+d6n+1])+2(8[n—-1]+dén— 2]+ dn — 3] +48[n —4])

(c) z.[n] = —28[n + 1] + 45[n] — 26[n — 1] + 26[n — 2] — §[n — 3]

(d) z4[n] = 36[n+3]+26[n+2]+6[n+1]+6[n—1]+26[n—2]+36[n—3]+6[n—5]



4.20 3 T T T edd for (b)

wn 5 rTHF et
>D =2

9. 21 ﬁ‘) WI[HJ =73 [Tz{'x[m_]-“r#(“j[m])}/]
(] = T, (x4 T3 (12 20} =T4 (50D} ]

]0) " [”1] =T [”’?2 [HJ) =T2 (Tl (7{[“3 - (-1 Cﬂ])

”"1%“'@—{ ) 10
Myfn) = n[n] -q(n)
M) = T (A ] g 1)) - ¥ ()
122 a) 0=y lk-)iTs, [x e+ k) )

b) rg(}):o 2 Tzl §
for n=1:5)

F{n41) = (n)ﬂ:/?_ i({’ﬁfp (-JH'T)-} exp ( (I’—H)*T)) s
end

b
S gf%f:ét/ﬂ /_&°_ . 9933

a2



9.23 (a)

(i) Not memoryless (depends on time an + 1 # n);

(i1) Not invertible because y[0] = 0(x[1]) + 5 we cannot get from y[n] the value
of x[1]

(iii) Not causal (an 4+ 1 > n so depends on input value at tuture time)

(iv) Not stable—for example, it z[n] = 1 is the input (a constant value 1), then
x[n] 1s bounded but the output is y[n] = n+ 5 which goes to oc as n — =

(v) Not time invariant: z[n — ng] — nzfan + 1 — ng] + 5 but this < y[n —ng] =
(n —ng)zla(n —np) +1] +5

(vi) Not linear: kz[n] — nkx[an + 1] 4+ 5 but this < ky[n] = k (nz[an + 1] 4 5)
(b)

(i) Not memoryless (depends on —n + 2)

(ii) Invertible: z[n] = y[-n + 2]

(iii) Not causal (—n + 2 > n when n < 0)

(1v) Stable

(v) Not time invariant: z[n — ng] — z[—n + 2 — ng] but this # y[n — ng|] =
x[—(n—mno) + 2] = z[—n + 2+ ng]

(vi) Linear: kyzi[n] 4 kaxa[n] — kyyi[n] + koya[n]

Continued—>



9.23, continued
()
(i) Memoryless
(ii) Not invertible (for example x[n] and z[n] + 27 are two inputs that have the
same output for any x[n])
(iii) Causal (memoryless implies causal)
(iv) Stable (| cos(z[n])| < 1)
(v) Time invariant: x[n — ng] — cos(z[n — ng]) = y[n — ny]
(vi

vi) Not linear: kix1[n] — cos(kix1[n]) # ki cos(z1[n]) = kiy[n]

(a)
i) Memoryless

i) Invertible: x[n] = e¥"

iii) Causal

iv) Not stable: if z[n] = 0 output is —oc
v) Time invariant

vi) Not linear

(
(
(
(
(
(

(e)

(i) Memoryless

(ii) Not invertible: can’t get back the value of x[0] because it gets multiplied
but 0, but can get back all other values.

(iii) Causal

(iv) Not stable (same reason as (d))

(v) Not time invariant: x[n — ng|] — log(nz[n — ng]) but y[n — ng] = log((n —

no)z[n —ng|) (vi) Not linear
Continued->



9.23, continued
()
(1) Not memoryless (depends on n — 3 input)
(ii) Invertible: z[n] = (1/4)y[n + 3] — 3/4
(iii) Causal (n — 3 < n for all n)
(iv) Stable: if |z[n]| < K then |dz[n — 3] + 3| < 4K + 3
(v) Time invariant: z[n—ng] — 4z[n—ng—3]43 and y[n—ng] = d[n—ng—3]+3
(vi) Not linear: x{[n]+ z2[n] — 4(z1[n]+ x2[n]) + 3 but x1[n] — 421[n]+ 3 and
xo[n] — 4xon] + 3 so x1[n] + za[n] — 4(z1[n] + z2[n]) +3+ 3

G 2 L4 ,?[.ﬂj = )-g (in-1) - o [n wlj+%[m]
fh) had PPNy L
) Wlr-ne)=2 90 1] y(n-ny2)sxln-nd]

AIne. IV il

C’/)ﬁf 7 [m ]+&2_'Hg[m] _ 92 [_ﬁ, «3:£H *'J e _']J
-+ m! 3, Eﬁ'_'z:] + A, '3?_[91 —2J _‘:51-75_!{:”)4_ Cﬁi_g_‘)*tg_[m]

LI — 29 [a) + (2] - ATy aad Y, 0]
- z"altm-mylam 2] -2 [n] } =0
—?Orﬁ =0 7 -~ ALawar
.95 ﬂ) ] = 2 ?’L[k’_-ﬂ:g
(1) has yme
(eh) w0t invertible

/ ,g;{;i) Hort Catsall 5 belBar o prot- iF LeokS ol futiee.
degoesdS o237 R B vl o1 ’f lano

Continued—>



9.25, continued

(év) stable

(v) Tine verging (vi) lineax
b) ?EHJ = ”-/l I:‘}t[n] &t ?t[uld]]

[4_’,,{,) ?1[01] =27 EHJ — N [m +—J] mverhble
Sang ) 2 g Lo nla-2) =23 ) -

(v) 7ivme invamankt
[ V”{;) A nneun
C/) 4 "’5) fiad yrteney i
4 4;:5) JrieArble

(4i) Creusad
(V) Statie
(V) 7ie 1ivavont
(’V*"") Lingor ale
= @ ’ kK, - | At 2-5 2 | 15
.26 fﬁ[m]—’(‘rx( J it [H+,_§ 2|8
M /1L —> &PM nf_—-’ﬁm,?”tﬁ—'“’f o /. L7
vl 2.6
L e IS prak v 2751 & /y[.;)]_-Qfa[_JJ :: o




(,c,) Wwvyémd

(LC) 7or invertible

(ki) Cavsed

(Lv) Stabie

Cb) lrind - nvagpnt

(V) [l + fxo] # a2 = Mot inmenr

b) oin)- {376&1] <o

] e )0 ’ v
(2) meomory s T
Cﬂk,) not merirbie ; =0 *21)_;9_ il
Lm,) Caespl
() Stable

(7’9 TRNE. S0t e
Cq/,{f) Lel 2yl 5 U=l =D ¥ =05, e

T el = y[ﬂj/ﬂf:, # }'(;@J/ =0 Jhot frmerr”
0 PL Hperd A= 170
) s

1-;6 wn

(i) P 45

() V=10 for X1, ot iverhble
(i) Casal

Continued—>



9.27, continued

(&) Satie
(v ) e snvanan

(Vi) M=ral = gz, 16 5 Y[ F20 - ot lingar

2 r 7 X2

d) i
T
(i) pacmorysess
(,a,) F=2 for 1) 2, pof 17Versr1ble

W) Fonee - mtesand

[VL) 7/ =2 7—[;} fgj = Nlon linesr
-?g',;'x.p_ = X':L }ts_':l'

9.28

Causal system = h[n] = 0,n < 0. Must have h.[n] = h.[-n] and h,[n] +

he[n] = 0,n < 0. This implies that the odd part for n <0 is:

holn]= 0,n=0
= -3 n=-1
= —4,n=-2
= =1l,n>3

continued->



9.28, continued

Adding the even and odd parts gives:

hin]= 0,n <0

= Bn=1
= 8;5n=72
= Zn =3

So in other words, when we know that hln] = 0 for n < 0 then h[n] = 2h.[n] for

n > 0, hin] =0 for n < 0, and h[0] = h.[0].

9.29

Not memoryless (depends on previous inputs)

Causal—only depends on input values up to current time n

Linear: for two inputs xj[n] and z2[n] and their individual outputs yq[n] and
y2[n];

azq[n] + brafn] — 771 k(azi[k + 1] + bxo[k + 1))

= —ma
= azk__x kxq[k + 1] + bzz_ih fc:tg[fc + 1] = ayi[n] + bya[n]
Not time invariant: z[n—no] — 2720 kalk+1—no] = S3r=""  (k+no)x[k+1]
but y[n —no] = Y r"0C " kx[k + 1].

Not stable: if z[n] is a constant, y[n] — oo as n — oc.



Chapter 10 Solutions

. Chapter 10

10<] 2?{[@&[&,_@ - replace i witts (n-}z{% 17 GngfanX

4E

=5 X[ﬁ-k’;)h[&é;] = ;}L[@Jx&f -k, ]

Lre . oo
-2 grr)xs[a] :K%Q (1) s (n-+)
S[n-ic]:%v:) ; K=h

GTIer eI Se.

Fl)x801) = §rn) (1) - g ()

10.3
(a) y[5] => = _.. z[k]h[5 - k] = Ei:l hi5— k| = h[4] + h[3] + h[2] + h[1] + h[0] + h[-1] =3-2=6
(b) maxis h[1] + h[0] + A[-1] + h[-2] =8
(c) max occurs at n =2, 3,4
(d)
T3 o0 FT1LT 1
y[n] = 2 k——oo Z[K]R[n — K]
= 0,1 < —2
= h[-2]=2,n= -1
= h[-2] + h[-1]=4,n=0
= h[-2]+ h[-1] 4+ Ah[0] =6,n=1

= h[-2]+h[-1]+ h[0]+R[l] =8n=2,3.4

= h[—1] + h[0] + R[] =6,n =5
= RIO) +hl]=4n=6

= hl]=2,n=7

= O.n>8

Continued—>



10.3d, continued
y[n]

o0
|
T

|
|
T

=

6+ o "

[a—

n

5
4
3
B |
—4-3-2-1 123 45 6 7
(e) >>n=-2:8

>>x=[0,0,0,1,1,1,1,1,1,0,0];
>>h=[2,2,2,2,0,0,0,0,0,0,0];

o0 4
=g &

>>y=conv(x,h);
>>stem((-2+-2): (8+8),y); title(‘y[m]’), xlabel(‘mn’)

yin]

8 T 1 e 1 T T T 1

T - =

G [ @ -

4 o - _

3 - -

2k .

1k .

