LOSNINGSFORSLAG TILL LEKTIONSUPPGIFTERNA — LEKTION 6—7

Nagra allmanna kommentarer gallande flera av I6sningarna:

® Genomgéende anvénds kausala signaler och kausala system, vilket innebér att det dr den enkelsidiga
laplacetransformen som anvénds.
Bokens forfattare véljer oftast att inte ange konvergensomrade i transformberdkningarna, eftersom
detta vanligen dr uppenbart nér det &r den enkelsidiga laplacetransformen som anvénds. Vid
berdkningarna bor dock du ange konvergensomradet, dtminstone i de fall dér man skall
1) Dra slutsatser om systemegenskaper baserat pa H(s).
2) Inverstransformera laplacetransformer for att erhélla motsvarande tidssignal eller impulssvar.

® | |6sningarna anvénder sig forfattaren av olika transformpar och olika transformegenskaper, men anger
inte alltid vilka samband som anvénds. Det bor dock framga vid koll i tabellerna vilka de aktuella
sambanden ér.

e OBS: Dir det i 16sningsforslagen star H ( ja)) , & kan du lika gérna skriva H (a)) !

Forfattaren skriver H ( ja)) eftersom boken gér igenom laplacetransformen fore

fouriertransformen, men i kursen behandlar vi fouriertransformen fore laplacetransformen.

4.3-1. (a)
(s°+3s+2)Y(s) = s(=)
1 1 1
Y(s) = 2+35+2 s+1 s+2
y(t) = (e7* —e ?)u(t)
(b)
(s*Y(s) — 25 — 1) + 4(sY(s) — 2) +4Y(s) = (s + 1);1:-1-
(s +4s+4)Y(s) = 25+ 10
and y(s) = 2810 2410 2 6
s2+4s+4 (s +2)2 T s+ 2 + (s +2)?
y(t) = (2+6t)e*tu(t)

(s’Y(s) — s — 1) + 6(sY (s) — 1) + 25Y (s) = (s + 2)232 =25+ %O-
or 9 50 &%+ 325450
(8“4 6s +25)Y(s) =s+32+;—- =
s
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2 —
- Y(s)z s +325+50 _%+ s+ 20 2‘1_ s+3 2_3 4

= = —+ e
s(s2+6s+25) s s*+6s5+25 s (s+3)2+42 4 (s+3)2+42

Konvergensomrade: Re{s} >0
Tab. 4.1, transformpar 2, 9a & 9b ger dé

y(t) _ (2 e cos (41) + ?e—% sin(4t)j”(t) = (2 —e (cos(4t) - ?sin(4t))]u(t)

4.3-2. (a) All initial conditions are zero. The zero-input response is zero. The entire re-
sponse found in Prob4.3-2a is zero-state response, that is

Yas(t) = (e-t"e_m)u(t)
Y2:(t) = 0

(b) The Laplace transform of the differential equation is

(s?Y(s) —2s—1) + 4(3Y(3)__ 2)+4¥(s) = (s + 1)—3_}-7

or (2 +4s+4)Y(s) —(2s+9) =1
2 =
or (s*+45+4)Y(s) = 2s+9 + 1

i.c. terms input

25+9 + 1
S24+4s+4 2445+ 4
zerojirnput zero:gtate
2 ) 1

= +
s-l—2+(s—i-2)2 £3+2)i

g

zero-input zero-state
— -2t —2t
y(t) = (2+50)e™"+ 7 Ju)

zero-input zero-state

Y(s) =
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(c) The Laplace transform of the equation is

50
(8?Y(s) —s —1) +6(sY(s) — 1) +25Y (s) = 25 + -
or 50 |
(" +6s5+25)Y(s) = s+T +25+—
ic. terms
input
s+7 25s + 860
Yis) = §% +6s + 25j+\s(s2 +6s +25)
zero-input zerojgt;te

Dvs. Y(s)=Y,(s)+Y,(s),dér

s+7 s+3 4
Y (s)= = + ,
a(s) sP+65+25  (s+3)+4% (s+3) +4

Konv.omrade: Re{s} >-3

255+50 2 —2s+13

Y. (s)= =24
ZS(S) s(s2+6s+25) s sP+65+25

=2‘l—2- s+3 D, 4 Konv.omrade Re{s} >0

+ b
s (s+3)+4> 4 (s+3)+4

Tab. 4.1, transformpar 2, 9a & 9b ger da
y(t):yzi(t)+yzs(t)