0 = = = & 2 = =)
-4 -2 0 2 4 6 8 10 12 14 16



10.4

hin] = a"™uln|, z[n] = f"u[n], a # 3

(a)
yln] = Ypo_ . arulk]B"Fuln — k] = [y o* B F] uln]
= A [Cro(@f )] uln] = 7 [l_“‘lil;ﬁ__fﬂl] uln]
_ gn_gintl) gl 1]1[.?1._ _._-} ) _ g (nHl) il
1—adi-1)
i ﬂ\f}
b) o oie B —).Elza.yi‘w_,e.ﬂ_
( gt'ﬂ %_ D g4
VY ﬂi_é-
ST ET v kay Lo
A 2
€ ytile 2, kg bt P ' 08
= ﬂ"‘Hﬁ + 4B s 4l
10.5
(a) y[4] = 20 __x[klh[a — k] =250__ h[4 — k] = 2(h[5] + h[4] + h[3] + h[2] + A[1]) = 0
(b) max is 2-5=10
(¢) max occurs at n = —3, —2
(d)

Continued—>



10.5(d), continued

yln] = 23 54 hln— k]
= 0,n < —8
= h[—6] = 2,n = —T7
= h[—6] + h[-5] =4,n = —6
= h[—6] + h[—5] + h[—4] = 6,n = —5
= h[—6] + h[—5] + h[—4] + A[-3] =8, n =
= h[—6] + h[—5] + h[—4] + h[—3] + h[—2]
= h[=5] + h[—4] + h[-3] + hR[-2] + R[-1] =1
= h[—4] + h[—3] + h[—2] + h[-1] = 8,
= h[—3] + h[-2]+ R[-1] =6,n=0

-

==

= h[—2] + h[—1] =4,n=1
— hl—1] =2,n—2
=0.n>3
(e)
>> n=-6:5;
>> x=[zeros(1,5) ,2%ones(1,5),0,0];
>> h=[ones(1,6) ,zeros(1,6)];

>> stem((-6+-6) : (6+5) ,conv(x,h));
>> title(‘y[n]’); xlabel(‘n’);

See plot next page—>

10, n
0



10.5e plot
y[n]

10 T T T T

9_ —5

Bl © @ —

h(n]

T
—4—-3—-2-1 1 2 3 4

(b) y[n] =Y - __ hlk]z[n — k] and since h[k] = 0 outside of k € [—2,1], we have:

ynl = Thoplaefn— k] = i _o(0.7)"Fuln — k]
= 0,n < -3
= (0.7 =1,n= -2
- 0.0 +(0.7)° =17,n= -1
B 0.7+ (0.7 +1=219,n=0

= (0.7)"2+ 0.7+ (07" + (0.7 1,n>1




=2 : 2 Yn-t:
0. F1a) 55"3 1%@& rklrin-bl 1 %X In-4&] i}ﬁq %In-4]
% [n-61= uln-41

Soyln]=a uInl +wIn-0 + wIn-41+ uIn-5]
L yknl=06 ,n<o

Lo]= | yEsIn 2
%mzaz yr4l=3
yL2l=2 ynl= 7, "‘35_

Lb) yLn] 1 .?_w)a relxin-6] lé;(um-u-um -2-bJH &é )

= UINT-UIn-27 +ULn-1]- LLn-3s]

+ WIN-41- um-L]+uin-5]-un-1
5[’n]=0_’ n<hg

bR Hoeies
':Ser =] ‘jt&] =]
Brs‘_‘ =0 75£n3= I/ na 7

i x=[1 100 0 0l;h=[11 00 1 1];
Le) y=conv{x,h)

s =) ! N/C?
td) yIn] Zé hLLTxIn-b] 1%) (WDn-E]- w.In-4-EI) + zz%f ¢ )

=yl ~uUn-L1+ wn-iJ- urn-71

+uIn-4] - wln-10]+un-5]-un-ij
/0.7 (4 yml=d, n<o

ﬂ]: 1] =2 ylsl= q ghad=2
yrel=2 yle1=3 yLl=1
3[3] =2 “j [11=2

= 2
j[ﬂ]-'to) n=
x=[11111100];a=[1100 1 1]; y=conv(x,h)}

(e)

)
(#) L hl-"-"fb(urn-&] -uln-b -4)=- rnl+uln-ijJ-urn-2]-urn-31

KInd=o , n<o yLzJ=|
yLol=l ylnl=0 ,n=3
(9 yrll=2

x=[1 1 0 0];h=[1 1 0 0]; y=conv{x,h)



3 ATES
16.81a) 1 oy ok N
’-TI"}'% e yInl-0,hso yCSleis

= L= 12

e U_In!'_f_.?& grRI=12 53%24

n-t, "4 Bk rs1- /4 S
31‘!]314 3

(b yInl=2 |, h<o ﬂrn]*&J nz2

njeii13us ¢
ytill 202606-20°2
(ey yThl=o ,n<o yInl=0,nz2
nloiz2345¢7
&£&310

(d) yrnl=0,n<o ; yInl=O,nz8
nls 12345 2 7
ymi3 0 162~ 0-l

&) yInl=0, n<o ; ymmi=0 ,nz2

nloe 1 2 3 4 5 ¢ 17
gl |3 -L-14 2 1 2 |

()x=[222220 0l;h=[3 2 1 1 1 0 0}; y=convi(x, h),pause
x=[{2 2222 0 0);h=[1 -1 1 -1 0 0]; y=conv(x,h),pause
x=[2 22 22 0 0]l:;h=[3 1.5 1 0.5 € 0]; y=convix,h),pause
x=[2 21110 0];h=[1 -1 1 -1 0 0}; y=conv(x,h),pause
x=[{3311100)l;h=[-1-1211]; yv=conv {x,h)



/09

ﬂh) %x(n) = ﬁ M[l ”J; h[n) - LM[Z HJ Win} L2

]7}? [ . - e 2 og 1 ] [ 5
- ' b2 34 h Fip h_[hj .
N-221, N>z, o (n] =0 I”
n-2¢1 ;, n€s3 L fg--.
n-a ke

J 1
Z lgn-lc gsz_ j: | ) H—2 30 K
H-n-2 ” - k.—mé_/l ( A%b Cﬂﬂ) 2' (—;‘I—

G sy

- (BL(L) >[3u
2L

]p) z(mj;gfu[ m] LL[HJ fanvt[mj

ain hw) hn-)
A 'pfr,%.

<o, S AL ﬁé‘i(&) (/) L(R"
ke I~ bl
- a”t
n 2
A P U (-n-1) + B u[:«J 4
" I-Y/p 7
- ifbac[_w ') +._fi.!; ey

Continued—~>



10.9, continued

G) Lam | “L h(w) L X (i)

I AT B e e B A 2
' h | a4 f n
n<e, nﬁ[’”):’ﬁ n
0K NS, (n) = 205‘: -
[_a

N7, 100, VIGJE Z& -0 P
7[“J1< dﬁ{)(u[m] U{n- wOD (' -a >u(m - 100)

{— O~

A(w ]
Dy [ Artle

?[mjwbz—' )__{/é:-

= A lna]s (/)"'*' L w )
¢) Hipuin) i

P2 Lo > 'ﬁ[n]—o » Y s y
n-230, nyz, ’7[;4) zza L ,bf_(éz)

Continued—>



10.9¢, continued

St - () ,_(,;" L (a7 )"
[l ] = b ()]

_ (é’”’;/ %) '> L oi{n] - (b b("“L)u[m )

q,[n] hfﬂ ?i{,nfwj
O My e
I 50 -Fﬁ];;*}t[mJ
n-1 550, ’3[“]*‘5
6 <h-t 50 , 1< <515 y(n]- ,_S., I =56-(n-1) 11
“ntt 5y i

l—i o ; 7[}"!J o1
Vo B ’y[nJ (52 ;Q)(é{[ﬂ] é—t[ﬁ 62J>+5}LL[~MJ

yln] = Yoo a7 Fu[—k 4+ 10" Fuln —k —1]

Note that u[-k+ 1] is 0if k > 1 and u[n —k —1] is 0 if k > n — 1. So the argument is nonzero only if both
k>1and k>n—1. Soif n—1> 1 we sum to 1, otherwise to n-1. This gives:

If n>2:

= bnz&——xab =Y
s bn(m+(ab)—):1i—fw+%

(we know the sum converges because |a] < 1 and |b| <1 = |ab| < 1.)
IEn.< 2

nn—1 —k 7 e v
_ n ( (ab)” "t
- b ( 1—ab )

Therefore y[n] = (h”m’i"—(;b) ull —n|] + (113?;;5 -+ “b) uln — 2],

Continued—>



10.9, continued

(h) y[n] = 350 bFu[—k]a"*=Du[n — k — 3]. Since u[—k] = 0 when k > 0:

yln) = Sio_o b uln — k=3 = a" P (YFuln k- 3]

Since u[n — k — 3] = 0 when k£ > n — 3 the sum goes up to min(0,n — 3).

If n > 3 the sum is to 0:

n—. 0 : n—: o0 a\k
"N (D) =a Y ()

n—3)_1

- al -

as long as |7| < 1 (same as |a| < [b].)

If n <3 the sum is ton — 3:

_3) «—n—3 3 _ a Ak
NI vl

o a_n—B (%)(7”%3)
-
1 coFrvm nilaa] an-—S fay—n—+3,,[¢ ] arls 11
Therefore y[n] = = [(_;_J u3 —n] + lun —4 }
] z [\ _ . ]
ot [}

(] -(n)
pr ) T
TR T T
{:
wlelo 1]z s lelsf 4T,
wwl4 23 f|s |afifo ]

o
| l e
ylo)=nle) blo)=()1) =i =
) gl )=t Jh(i ]+ he]®[1])= (D)) +(1)(-1)=-2
‘U[QJ %[Zjh{ }{— %[l]L\[IJ.}M[O]L[?_]:f S § pllfe= 2
ﬁ(aj :%[BJh[o:h %[2)‘4{1]-}-%[!) h[i]+;¢[o]h[3] = +(#l)
7[‘!’] ?’L(BJh[Jf;A_[ZJLL[_L] s J"‘[%J + (—l)—r(*f):_g_
= (-1)=1) + () 1)+ (- -1) =32

Continued—>
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f‘ﬂ (3] 2]+ x[2]u(5]) = C-)(r)+ (i)est) e
gle] = 7z k(3] = (-)(-1) =

10.11 (a) The input gets convolved first with hq[n] and then with hs[n] so impulse response is

(8[n] * hy[n]) * ha[n] = hy[n] * ho[n] (because d[n] * h[n] = hin]).

hi[n] « ha[n] = 3r—__ (0.6)Fu[k](0.6)" *un — K]

If n < 0 there are no nonzero terms in the sum and so it is 0.
Ifn =0

= Y _,(06)(0.6)" "
= (6]t
= (0.6)"(n + 1)

Therefore h[n] = (0.6)"(n + 1)u[n].
(b)

hi[n] x ha[n] = d[n +2] % d[n + 2] = [n + 4]

because d[n + ng| * xz[n] = z[n + ng| for any z[n] and in this case we take ng = 2 and z[n| = é[n + 2] (giving

8[n + 2] z[n] = z[n 4+ 2] = [n + 4]).

(c) hi[n] * ha[n] = ... + hi[-2]ha[n + 2] + h1[-1]ha[n + 1] + h1[0]h2[n] + ..., but only h1[-2] = 1 (and
hlk] = 0 for k # —2), so we have that

hi[n] * ho[n] = hy[-2]he[n+2] = 0,n # —4
= ln=-4

which is the definition of the function &[n + 4].

continued—>



10.11, continued
(d)
hi[n] * ho[n] = 307 (u[k] —u[k —3]) (u[n — k] —uln — k — 3])

= Ei:o uln — k] —un —k — 3]

un—kl—un—k—-3]=1forn -3 <k <n:

hi[n] # ha[n] = ,n <0,
= 1,7 =
== 2,n=
— api—2
= 2.re—1
= l.n=4



10.12 (a) Causal since h[n] =0 for n < 0.
(b) Stable since 3 o2 __|(0.9)"u[n]| =327 ;0.9" = 575 < oo.

n=>0
(c)
y[n] = un] # (0.9)"uln] = > e u[k]0.9"Fun — k]
T — 71 ket
= uln] Y1 09" k=09 %—-u[n]
0.9" — g5 1-0.97+*
= T‘_f;"&li[ﬂ] = WU[H]
(d)
>>x=ones(1,100); % the more terms we include, the more accurate
>>n=0:99;

>>h=0.9."n;
>>y=conv(x,h);
>>y(1:4) %index i corresponds to n=i-1 so this gives y[n] for n=0,1,2,3

ans =

1.0000 1.9000 2.7100 3.4390

>>y=(1-0.9."(n+1))/(1-0.9); % analytical result
>>y(1:4)

ans =
1.0000 1.9000 2.7100 3.4390

Note that the signals u[n] and 0.9"u[n] go on forever so we had to truncate them in MATLAB. The more

terms we nclude, the more accurate our result.

Continued—>



10.12, continued

(e) Not causal since > 0 for some (all) n < 0.

y 1 0 gn __ o . T |
Stable since >, 3" =3, .53 = I

uln] * (3)"u[-n] = 5,3 Ful—(n - k)

Note that u[-n+ k] =01if k < n.

Theretore it n = 0 the sum starts at n:

-3
o 3
e 2
If n < 0 the sum starts at 0:
= qn oo l'i" — qn 1
o k=03 -z
3
2 3?1{5)

So y[n] = 3u[n] + 3" Fu[-—n — 1].

In MATLAB: >>x=[zeros(1,99),ones(1,100)];%uln] from n=-99 to n=99
>>h=[3."(-99:1:0) ,zeros(1,99)]1:%3. n ul-n]

>>y=conv(x,h);

>>y(99+99+1:99+99+3+1) %99+99+1 corresponds to n=0

ans =

1.5000 1.5000 1.5000 1.5000

(f) Not causal, not stable, response to u[n] is oc.

(g) Causal, not stable, infinite response to u[n].



10413 P(w]g (] - szmjg[w -m) =e[n)
fwmw o ] - i {1 lu[n-x]

e Ln_é ffm]%a m]J o (-4
"2’[23[“ ) hfa- “Jf[m] L icom=p

Ll = MAP

S 2[2 glp) b (n-mp) ) m] 4k gonp
or p=n-4
= 2 [ = 7 [n-9] I/L(‘ff-mj] flm)
= % ; £m) ! (‘?**“’J} F[n-4)
YA PN PRI

10.14
(a) hin] = 0.56[n — 1] 4+ 0.74[n].
(b) Yes causal—output only depends on past and present (or, simply note that hjn] = 0,n < 0).
(c) 2[n] = uln + 1],
yln] = 0.5 (u[n]) + 0.7 (u[n + 1])

MEEEE

Continued—>



10.14, continued
(d) Total response is hn] + 8[n — 1] = (—h[n]) = h[n] — hjn — 1]
= 0.50[n — 1] + 0.74[n] — (0.56[n — 2] + 0.78[n — 1])
= 0.78[n] — 0.28[n — 1] — 0.56[n — 2]
(e)

yln] = hin]«zn] = 0.7z[n] — 0.22n — 1] —0.5z2[n — 2]

= 0.7u[n + 1] — 0.2u[n] — 0.5u[n — 1]

y[n] ,
1__
I ‘
4 + . 4 4 5 + n
3 -2 -1 1 2 3 4
14

10.15

(a) Yes linear: azq[n] + bxa[n] — €” (azyi[n] + bxa[n]) = ae™z1[n| + be™xq[n] = ayy[n] + bya[n]

(b) Not time-invariant: z[n — ng] — e™xz[n — ng| but y[n — ng)] = """ x[n — ny.

(c) h[n] = e"é[n] = €%]n] = d[n]

(d) The response to 6[n — 1] is e™d[n — 1] = eld[n — 1]

(e) No it is not sufficient to describe a timevarying system completely by h[n] because,as this case shows,
the response to a delayed impulse might not be a delayed version of h[n| but something else. Therefore
we can't express the output of the system for any input just as a sum of weighted delayed h[n] functions.

However, it is sufficient to describe the system in terms of h[n,m], the response of the system to d[n — m].

10.16
(a) causal, unstable
(b) noncausal, unstable
(¢) causal, unstable
(d) noncausal, unstable

(e) causal,stable

(f) causal, stable
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b)M ohce lLifn)=o , <o
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d) ML .y f"}w kxR /-1‘5'
fiC”J ;_Jc %M& . .:}{_[j,(_lj
o) LWin) - e > . O , n<y
) h(n) e §(-1] Pty
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‘b) Crosal > Gince hle]=0 > <o
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=_ 1 < e i ptatle
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10.18
(a) hln] =d[n+ 7] +6n -7
(b) hin] = T527 o 61K] + Y72, 0k —2
fn<3 0% ok =0iftn>3 02 o[k =1.
fn>2 % 0k-2=0;ifn<2 Y0 0k-2]=1
Therefore h[n] = u[n — 3] + u[—n + 2]. We can show that convolving h[n] with some input z[n] is equivalent
to the sum equation given for y[n]:

oo n—3 o0 o0

eln] suln =3 = )zl —k—3]= Y alklzfn]xuR-n]= > alkju2—(n—k)] =) 2k

k:—-:)CI FC:—-}G k:—-:x} ﬂ-—2



- .

1014
0) (6)  gln)=p yln- =2 uln] , (=] =0

?*% =0 .- CVJ: C@/’/ M
dp (] :P(z)n ‘ é)

Pln—‘;'"/é??—n—’:;ﬂ

ppp =2 Yper > pota
7ln) = (9 )" /fz/?(zn)
I =0 wel) 26 e rgy o

- g S g
Syl
b) T4 (4 () y) =4, + G =0 v
N0 Gy 960 = (Y Ry 2 ey ()
U )E -5 () 124, 2" 47, () ﬁw‘g 2,
= i
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10.19, continued

(Z’/?) N en) s-C,( 31)"‘“

4) p () :Pé—% 2 ?Pffm )_ Pﬁ%[fﬂ»?(‘_]
= pe(--63) -
—'—“:'7/3:—4’:/03

e 7[“1] 3 c(,?)”“ /. 108"
UI: 'J =0 = —f./08e = & _—3.0/2 :>C:L,/az
e
Io) (-] = -1 1055!1»2 108 (- ?)*1_5 6)2 4 3.0l =0V
dln) —-7y[a-1) = —1-108e"y 2.108(-7)"
e ?[~—//085( ) 2/&5(;) J._&floﬁe,

_;? 9 < /
= —|.168¢ +l,105(-?) , 3~

+l/05(?) 2.1088% 2.108(-7) _&" /
(e ) (] +39 (] +24 [n-2) =3 W []
dl-1)=0 > 2] =
2324+ E = (%HFX%f)
/e EV‘J = (- ?—> +Co (~ ‘) Fpln)=pP
- 7’7‘5P+Z/"“3 —=> 6p=3 —Zp=i,

VIR A F G (2D ()
tde //7/7‘75/6 Lowrds frvr S Ho Sslve for G & Cs

WE-J =0 =W 1 (h'/; *CEL( ) =y
A R )

~ U] =y g (-2 340"

b ) g(-)=Y +9 (-2) = H (0 =y (~4) +34 =0
V2] =45 +4(-D " 55'/( N Ey s vy 34 =0
P[] +3y [n-J+ 2gla-2) =y, + 4(-2)" 3, (-}
Pl sy

=20y =B



10.20

(i) (a) mode is (—0.6)"; (b) natural response is y.[n| = C(-0.6)"

(ii) (a) z24+1.5z—1 = (z—0.5)(2+2), modes are 0.5" and (-2)"; (h] natural response is C' (0.5)" +Cy(-2)"

(iii) (a) (z — )(z +j) = 0, modes are (j)* = /3" and (—j)* = e 9%"; (b) natural response (in real
form) is C cos(Zn + f3).

(iv) (a) (z = 0.7)(z = 3)(z + 0.2) = 0, modes (0.7)", 3", (=0.2)"; (b) natural response is Cy(0.7)" +
C23™ + C3(-0.2)".

(v) (a) modes are 0.5", n0.5", and n20.5"; (b) natural response is C;0.5" + Cyn0.5" 4+ C3n0.5",

(vi) (a) modes are 0.5", 1.5, (—=0.7)"; (b) natural response is C10.5" 4+ Cy1.5" 4+ C5(—0.7)".