= (cos(47)+sin(4s))u(r)+ (2 —e (2005(40 —~ %sin(4t))ju(t)

yu‘(t)

)’z.f(t)

43-5. (a) 752

(b) 35247545
§3+652—113+6

(C) 3(3.9% +24)
()
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4.3-6 & 4.3-7:
3 ”’Controllable and observable
(b) it +84¢ dtz + 5 4+ Ty(t) = ’d"t'f' + 3dt + 5x(t) | systems”, enligt uppgift

(se sid. 123) = eventuella

436, (a) T¥+3% 4 8y(t) = % 4 5x(t)

d? d 5
(C) “&?23 - 22% + 5y(t) — dt2 + 7 + 2:c(t) | sammanfalland?/overlappande
: poler och nollstéllen far inte
. 1 elimi !
437 (a) (i) X(s)=1 e
10(25s+3) 6  —6s+8 1 s+1 2
(s)=X(s)H (s) s(s2+2s+5) s S +25+5 s (s+1) 427 (s+1)+22

Konv.omrade Re{s} >0
Tab. 4.1, transformpar 2, 9a & 9b ger da

y(1)=(6-¢"(6cos(2r)~Tsin(2t)))u(r)

(11) :c(t) = u(t - 5) and X(s) — %6—53

_ 25+3 s, 0.6 1 [ —65+8 \] _s,
YO) = Fr259)° _[3 +10(32+2s+5)]6

=iY(l.)(s)e_5S, dér Y()( s) &r lika med Y

1 st
10{ s (s+1)2+22 s+1 +22
10 (

i fall (i) ovan

= () = 110y()( 5)=%(6-e-<f-5>(6cos(z(z-5))-7sin(z(t-5)))),4(;-5)

Egentligen behdvs inga transformberékningar i det hér fallet.
Eftersom x;) (1)=10u(r) — i) (1) , s& ger LTI-egenskapen att

1
x(ii)(t):M(I_S):Ex(i)(t_s) = Yy (t)=—y(t=5)

(b) ij(t) + 2y(t) + 5y(t) = 2&(t) + 3z(¢)

438 (a)

X s)=l—L _ , konvergensomrade Re{s}>0
s s+l s(s+1)

Y(s)=X(s)H(s)= 1 _ 1( 1 s 1 3

_— = - +— , konv.omrade Re{s} >0
(S+1)(s2+9) 100s+1 s%+3? 3s2+32] ts)

Tab. 4.1, transformpar 5, 8a & 8b = y(1)= %(e_t —cos(3t)+%sin(3t)]u(t)

) 3(1)+9y(1)= (1)



LOSNINGSFORSLAG TILL LEKTIONSUPPGIFTERNA — LEKTION 6—7

4.3-9. (a) (i) X(s)=-L: and

s43
Y (s) §+5 _ s§+5 3 3 2
(5+3)(s*+55+6)  (s+2)(s+3)2 s+2 s5+3 (s+3)2
y(t) = (e —3e~3 - 2te ™3 )u(t)
(i)  X(s) =5
Yis) — s+5 3/2 2 1/2

(s+2)(s+3)(s+4) s+2 s+3+ (s+4)

3
y(t) = (5e —2e% 4 %e"“)u(t)

(iii) The input here is the input in (i) delayed by 5 secs. Therefore X (s) =

+5 _ 3/2 2 1
Y(S) S 5s _ _ /2 ~5s
(s+2)(s+3)(s+4)e [s+2 s+3 (:9-}-4)]e
y(t) = g_e—z(t—S) _ 9=3(t=5) %e-4(t—5)]u(t ~5)

(iv) Thﬁt irg)ut I;Sre 4is equal to the input in (ii) multiplied by e?° because
e~ = e*%¢™*, Therefore the output is equal to the output in (ii) mul-
tiplied by e20.