10.21 Stable if all roots of characteristic eqn. are inside the unit circle;
) z = —0.6, stable;
ii) z = 0.5, 2, unstable since 2 outside unit circle;

iil) z = 47, unstable since +j outside unit circle;

(i
(
(
(n) z=10.7,3,-0.2, unstable since 3 outside unit circle;
(v) 2 5, stable;

(

u) z=10.5,1.5,-0.7, unstable since 1.5 outside unit circle



=
10.22, (o) %] o

() ytnl=07yln-{ +25 xLnl- % In-1]
yLol= o +2.50) -0 =25
yul=0"128+0-1 =0.95
ylLzl = 0.900.15) +0- 0 =< 525

(2

-1} 2.1

3] = &.7(0.5250) = O.3LT5.
yr4l= 0.7(0.3018) ~ =£2513

wial=25 rol=2.

wril=1 Eét::f:'%lﬁm 1(2.5)=0.275
wi2l=0 YL2l=o. 7(875) =0,5254
wr3l=o {-_11:51 = A 1D5260) =L 3815
wIH{I=0 yl= 5.1(8.3625)=0.2593

() yInl= hIneid-3A 1] +2 hin-(]
©) yL-31=hCd-341-31 +2 hE41=0
YEII=AL] -0 t0 = L.75
yLil = hr3l -34L1] +2 o]

= 0,315 ~3(075) +2(2.5) =3,




18,2410 22%-2 +4=2(2% 032 +2) =2(2-2)2-2)
4 (2,2)=2,and dwmnﬁ&wﬁﬂm@-ﬁfﬂ
(Y (2252+1)= (2-4.13)2 -0.21) wi dall.
te) 23%-22%+32-5= (2 -2, W2-R)2-25)

33,2325 - nif globl tave )
(d) ¢labd 4y wope chom (no feedllncl)
le) 23 -192+8.9 = (2 - 0.HILLYN2-0.949 124°) gdabl.

n=[2 =1 4);
roots(n)

pause

n=[1 =5 1];
roots(n)

pause

n=[{1 -2 3 ~5];
roots(n)

pause

n=[(1 -1.8 .9];

— _Troots(n)




16,25 .18 ¥l

yInl- L54n-i] + o.'?gm-ﬂ = 2XIn]-3%xLn-i1+42Cn-Z]
¢by Form IL

102b. gInl -6.9yIn-11=2%In) -/ F¥In-1]

{a) Yo __, 2 t—o(D—(® 4ind () XInl o Wi Yyl
OB T A
-13 57 [2.3] 1.3

&) yIol=0.905) +2-2°2
2-09=0 => y mil=C D" ]
ypnl= P23 => Po.9)"- &= pes.5

= (P=L 128 P)(0.9)"= (2-2.315)(0.8" => P=3_
i 3rn]=3ca.21" +¢ (8.9
yLol=2 =3+e => C=-1 and :_jm-sw.s)"-wm"
For axangle! yLsl= 306.8)°-(6.9)°= £.3924 acks MATLAB
(al)  y(1)=2;
for n=1:5
Y(n+1)=.9%y(n)+2%((.8)"n)-1.9%((.8) ~(n-1));

end
Y

10.27> yInl-09yIn-1] = X3 - 2Ln-1]

N @Ifﬂj* o g nd

24 =1

td) xInl= ¢o. 0" upi
@ 2-090 3 yti=Lwal! ; y [l=Ple. D"
Py~ 21 PV 0.0 57 (0T > P=15



10-27 (&) = A(n)= (D) (1-5)(-F)
(ot ’?[u] =0 =C + -5 = C=—1I5

=) = 05 [7)" ()]
¥ [e] =0 9l2) == 45
)< -3 (3] =--5H

-1

]
1-2z x—1
C) H(’ZJ = T1-00:-T — ;—D.g

(
(
(d) Y(z) = H(2)X(z) = £== = —— so y[n] = (0.9)"u[n] and y,[n] = lim,, . y[n] = 0.
(

z—00z-1

e) In the second statement, replace the statement x(n)=0.7" (n-1) with x(n)=1 (or replace entire second

line with x=ones(1,6)).

(f) >>y(1)=0, x(1)=0; %first index corresponds to n=-1
>>for n=2:6; x(n)=1; end
>>for n=2:6 ¥ indices 2-6 correspond to n=0 to 4
y(n)=0.9*%y(n-1)+x(n)-x(n-1);
end

>>y

ans=
0 1.0000 0.9000 0.8100 0.7290 0.6561
>>n=0:4; 0.9."n

ans=
1.0000 0.9000 0.8100 0.7290 0.6561
The result matches y(n) = 0.9™ which is the natural response only (which decays to 0). There is no non-

decaying particular response.



1629 @xy[m] 7 (-] =)
Y(2)-F = Y(2) -X(2)
UZ) ) =G g‘] =X(%)

H(Z :\/(ZD s — %
) Xz |--7z' Z—7

b) ) =Cr(n) U] <Cr(HY UL = ot
Csfn — (1) |4l ca(nr 64)

i Y SV Y DR A 11

)=
/—f[e,j) — -S4 peB4ly Ziig::/../ég Y
"ol v G847 856 / 1 8

e g l) = 1168 Cs( - 43.5°)

_—

d) Tsg1n) — 7 Yoe (1] =1-168 Cs (n- 4349
~ 7 (1168} er(n-43.6°-57.3)

=847 bsn + .86 Dn 4. /53 Csin
L8030 2 Coa

10.30

(a) Need |b] < 1;

(b) a™"un] xb"uln + 6] =Y po___a Fulk]p"Fuln — k+ 6] = Y- ya " Fuln — k + 6]
= u[n — 6] E;\:g a~"b"~*, Since this is a finite sum for a fixed n, there is no restriction or a,b for it to be
finite.

(c) a™uln — 3] ¥ u[-n — 4] = T2y afu[—(n — k) — 4] The term u[—(n — k) — 4] = 1 when k > n + 4.
Therefore the sum starts at the value of k where both £ >n 44 and £ > 0:
= Z}:;mcw:[&n ) a®. The sum to oo requires |a| < 1 to converge.

(d) a™u[—n] * b"u[—n — 6] = Ei:—-x- a*b"*u[—(n — k) — 6] The term u[—(n — k) — 6] = u[k — (n + 6)] is
01if k < n+ 6, so the sum goes from k =n+6 to0oris 0 it n+ 6 > 0. So the sum is finite and will always

converge for any a, b.



10.31 It is not linear, by the following reasoning: note that x3[n] = z1[n] + z2[n — 1]. A linear system must
therefore satisfy y3[n] = yi[n] +ys2[n — 1] (because we know it’s time invariant so that za[n — 1] — yo[n —1]).
But y1 [n]+y2[n—1] = 28[n+1]4+2d[n]+26[n—1]4+(20[n — 1] — 24[n — 2]) = 2§[n+1]+24[n]+46[n—1]-26[n—2].

This is not equal to ys[n] in this case, so the system must not be linear.

10.32 It is not linear; note that x9[n] = z1[n + 2] 4+ x1[n], and since the system is time-invariant it re-
quires that input x;[n + 2| has output y;[n + 2]. So if the system were linear that would imply that
z1[n + 2] + z1[n] — yi[n + 2] + y1[n] = 26[n] + 46[n — 1] + 24[n — 2] = 46[n — 3]. However, this is not equal

to ya[n] in this case so the system can’t be linear.



Chapter 11 solutions

11.1

(a) Zn o(03)"27" = Zﬁzo([{,—g)n - 1—1'3-3 - 3—30.3 (wi
using Table 11.1 or 2)

3 oz g 2z _ 2(2-3)4+22(z-02)
(b) n= 0(0 2?1_|_2 _Z Zn 0 E 3—0.2+23—3 (z-0.2)(z-3)

3) (can also et by using Table 11.1 or 2 and linearity of z-

3) (can also get by

322-3.4z ; i
739,708 (with ROC |z

transform). (c) Z[3(e” T)”’] = % (from Table 11.1 or 2) wi s e~
(d) Z[5(e703y") = —Z = (from Table 11.1 or 2) with ROC |z] > e™3,

(e=")"sin(0.5n)] =

=97 cos(3)+1
() 32_2;,7‘3";22%95?16_1.4 (from Table 11.2 entry 11) with ROC
Elt-as

/]2 ‘é*’f?T &5 I l
~ !,,L s
) 267 o Z[zg?-(ﬂg} %[Z J s

Z[5(¢

(e) Z[5cos(3n)| = w (from Table 11.2 entry 10) witl
Z|
i

%6
b) et 3 ) a-z% .
Zl2e = T =
[ zé’; ] 2 _ e ! %z__é/&g
fo by 2=

2
E—“qﬁg pra 4%
C;> 2[222[.06)%J _6ln)] 27 _ 22

- % .28. z é-at %_‘rq(_?

d) 2—[5{??'5]/‘&5)”‘] . [gg,aZSj“J sz . -

i & 2 9997,. ozé;J

Continued—~>



11.2, continued

e) &f%/ﬁ[,ogn)J _sz(763.05) _ 5 ._ 4912
eh 2wl 05+ 72918 =+

TQ'> Z [g é.agzj,){,aﬁmjj _ QE[E = Cé"f)f) éon -dﬂ .
&= 2(6“405)51/5 65 7+ (g"";) 2

- 52°_ u.7
2% 192 +-905

//03 ﬁ\) 7{& [HTJ: 55!{~.?-)ﬂ: “ﬂ_{e_jt_ (.3627‘?) I

4'7) %é[i’?T‘] :f:n_": (a BQ;Q’) e

6)72% Yadue of f1e rovo Srgrald ame egual
al eacl. Sgmple s175tant

d) e*ﬁ—f?f: Ce:aﬂ*)ﬁ: (é;)r’z o =

/A:)a_zf/?_, 723  aL) A=s 5=y,

(a) (i) € = F(2)|.=1 where F(z) = Z[0.3"] = == 50 F(2)].21 = 7953 = 5=-

(i) z = F(2)|.=1 where F(z) = Z[0.3"u[n — 5]. Note that F(z) = 0.3°27°—%= so
0.35 35

T=1008 T o

(b) & = Z[0.5° cos(0.1n)] |t = gpragooril s |y = o = 107,

2(0.5)z cos(0.1)4+(0.5)2



/5

2 20ART 4|

A) Z[Atsan] = Az(z-tan) - 32z 6967)
= = 1-3437 4]

s AE3 s lha =, 696F =5 9=45.84"—. 3 rad -~

é) A=3 5 LA :M(W)H; w(,gmol)_—a

~ Lo =800
11.6
(a) floo] = lim,_.1(z — Vs = L =1
(b) F(z) = m
We assume f[n] is causal to get the inverse transform.
Partial fractions: FE:Z) = (3_1)1(3_2) = z—_ll e iz
So F(z)= =%+ %
Taking inverse transform: f[n] = —u[n] + (2)"uln]
floo] = lim,,_ o —u[n] + (2)"u[n] = -1 + 00 =0
(c) The final value property doesn't apply when lim, .. f[n] = oo (ie., when there is a

pole outside the unit circle and f[n] causal).

11.7

(a) Using property 5 in Table 11.4 (multiplication by n), Z[n3"] = —z%” = —7%; =
3z

(2-3)?

(b) Table 11.2 (entry 7) gives Z[n3"| = (fé)z




I3 2) 2 (y(n-3s)uln-2]) =2y () Fzs 32%52.9 %)F
@z[wmﬂumj - 2* [y(2)-IL1-9 002~y 2"

23 39% ra. a‘j;i**” A
co9le) =1, P ) =3 :'?UJ**

e Z[’Z}[mﬁﬁj bt[ﬂ]] o [ _:_L_%}

25 32F% 56219 z
_ 272 307 Yo ()
Z 232529 2
) Y15 YEI -t romlt)
(3] =1, b1 rspcetozee 1 A
/yi{:") =6 é’? V7Y MW i o
d) hi(3) = —J(n-3) ttfn- 3}/ ey[o] v
yz(o} = 7[%3]5{,[”]}”‘ _ E‘IBJ s

11.9
(a) Time-scaling property: Z[f[n/7]] = F(zT} s ?;i_a
(b) Time-shifting property: Z[f[n, — 7] u[n =] =i :a = :‘;
This can be verified by Z:";_ a7 T ch_ ( L;_;_; _ Z:Z

(c) Z[fln + 3)u[n]] = Z[a*a™u[n]] = a® =

Thisisverified by 5 @ e a9 nf pimig? =
z z z

(d) One method: Z[b*" f[n]] = Z[(ab*)u[n]] = —;5 (using entry 6 in Table 11.2)
PR

fg—a T z—b2%a

Another method: using complex shifting: Z[b*" f[n]] = F(%) =




(i) To get partial fractions for finding inverse transform:

so X(2) = 5 — 22

z[n] = u[n] — 0.5+ uln]

Continued—~>




11.10a, continued
X(z) =& —

z[n] = uln] — (0.5)"uln]

4
z—0.5

(iii) X(z) = L —3 10..5 =z~ (v_il

——) The 2~

verse transform of (ii): z[n]

T VBl 3
zln] = (% + jE)

= (efr 3)un] — 3

ufn] + =52 — 1 Byrufn
V@(E_J”S )" uln]

e 3(63”’" /3 _ e~/ )y[n] = % sin(mn/3)uln]

Continued—>

L implies a delayed version of the in-

= y[r — 1] = (0.5)* Lu[n — 1]



11.10,continued

(b)

(i
>>[r,p,k]l=residue([0.5,0],[1,-1.5,0.5]);
r=1.0000,-0.5000

p=1.0000,0.5000

k=]

(i)
>>[r,p,k]l=residue([0.5],[1,-1.5,0.5]);
r=1,-1

p=1.0000,0.5000

k=[]

(iii)

same expansion as (ii)

(iv)

>>[r,p.kl=residue([1],[1,-1,1]1);

r=0 - 0.57741i, 0 + 0.57741

p= 0.5000 + 0.86601i, 0.5000 - 0.86601
k=[]

>>sqrt(3)/2

ans=0.8660

>>1/sqrt(3)

ans=0.5774

Continued—~>



11.10 continued
(c)

(i) First nonzero values are at n =0,1,2 : z[0] = 0.5, z[1] = 0.75, z[2] = 0.875
(ii) First nonzero values are at n = 1,2,3: z[l] = 0.5, z[2] = 0.75, z[3] = 0.875
(

( .

iii) First nonzero values are at n = 2,3,4 : z[2] = 0.5, z[3] = 0.75, z[4] = 0.875
2

iv) First nonzero values are at n = 1,2,4 : z[l] = 23 sin(w/3) = 1,z[2] = “=sin(27/3) =

il

Vi
1,2[3] = Zsin(r) =0, ¢[4] = Zsin(4r/3) = —1.

Continued—~>



11.10 continued
) e
(i) SxF5z+.8762 .
2°-152+0.5) .522
-(539_4ﬁ%+jﬁ>
: -7’52"'25 ?
(.5 2.1a5+.375¢")
5 | 2 3‘?5"13;}52-t
| | 2t + BT 375573, ..
() 1.5240.5 ] 5e E,
{08 '-?5+-a?52')

F5-a6z-!
— (.#5-I1a5g '+ 3352 3

§752-1+.2752

0.52%0.75 % ’
[Hl) ZQ—‘,53+3.5 0.5 EZ".S?;Z s

=~ (D 5—.?52"4"2%“)
F527 2553
— (#5271 42527+ 3752 )
I e (875" — S
' ey i
(M)  phasgs
(- 1%E

o\

| —& " v
—(1-Z*2
m——

A

continued—>



11.10 continued

(e)

(i) - [c)u. = Hifigey 0_5523 =1
(ii) z[oo] = lim, ,, > =1
(iii) m[auj =lim, ,, 2= =1

(iv) lim,,_. . #[n] doesn’t exist so final value property doesn’t apply.

()
(1),(ii),(iii): limp oo z[n] = lim, oo ufn] =1

(iv), limit doesn’t exist

(8)

Hz? =4
(1) a(l] = B oo (v—%fm =05
(i) 2[0] = lim. .o 7575
(iii) 2[0] = lim, . 72

)
(iv) z[0] = lim, o == =10

(b)
From part (c): (i) z[0] = 0.5, (ii) z[0] = 0, (iii) z[0] = 0, (iv) z[0] =0



11.11

(a) wa[n] = a1[n — 1],

zy[n] = za[n — 1] = z1[n — 2]

(b) See the solution to 11.10 (a), which shows that

z1[n] = uln] — 0.5 uln],
T2[n] = u[n] — 0.5™u[n],
z3[n] = wu[n —1] — 0.5 tun — 1]

Clearly z;[n— 1] = u[n— 1] — 0.5"u[n — 1] = u[n] — 0.5"u[n] = z,[n] since u[0] = 0.5%[0] = 0,

and so then

z1[n— 2] = zo[n — 1] = ufn — 1] — 0.5" tun — 1]

(c) For MATLAB verifications of partial fraction expansion see soln. to 11.10 (b).

2

172 tay Yez) =Li-1527 r 05272124 => HeY> 3535552

LY / Y S "
'iz)”ta-m;-m'e-r +5The Byl =2-2(6.5)

X=z"

Continued—>



ff.f?—fb) n=[0 0 1]; d=[1 -1.5 .5]; [r,p,k]:residue{ﬂ:d}

(cont)
ey yInl =2-2¢0.5)" = yLo3=0 , ytil=1 ,yL2l= /1.4,
ylg)=175 , yI41=/878

YLnl=LSyn-11-06.8yIn-2] + ZIH1
yLol= 6~0to =0

ﬁ_[l] = 0 =0+ =l

yLal= .5U)~0+0 =45
yTa1=15(15) 0, 5¢)= 115

ylH1= /.51.25) ~0.51/. 5)= /375

{d) =x=[00010000]; y(1)=0; y(2)=0;
for n=3:7
y(n}.—.l.s*y{n—l}-ﬂ.5*y{n-2)+x{n)
engd

ey yLel=him Yiy= i 220

Z 00 22

i me_, o =~ M-—-—E =
() yo i (2-1) Y¢2) E aironp 2,
/L 13D Y -0.7527 ve2) + 0./252 % Yez) sA2) =]

Ye) Z w2 - _Z af

o oyImd={2 w5 ~ta.285) ulnl
e 515].-;', gz::]:ﬁ.'?.’:'_, vjrz.]"%'ﬁ’i-ﬂélf
YL51=20.128) § =0 2388, 4TH1= o.2!l
slso N1 =025 yIn-11-0.125Y rn-21+ X£nl
Te] = & -0 +1=1
grll = 0.2500) =6 +6 = 875
yr21 = 8.75(.2%5 Y-8, 1250) 40 = OH3TE
[3]= p.75 (DH325)-p. 125 (2.25) = O, 2311
YLyl = 0,725 (0.2398) —0.125 (£,4325) =L.121]
(&) yZol= L yizy=]
Z200

($) Yea , yrool=2 hanca)
i - = D _BL2-) -
5:@3-— ézf;‘llb{a NYezy= 2%? (ﬁa‘):‘ | _0_

11.13b,d next page->




11.13, continued
(b n={0 1 0); d=[1 -.75 .125];
)J (d) [r,p,K]l=residue(n,d)
pause
Xx=[0 010000 0}; y(1)=0; vy(2)=0;
for n=3:7
Y(n) = .75%y(n-1)-.125*%y (n~2)+x(n) ;

b4

1L ) Y2y -2 Y2y +0.527 V)= w2y =27
Vo Yy £ = Z = L. 2Tangu bnl
Z5-2+0:5 2% sz +a* Adinb sl :
a=125 =071, b2 by o0, = 707, b=45 "'2%
* -~ [d:?ﬂ?)n o n r 'ﬂ'
YD e TR =400 d{gr) uid
(c) yLol=g , yI=l, ytzle=/, yrsl=o.5, Yok
aloo yInl= yIn-il-0.5 4ln-21 +2XIn]
LIOT = O~ +0 =0,
IJI'ZJ =1 -0 +0 =L

,jrq]: A5 ~HS5 1D =0,
(e) gro.]: b Yiy= O
e Lisie. b __2(2-D)
(B) Yes, yrzeo] = low (2-D)Ye2) =l 20850 =0
(b),(d) =x=[00010000); y(1)=0; y(2)=0;
for n=3:7
y(n} = y(n-1)-.5*y(n-2)+x(n);




115 &) y(z) Az xX(2)+ &2")/(-29

(1 —aZ']y (@) 2 x(2)
“ﬂ[mJ :&'g[n-lj: ﬁ}t[ﬂ-l]

b) from &) V(3 a2 = _a

—
————

XZ) gzt &4
C’) ngle al Z=1  must be  hside Tle UP?HL C!f(,&
o a1 or aLy
d) )((5')_:{ 7 H(?) - A = /7’(2) _ A — i

= e

Z-A (= %(?—a.) T E-a
=

» NI =& (-1
Yes, Tuis gutput 15 bounded mby fov [AIK1
€) y(z) f/[z)x(z—)ﬁ 5 (2
V(z) _ f o

2—1 = _ah
0 L 22 2 D s,

) LS e Y(&) X[SH(Z)

1) n-[o s 4} d:[i _1s5 .5}
[r) P ) =residua(n,d )
pause
n=[o02); d=[| -3 1’])'
[rop1e) = vendue (n,d )

= ?(”J-—'— g; "7>/



11.16

(a) Plugging in 0[n] fpr z[n], since the input is nonzero only at n = 0 we see that h[n] =0
until n = 0; then h[0] = 6[0] = 1; then h[n] = h[n — 1] =1 for n > 0. Therefore h[n] = u[n].
(b) Y(2) = X(2)H(Z) = (Z5z) (5) = 5 + 56

y[n| = 2u[n]—(0.5)"u[n], natural response: y.[n] = 2u[n|, forced response: y,[n] = —(0.5)"u[n|

(¢) No, not BIBO stable because the system’s pole p =1 lies on the unit circle. For example
of a bounded input that gives unbounded output , the unit step function input has output

u[n] Y p_q u[k] = nun] — .

11.17

(a) hln] = (0.5)"uln], Y(2) = Fop - F3 = o3 + 3

2
y[n] = =0.5(0.5)"uln] + 1.5(1.5)"u[n] = —(0.5)"u[n] + (1.5)"u[n], with forced response

yo[n] = (1.5)"u[n] and natural response y,[n] = —(0.5)" " u[n]

|| L= et

(b) Bibo stable, since the pole p = 0.5 is within the unit circle and the system is causal.



11.18

The general form of the z-transform of a system with this pole-zero diagram is H(z) =

o] e iy o . . .
(3_.‘24)”(3_3) = ;‘1'.‘2 + :EE where A can be any constant (kq, ky satify the partial fraction expan-

sion).

For a DC gain of 1 we require H(1) =1 which gives:

A
H{l)= =0 =% A2
V=
Then
22
H@/2=goppon = ==t
-
H(z) = :f; «,6_33

The time functions will therefore be either:

(i) h[n] = ((—4)2™ + (6)3™) u[n], with ROC |z| > 3
(i) h[n] = (—4)2"u[n] + (—6)3"u[—n — 1], with ROC 2 < |2| < 3
(iii) h[n] = (4)2"u[—n — 1] 4+ (—6)3"u]—n — 1], with ROC

(The z-transform does not exist for hln] = (4)2"u[—n — 1] + (—6)3"u[n])

< 2

>



11.19
2[#y)] =F(z)
) 9 -2 gy 2 )= (A"
£ [n v o
[/&J:(_;Z) l) A 50,2 5 s - :0/ Ty cvise
)

L
f 3 s
[ 2 4 & s
G> i fp PR (4917 "+ -
7t )z
s

a # —a
7 =4z

E ’4‘?5—2‘ gy -
(f/,c) a) z = () =2 F(E)-2 |
E e

& F(Z‘):: = )-‘ﬁ(ﬂ]:(,?-)ﬂ

& -7 -t
R I B G IO P R
19) ; J 5 =0 , 6Tlerwis e

-4

R

3 5 h

z J
2 L

—i -3 =2
2 G Ak = o A
) Z—F /=

{

Z .72
7> (-49)z 3
72!

C49)z3



11.20

yln| = x[n] = h[n] = (8[n] + 26[n — 1] + 3[n — 3])
3 b= DR v
= 7+ 2(7) +3(7)
11.21
. ~ 10
~) A7) - z _Z
n_jt o =
ﬁ(h] & n 40]
T
b) F(i*-) 727z =
Z > &3
-ﬁ[”} 3 {,L[H 3)
11.22
(H) H(E} = |:T,J|E| > 1.1
(l]) H(F" ﬁ, | < 1.1
(c) H(z) = ._09:3 2| < 0.9
(d) H(E = m, zl > 09

2hn— 1+ T

« h[n] = hin] + 2h[n — 1] + 3h[n — 3]

. 3h[n = 3]

— 6(7) = 42



11.23

(a) (i) Not stable: pole on unit circle

(ii) Not stable: pole 2 outside unit circle

(iii) Not stable pole -2 outside unit circle

(iv) 23 — 1.62%2 4+ 0.642 = z(z — 0.8)2 so there are poles at 0,0.8,0.8 — stable—all poles are
within the unit circle

(v) 2 = 2240992 = 2(2 — 9)(2 — 1.1) (which can be gotten from MATLAB using ‘roots’
or 'residue’). Unstable since 1.1 > 1.

(b) For (i), there is a Au[n] term in the impulse response so u[n] will have the unbounded out-
put u[n] x Auln] = Au[n] > ;_o u[k] = Anuln]. For (ii), (iii), and (v), there is an unbounded
term in the natural response (due to the pole outside the unit circle) so for example d[n]
produces an unbounded output (the impulse responses are not bounded). Another example
is uln].

(c)

(i) For z[n] = u[n|:

Y(z)=HZ)X{(z)= 4(z—2) g

(z—1)(z—0.8) ~ z—1
_ —20:_ | 120z | —120:
o (z—1)2 + z—1 + z—.8
y[n] = —20nu[n] + 120uf[n] — 120(0.8)"u[n]

(the partial fraction expansion can be done in MATLAB using

[r,p,k]l=residue([4,-8] ,poly([1,1,0.8]))). The unbounded term is —20nu[n]

1

Continued—>



11.23 (c), continued
(ii) For z[n] = d[n]:
s s P 1 3(z40.8)z
Y(2) =H(z) = R vy

= T EEF SR

z

y[n] = 3.5(2)" 'u[n — 1] — 5(0.8)"lu[n — 1] + 1.56[n — 1]

The partial fraction expansion of H(z) we found in MATLAB using
[r,p,k]l=residue([0,0,3,2.4],poly([0,0.8,2])).
The unbounded term is 3.5(2)"lu[n — 1].
(iii) For x[n] = d[n]
vd . e - 3z—0.8)z
Y(2) = H(Z) = T e

= Z e e |

g[n] = —8.5(—2)"tufn — 1]+ 5(—0.8)"u[n — 1] — 1.56[n — 1]

The partial fraction expansion of H(z) we found in MATLAB using
[r,p,k]=residue([0,0,3,-2.4],poly([0,-0.8,-2])).
The unbounded term is —3.5(—2)""tu[n — 1].
(v) For z[n] = é[n]
}/(zj _ H(Z) _ Z_l (2z—1.5)=

=3 _22210.00z

_1 (318182 |, —16667= , 15151z
= z (3_1.1 E e )

z

y[n] = 3.1818(1.1)"tu[n — 1] — 1.66(0.9)"tu[n — 1] + 1.526[n — 1]

(got partial fractions using [r,p,k]=residue([2,-1.5],[1,-2,0.99,0]). The unbounded
term is 3.1818(1.1)"tu[n — 1].



11.24
(a) Poles are at z = +1, zeros at z = 0. Bandstop, unstable.
(b) Poles are at z = £0.97, zeros at z = 0, bandpass, stable.

(c) Pole at 2 = —1.1, zero at z = 0, highpass, unstable.

.2 L2
(d) == = DG poles at z =4,z = 1/4, zeros at z = 0, lowpass, unstable.

11.25

L) = ule) - B (n-1)

o Z) - & k=
) F& =2

7 J
[z >lal (21157
jol < 167

b> iff:; > W<IZ-I<H;.! or [ﬁi<131<192




11.26
(a) Flz)=)." _0.Tuplz™=) " 002" = 1_01.?;.@ = —Z=. ROC |2 > 0.7.

(D ?\JT

(b)Flz) =Y 7 L OTal—Ta "=y 0T =ity 0.?7;’__;?7

z

2| >

) F(z ) =Yoo 0T U4 Tz = 3007 0.7727% = 300 0.7 T2~ (01) = (30) 7
7-7_2£_ ROC |2| > 0.7

*—0.7

(c
0.

0.7.

z—0.7

1u—n TNy z/0.7
(d) F(z) Zh ,—0.7"u[—n—1]z~ Z;« ZA =077 = — = T—z/0.7

ROC || < 0.7

_[]1

() F(2) =3 12 _(0.T)uln+T]27" = 7 (0.72)7" =) ;2 ,(0.7 2)==0) = (0. 72)
(0.72)" = = 07:). ROC |2| > L.

(0) Bly) =7 (00 == 300 F e b= 2L ROC 1ol 2.7

—57

11.27 F(z) = b = = (12 4 22

(a)

(i) |z| < 0.6: both leftsided, fz[n] = (3/2) (—u[-—n — 1] + 0.6 u[—n — 1])
(ii) |z| > 1: both rightsided, fy[n] = (3/2) (u[n] — 0.6™u[n])

(iii) 0.
fo[n] = (3/2) (—u[—n — 1] — 0.6™uln])

: pole 1 term leftsided, pole 0.6 term rightsided,

(b)

() filo] = 0
(i) filoe] = 3/2
(i) filoc] =0




11.28

~) FH(z) = (/) NS e ()2 4

”_+(/)a 29
:(f/ P (=" L +(f/é'>za

2 e a, £L+i

eV Pl P
Az) - (5E)™ - (42)"
/— /2;?'
L) (i = :O----f(@z‘aﬁ; = Roc el o

C”) _’P(“]"(f/a,n; —lo < L1
Frome ) 5 17, (2) = éyé"')"o- AN

= 2,
ﬁ[ﬂ) (é_)bt{n z:} (/)2'(! ub{,(ﬂﬁ?_l)
Fea(2)= (1) ’_2—.__ - (/ff)z' , 1zl >
2y 2%e-y,)
P25, (D)1 F1u(2) 5 12/ Sl
d)f[ﬂ) (/) ? -»‘0<m<’a

Fbi(z)- 1 +(y B E D (22 - - (22)°
= /= {(22)"
/- 272

ST P I .
FL:(%) (*——->—f-( >+ - - —J-——}i. E-(ZZ:EJ




11.29

;::‘(22 32 5 z oz !

r—

<~ Z2-12 &-.¢

A) (2]<.6 5, 6<1Z[<] '}‘T<lf‘z21<l'?;- > lﬂ){z

Jp) 12(<-¢ ;ﬂfm]:—3&[_n—l]_(lz.)hf/(,[_ihqj-y{*g)”u(_uhj
& IEL), F(n) =)o (0]~ 3ul-n 1) — (12U (w1
12 1<12 5 #n) = Loyl + 3 ufn) Q2)" wfow)
21502, ) (O ul)+3uln) 4 (12)" u[n)

11.30

~) V(2 =y(Z")
b) m(2)- A (")
Ho () - 1 (")

o A () - XE")H (8M>



Chapter 12 solutions

[ [A)

(¢) #(n7s)= 8L are()) gL (9]
-ﬁ[ﬂ]:gu [.,Q’,TLVLJ + lfé'i}'t_ [,LfTU’l]
Flo)= é’nk_g_ [ §(a - ,Qn#zm)wg(“*‘m "2’”‘))

= jz,n;é fg (4. = 4mm1¢)-—5@1¢=4n —?ﬂ@J

() §) ~40A [ STnfufo

a%s L ‘ETULJ i ?73(5 [5(41_-‘5?1_-2.%) 4 5(.1?..; .Sn-?,ﬂl%

Uln) e, S nslaom
ot (< ta)

Kgle) «—s Lx(2) xy(s)

J %
@(_ﬂu> . ?f/t; " mk%;[ g(hszwf;'n_me)»F

Pt b) vk puye



e — e e s

— — e — — —

-




1.2 (&
2 ')*L'ﬂl Z‘(ﬁvﬂzo . X(=2) = ZKE‘GE

Mz=cm
o y a0

- 4. i
X(S) = EQS‘T’E ﬂ'-.-: ‘*jf +(5e _)4-(‘56 ):'

x (-ﬁ. \l - I gmmetr £ aerﬁ

ArmT R - En-t
(&) Q- LAY wn > Yy 7?211( ‘5) =
a4 70
4 Teie 121 _ - =5€ =
Rown RELE Y5 E0

© Uiml = 2 lubny~ u.['ﬂ-ﬁ]]
viay= 228, Lt b e e mj

r=d n_ 4
A P Lo - T 1

= Qe'&mﬁﬁﬁaanﬁ&a.;_:fl
oL e TR3E 121 1 V{a)= 2 .am.@__f.‘-)_el—gm

(o Tma-i-mFT'PRn?rﬂ'ﬂ ’A‘;‘(:c_;__-)

@)witm = Rae () + nect (Wi0)

- o 3 2 -
W) = %1 it + iﬂ.?“n'

nNz-2.
Wl = e*meﬂf e*"ﬁ';é*f:e"’i’-:. dem ea A _ﬁféﬁj‘; £
O Frew ThBLE 1%
Wiy = o (88) oom (U o7
o~ ) e (2
(A3 40A 0
W(a)=26s50 f-aza/s.afr}b«l R



12.3
Need to show that DF[axy[n] + baa[n]] = a (DF[z([n]]) + b (DF[za[n]]), where a,b are any constants and

1[n], z2[n] are two length-N signals.

DFfoas[n] + brofa]] = Ty (s [n] + baafre 7% = 5 25 o nle 525 4 baglnle 32
= a Z;u:g I [-n]e_ﬂ”'ﬁ' + bz;po Ty [-n]e‘ﬁ'z"’“.-'r

_ o (DF[arfn]) + b (DF[zsfn])

j2es KD Bal) T, dxia)d E g

___..)((_rz) S %(mj T 5 gm[ﬂ]e
__.-)((_,Q.) é /0{_})}1%[%){; n-‘-?ﬂ%n 1(,,1]{:?7'&

:DT F )g n%(ﬂ]}



12.5
(a) Plugging é[n] in for z[rn] gives: h[n] = 3é[n] + 5d[n — 1] + 3d[n — 2].

h(n] \

5-_ »

4__

3 ¥

2 4

1__
—— 44 —4—4— n
—4-3-2-441 1 2 3 4

{h) H(Qj = E':}:—:x} h‘.[ﬂ-]E’_'jnﬂ =3 4+ ﬁe_._?ﬂ =L SE’_JQQ

(c) Yes linear phase: h[n] = h[M — 1 — n] where in this case M = 3 (h[0] = h[2]),
h[n] = e 72367 + 5 + 3e7%) = e 76 cos(02) + 5)

phase=—1{2
12.6
(a) No this is an IIR filter with impulse response h[n] = 0.7"u[n]| or hy[n] = —(0.7)"u[—n — 1]

(b) Yes linear phase since ho[n] = ho[M — 1 — nl:

Hy() = e 393992 | ¢~ 379 4 30— 397302 4 0—730)
= 2e=272(cos(3Q) + 3cos(59Q))
phase = —%Q

(c) Yes linear phase since hz[n| = h3[M — 1 — n|:

H3(Q) = 2(e29 4 e7279) 4 3(et 4 e 72) - 7
2(7 + 3cos(Q2) + 2cos(202))

phase = 0

(d) No symmetry conditions satisfied =——- nonlinear phase.



/- F /(a(—ﬂ'f) Jye ‘zfi é-’r‘j_;z
W) = 22 f, (25) 5= - 2)

Xo (*Q) 'ffzji(e Y. ZJO
(11 26s20) LA () = -2

RS Ay0)-x[m]
y(-ﬁ-) 2 X[%Jﬂ Ot ,f’:%
y(ﬂ):{i X(eJe T Xy )

(9 Aeln) il (4 0 40)
e X(k)- Lo(BEY £y p=g

i % ( 4+ 4 )
75&[&} [,{ o) aZf?J



/R /0 "’(’”56 Hm_)

bl Hlk] - H(”)“[cf o 1]
hin] 4 47172,9{% IPFT of H[;cgﬂn jénn

}1[“] /4_&2:31 HC“:JW :_‘IF gjé-f J

h(‘”] :i/p_./" o _J/?.:’OJ

12.11

; [ g 2
Tn| = Q%N “ﬂo fsaﬁ( ()_2”)—6()(()— ))(J”Q[()

= % (G(-:-m' + 6T ) = 3/2¢"% 4 3/2(:-?” 2

This gives:

tin| = 3.n=0.4
— B:n=1:5:9
= —3n=2.6.10



12.12

—15-14-13-12-1+10-9-8-7-6-5-4-3-2-1 1 2 3 45 6 7 8 9101112131415

First consider the signal zp[n] = z[n] over 0 < n < 3 and zy[n] = 0 elsewhere. Then:

Zo(R)= Yy zlnle i = 26790 4 16720 2 9 4 920
2= 2 o Zo(3E)8(Q - k)
= 2 e —oo(2+ €762 — k5

Note that 2 + e 7% =1 if k odd and 2 + e 7*7 = 3 if k even. Therefore:

Z(Q) = i %5(9 2k + 1)%) i 3;5(9 - (Qk)%)
il
'Z("J'?-)
) F1 7
- ‘ > L



—A R
12,43 X3 5 Tsrams X[el= = XDnle 3747%} R=6,1,2,3

() - N=o
c v 23

X{ed = v +1+i+0 =3 _

X0l = \-s-té'a‘zi-e'&“}o = e 3%-,_3'1
X2 =g ¥ | oy e
YL\ =14 8T L @2 @ TR 4y

. XLR1 = t?‘; Qb o, 3"1

’Sfx{ﬂ\ 7 IXCAR
1 %-&

: oyl b

5 ! E } %,

(b)Y ™aTLRR .
> x=01 Lt ivyo o 0]

>> X = £8E (XY,
> stem { 363( X))
>> stem (3ngie (X))

/[R-13  C) Matinds problesr

2 %:[llilllulooOGODOJﬁ
> 8 = Ht (7()“2).3:

»  Plot (ass(xX))

Sy plot (angle ()())



12.14
(a) Note that z[n] = (0.5)" over n=0,.... &

‘ B S " .
A[kl = En:(}I[ﬂ-JE’ 32;7“8 :E' DS“E’ Jgﬂ-ﬂs

n=0 """

o ke

1—(0.5¢— 33" 538

R g W
1-0.5¢7%"5§

using the formula Z:r:_ol r = %,?‘ # 1, where In this case r = 0.5¢ =927,

(b)

>>xn=0.5.7[0:7];

>>Xk=fft (xn)

Xk= 1.9922 1.1861 - 0.64871 0.7969 - 0.3984i 0.6889 - 0.1799i 0.6641 0.6889
+ 0.17991 0.7969 + 0.3984i 1.1861 + 0.6487i

>>Xk=(1-(0.5%exp (- j*x2*pi* [0:7]/8)) ."8) ./ (1-0.5*xexp (- j*2xpix [0:7]/8))

Xk=1.9922 1.1861 - 0.64871 0.7969 - 0.39841 0.6889 - 0.17991 0.6641 - 0.00001
0.6889 + 0.17991 0.7969 + 0.3984i 1.1861 + 0.64871

(c)

Xk= Yo _on(0.5) e~ = Y7 n(0.5e~327)

=

1-a®—(8)a" (1-a)
(1—a)

where a = 0.5¢=927%, This comes from the formula Y_ ka* = ot Y gaf =as (%)

@

>>xn=[0:7].%(0.5)."7[0:7];

>>Xk=fft (xn)

Xk=1.9297 -0.2334 - 0.87581 -0.3438 - 0.22661 -0.2666 - 0.06331 -0.2422  -0.2666

+ 0.06331 -0.3438 + 0.22661 -0.2334 + 0.87581

>>a=0. b*exp (- *2*pix[0:7]/8);

>>Xk=a.*((1-a."8)-8*a."7.*(1-a))./(1-a)."2

Xk= 1.9297 -0.2334 - 0.87581 -0.3438 - 0.22661 -0.2666 - 0.06331 -0.2422 - 0.00001
-0.2666 + 0.06331 -0.3438 + 0.22661 -0.2334 + 0.87581



/2.5 m) AN} =[50, 4055 1555 1.5, 405, 5.0 5 —4-05

I P I-€‘5J
- __.Vt

IE 2%[@ g WOy

X([i] :[g,g‘)g 95‘1,_64 G15 3- 454 2T 15443 I 118,
5.0 5 5 45— N-853.45 - J 2.y , 265 81)

e r—

12.15() MaTaB
>7 fovr Mm=1y 8
Xy = 5%Cos (f‘n-l)*a*.p:_/m)j
end
>> K
>» X = £E@(x,8);

>> X
>% Foy m=1u8
W (n) :(11—-1’;*9.*10?.*1&/83
end
> 2 stem (W5,3bs (X))
> Stew (uJ,anqgle (Jt.n,

€Y Xl = "{53_5 %(8ﬂ-ﬂ'§= S'WLS (w-gm)+ S(LQ-.-ETJ_]

X(w) = STr[g(u:.-25.13’1)4—5(&4—25.!37}1

Tt i3 Seen that the DFTCan be «sed to
approximate the Fouvriey transferm. The DFT
Yesulty vy This Prablewm €Xhibit SpeCtrum Spreadmg.



.16 “P_k'h.h“i'ﬁ% Window is quuen by €4.(258)
han [l = LDJ 0.1883, 0.6u3, 0.9505, ©.94505, 0.611%, 6.1385,5‘3

%, 600 ham bRl o) = E;. =0 T6l5, 0.9945,1 4036, -3.3465, 3.0563,-0,7615, o]

Xalkl= E:*-lmi O-1068-400448 , - 4.0219- 10,0820, T.5829+§3.3¢71
- ?-1‘252} 1 -53&"}3-%1 lf) = f!ﬂl?g'fa ﬁ'ﬂ f% J O'I&f ta-ﬁ- 0‘?431

THE FEEG}_UEIJC'-! %@MEMTE ofF x?__[_ﬁj ﬂi AT
wiel = atd - 2574 , T, ey
NT

NOTICE THaT THers 15 A kAReE CompoNENT, AT %4
er >[R] = 1OT (rad ) = Wy [, ﬁﬁtﬂse uFMm
SPREADING ~ HowBvEE - 1S LESS THAN FouND (N P 215,

The Hﬁ“ﬂmﬁ} window cenevated by Tthe "k‘&nuimf\(s}“
Covmand in MATLAR differs Svom that qivew
by 4. (12.58). However, thne vesuit oc using

the MATLAB fonction is Similay to Che Caleulated
esotts .

S C@am@'f "W ad in Probles [2 ]S ('év)>
> AW e Iammmg (3)", Soh 5

> Xh - pft (.%h;3>5

) Pl W ag jn Problem 13 js (b)
> Shem (W gbs (Xh»;' M'S([q,éa) 0, azo])



17 A E [ (8%, )% %)

f!y ﬂ‘f’ﬂmgm%_ of Wﬁﬂ&mﬁw 7
:#NS Lictp )+ ’/erS[;c-p} Vi NSLi=p ) +
V%NS[M P)
=85 [§ [csp)t SLk-p))

7l
Hn] = e ) =8

jé’smz ~ J 2
X(x];féia’?‘éjT i jm/;‘)

12.18

=0

=85 (k-3] 2 WMM of tepoperdraly
K091

T35 ¢ 2 21

12.19

f’-l) A (z[n] has single frequency —3/8 which is equivalent to frequency (8 — 3)/8)
C (z[n] has single DC frequency)

(b)
(¢) D (z[n] has single frequency at 3/8;)
(d) B

(d) B (X[k] = 7 _, d[nJe 927 % =1 for all k)

12.20

Yl = xln+i) ~9L[n -3}
y () = XD«'—]e + = X[I) A sz ngj([kj

= X (k)



12.21
(a)

Flw) < 3.5 [ §(1-148) 4 (et 140 )+ Sleo- 00) 4 (004 w)]
Tt highest Progusaiy Compordnt <3 146(174€ )
&vg>,,2x,u,o (”M%,) — s SR80 ey

<% e <22.4 (M)

(b) To have resolution of 1 rad/sec, at ®s=300rad/sec, need 300 samples.

12.22
5"\') A=

Care riot oicer 7S

WMM
74 /_.4.._
02 4
W5> 2 X ppux. = Wm< 102 4T




12.23

(a) X[k] = iy o —jom &k + ei2m s o—i2m L i pi2mg o —jom Lk +Ej2r%e—j2r3Th
=1+ ei3eIkF 4 pimeminh | gindo—iny

=14+7j-1-3=0,k=0

=1+1+14+1=4,k=1

=1—9=1+149=0,k=2

=1-141-1=0,k=3

= [0,4,0,0]
= 4d[n —1]
(b) H[k] = 2e7927% 4 1e=027% = 9 4 ¢~
=2+ (-1)F
=3 E=_]
= k=1
=g k=
= Luk=73

=[3,1,3,1] or
= 3d[n] + d[n — 1] + 35[n — 2] 4 d[n — 3]
(c) X[k|H[k] =0,k =0,2,3
=4(1)=4,k=1
(d) a[n) @hln] = DF (X [K|H[K]) = § Xy_o(XK]H[k])e 5

iy, 1n : i : ; . . .
- %4€j2ﬂT = el = (J])n = [l!jt =1; _j]'



12.24

(a) z[n] =[-2,-1,0,2], y[n] = [-1,-2,-1,-3]
z[n] * y[n] = [-2(-1), =2(=2) — 1(-1), -2(-1) - 1(-2) + 0(-1),

= =8 = D=1 4 000) =001, —T{-8) £0(=T) £ 2(—2), (=231}, 2(-8)]
= [2,5,4,5, —1,—2, —6]

(b) z[n] ® y[n] = [=2(=1) — 1(=3) + 0(=1) + 2(—2), —2(-2) — 1(=1) + 0(=3) + 2(~1),
—2(=1) = 1(~2) 4 0({—1)+2(-8); —2(—3) —1(—1) +0(—2) -4 2(~1)]
= [1,3,-2,5]

(c) Rpyln] = Ei:o z[kly[n + k]. We assume that the first element in the vector is at 0, so this works out
to: Ryy[n] =[-2,-4,-1,-2,5,5,6] for n =0,1,2,3,4,5,6

(d) Ryzln] = Yo_g x[n + klylk]
Ryz[n] =16,5,5,-2,—1,-4,-2] for n =0,1,2,3,4, 5,6

(e) Rzz[n] ::EZEZOJ{H-—kaﬂH
Rye[n] = [-4,-2,2,9,2,-2,—4] for n =0,1,2,3,4,5,6

(f) In MATLAB:
r=[-2,-1,0,2];
y=[-1,-2,—-1,-3];
% linear convolution:
conv(x,y)
% circular convolution:
Xfft=fft(x);
Yift=fft (y);
real (ifft (Xfft.*+Yfft))
h Rxy:
conv([£fliplr(x),zeros(1,3)], [zeros(1,3),yl)
h Ryx:
conv([fliplr(y),zeros(1,3)], [zeros(1,3),x])
% Rxx:
conv([fliplr(x),zeros(1,3)], [zeros(1,3),x])
(Note that the linear convolution, and the correlations, could also be done in the frequency domain

using ££t).
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The extended sequences must have 4 + 4 — 1 = 7 elements: we just add 3 zeros onto the end of each and
perform circular convolution. z,[n] =[-2,-1,0,2,0,0,0], y.[n] = [-1,-2,—1,-3,0,0,0]
z.[n]| ®y.[n] =[2,5,4,5, -1, -2, —6]

A(K=lia -2-25 o -2+
HlK)=[a3 5181 .65 -5l+37)
Y] = 2l)Bhn)
YK = XOH[E) = [27-6 ~2.64 440 6 ~2.04--b4]
7] :4“#6()’[#]):(&% Lb 8.22 1]
2] =822
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(3} ‘U‘f;n] = XD A% aCnl, VAT #XIATV[A]
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ylml=L éﬁ\g[ﬂe" &’?*J 7n=0,1,2,3

xInl=12, ¢, ¢, 8] | gl =(L 35, 3, O =yfn]

C 0 2 ¢ 6§ o g‘l‘”'jm ConVoLJTioN , "P=7
g | 35 I's o

U21=07 pr6r/8+670+06 = 30

e ————

() WIR1= X[RIY[A] = T.'“" 12144, 0, 127)4]
win) =RFWER = & Zw[ﬁle‘“’"ﬁ“’* n<e,,z3

wizl= zmcale*“"‘ = 38

(G R."ﬁ: 'x.Lw_‘_[*'gL-“] Ryyl2l = ?%%
OO0 = =12
= x[-nA¥4In] _ 13210
(dY R‘ﬂ'—- [= a 3 Q ‘.11 ‘;2 o ¥ o0
O +0% bt24 +0+0+0 =348

ml——

@3 ,QY_T_ = 'K[_‘ﬂl*'}i.t“%}

Rev 1T o0 2 ¢ L ¥
Ak G ¥ oo
0+6 + 12 +48 +0+ 8 = 60

FY S = w XERIX%R]
=*% 2z -4vry2 =4 -4-32] Y:z-?- i - [t 4 -?*31]
iz [(z D) (49gD-9-2) C6)(6) 43 ﬁ-‘i*a_l]

= L
T {4?1- 2o 3¢ zo]

Skl= L2 5 751
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MATLAR

EDU» £=[1 2 2 11;
EDU» F=£ft(f,4)

12.29
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EDUs X:-fft (x' a)
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12.31
function compressimage(percentzero)

inputimage=imread('filename’,'pgm’);
s=size(inputimage);

height=s(1);

width=s(2);

INPUTIMAGE=dct2(inputimage);

numbercoefficients=height*width*percentzero/100

side_percentzero=sqrt(numbercoefficients)

tpic=zeros(height,width);

for i=[1:round(side_percentzero)]

for j=[1:round(side_percentzero)]
tpic(i,j)=INPUTIMAGE(i,j);

end
end

iinputimage=idct2(tpic);
figure
imshow(iinputimage, [ 0 255])
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pause
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pause
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end
y

2 - - h
/34 (0 Pr:zizI-AY'=2 75z = 5502 = Prm=095
(b) 1Inl=PIn1¥Lol=0.95" yrni- C2Bil= 3(0.95)"
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306 ) ¥LI1=0.95 XL610.95  yrg)- 0.95 2L71 = (4950
Cot) g1z 095 ¥L0=(0. 95)" 4 2In)= (8.95)"

(d) X(® =(I-R) Bz oF vy ,_\95 UiE)

3. ___{ 20
2 T e " BT T g D Xl =20(1-0.95") nzp

31’"3- SEInI=4b{(/- o 95"’)J nzo

v

y
(&) Hiz)=C121- m‘suz, =2

2z Y[ZJ = iy} Y | "
T(2-12-0.95)7 2-7 t 744 wyys = jf.’n]-éo(l- 8.95°) nzo

(£) u=1;x(1)=0;
for n=1:5
y=3*x(n)
x(n+1)=0,95*x(n)+u;
end

iy

13.17(aY From Feob 3.1t , Hiz)= -'.!':-.;..é.l-z = 24}

2.
wurf L]
A PP 3 3012 o103 0 S1-[
8,78+ 3 T[1]-T4 '
Co=CP=Ib 13[! '] I 2]
; 4)'1-,,.,.,]_[ ]m-r[p]urﬂ y 31‘:«1 L1 z]vin]
zd) 2L-Ap=[EH !],rzr-A!-ez-A

e 24+]
He2): aL2T-ALY B, =L1 zJ[ - ;ﬁ][ ] 4 21[@} =

(£) 2,24,=0
(13.47) 13 I-AV=2%= [2T-A,) = (2-20)(g-2)

(13.48) ddA=0 =did A, = (0)(2)
L13.89) DL A=0 =1 Ay = OF0

leile)

.

a=[0 0;1 0]; b=[1;1]; c=[0 1]; d=0; g=[2 -1;-1 13;
P'an(tI):

av=q*a*p

bv=g*b

cv=Cc*p

pause

[n,dl]=ss2tf (av,bv,cv,d)
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Prot- _ 22*_5,0352+5,0%45
/318, (a) Frme Preb. 12.8, H() TR TR

P
AP ape[2 i3 AL
- [49 25100 L= 18 4]
B,= P83 1[5as] =[2%5]
Cp=CP =[5 -131]} 1]=To2 <11 Bu~ D=2
ateee [t} £ Jsna s [otgon
Inj=I0.2 ~Li]erIn] +2
(d) 2I-A, =|26H 8 1 12I-Al=2%192 +08
H) 20 (2T-AN "B, +Dyr 10,2 1134 [f‘;‘;‘ . ‘_,,]":;25 +2

= 7-[0.22+497 4124 204] ‘2'35;]4-2: 22% 5,0352+5.0845
. ’ 2." ] 6'2
$ €13.47) 12I-Al= 52-1.98' 6,8 =]z21- 3(,] =(3-?-Zq)/(23%63)

€13.49) dt R=8.8=dd A= (1:2D18.43)
0B.L8) T A= 19 =% By = 1274043

(erle)
a='[1.9 -87;-1 0}; b=[0;.95); c=[1.5 -1.3]; d=2; g=[2 -1;-1 17;
p=inv(q} ;
av=g*a*p
bv=gq+*b
cv=Cc*p
pause
{n,dl]=ss2tf (av,bv,cv,qd)

13,14, L&) Faoym. Prob. 13,14, 0.E,: 2% 192 +0.8 =(2-/27)(2-8.63)=0

nst glable
bY media U2ZNY (.31

(G.) a={1.9 0.8;-1 0];
eig(a)

/3.20.(4) a=[0 1 0;0 0 1;1 0 1];
eig(a)

Fason MATLAB, 2=/44L5¢, 6,924 [ 104 4°

2 o,
(Y modha: (1H450)", (-0.2322450.7924)) (-0.2528 7 6.7924)
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