3 _ 1
y(t) = ezo[:?-e 2 073 4 Ee““]u(t)

(v) The input here is equal to the input in (iii) multipli —20
b plied by e because
e~ *u(t — 5) = e=e~4(t=5)y(¢ — 5). Therefore

—20(3 _o(t— —3(t— 1
Y(t) = e [5e720) - 26736-8) LoDy s )

(b) (D?+5D+6)y(r)=(D+5)x(r)

Kommentar till 4.3-9 (a), fall (iii): I 16sningstexten till (iii) ovan, sa star det att insignalen &r en fordr6jd
version av insignalen i fall (i1). Eftersom systemet dr tidsinvariant, sa erhaller vi direkt utsignalen som
motsvarande forskjutning av utsignalen i fall (ii) — dvs. utan att anvidnda transformberdkningar!
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4.3-)12 Hle 535'):1"1 z uppsi-@c'en 5“\_\}_4_9§:‘_l.i~ =D

Honverjtnsowf:da‘k Q‘Sr }\-{s} ax )2&[83> Oe ’
dar— Vo, av Tea.zdc_’en av den ?OZ '3 H(.S) sowt [l'jger

(a) Zc?nsszL Ll L83er ¢ 5-—:;)-.1«61:.
st S s+S
() H(s) = "s2+3s5+2 — (s+)(st2) - Ke§s3 > —I

JUO *dxelu /534:\" ' L_on\!efﬁe_u,sow\‘cucf =) Sﬁll’li‘é’ﬂj‘#t"f

(W)= Gy, Refsdso

\)W'dllc)u ar mc’ '2:!'” Lon\r.ovvf. MEn c’U\Ae’Po( P; Sw-—q(e'\'\
=y fnstedilt 5(\{,\5102'*'

i)  H#HB) = -iéi;;}— Rejs>—-5&

Med avseende 74' ,)olen r$=-§ ock )Aowerscnsoww‘c’c{s u"scm}c/
Sa //:Sscr \)'w-'—xdu ’ )Aonv.owrc'Jr_"' ol Jljd"'elﬂ&"‘ N 54@2’:[{
DOC\\ ax J&'L' -g\cf “ou\s‘ézurn awn

_Sfl»\US‘)l:CNe,'}' e eé: 5‘\:1\,.[[{ |
o ac det oft wollsille Llee a ankel poler (w/u WP i-j

Po'ef‘ ;:>

o en elool
S'SS)CMQ'I’- aCc Ntfﬁfﬂ%sklf’{’ . H(S)\ £ an l?

t $=00

()  HE = S(S:j) ; Relsi>o

O‘w-a.)(c)n u-%'ér en m.\J -éf'” Louv.ow\r:leL 05\1 Jg}-— -C;’nus ev
enl«e)Pol Ya' J'ww.;ldtt = &5&#«&% N ;A/e.ry'ugu*: 5{&):’”.

5+5 st
(v) Hé)’ S23-2s +3 (S—I)zwt@i‘)z / /?e351>7

(Dvs. Uls) Var Bt polpar ¢ szltJ'V‘z_’>

J'w—-a;(e}n %33@ L‘ii / Louuevatnsowva'ale',: %r H'(S)
=D ﬁs dabrlt 5(15{1’"1
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(B @ (0230 +)y@) = (d+3) x@)

=)
<s +3s +2) ‘r’ls) = (s+3) X0 -
(s) st+3
He) = _)Y(ZT) = Gr)(sr2) 7/ Re {sf > —{
jto-.zxe)n r/jj'cf /' )\onv,owv‘:cle‘l: -=> S{Q.L,'Zi- SSJ}QM
(t'i) <D21‘ 3D 'hZ) (j[{\ -y (DH))((-H N
(s*+3s +2) YUs) = (s+0) XO)

=D
s+ 7
He) )Y(((_z) Gr)(s+2) =~ s+a Re (81 >-2

\)W exeln /{ljﬁt\" ) Louv ovvuch-,'l: => 54 3 H— Sq\sky\,
(‘-[Z) (D > D—Q)'j&) = (p-) x4 S
(s + s—.:z) Vi) = (s-1) X(s) a5y
is) s -1
His)= Xl) — (s-D(sr2) T 5';% e (s| >-2

Jw axe)n 4‘33&— ¢ \‘onv.owr:c{c{* = 57{&)"24’ S'HS‘IC'M

) (p%3p+)yl) = G-Dxd =
(s*-35 72) Yls) = G-) X))  =>

ls). -
HO)=3xB) = Gp(imy = sk Redsl>2

dw QXC)M ’/'339‘—,_"_1}_‘% ! LOMV.OW“:JE{ => -/’U?lc-zlrzé. Sqd'llﬂlf‘f




é’r{{'/ Rita gpemi‘a rschema:

(

Bmuu L8
~ S
X (S) Vc (5) V(S) X (5) Vc(‘} ZS

= '“//Cs-n) = —-(s-u) =
+(5+1) s%+ S-H
E J!")ms v 25 .

Y(5> = U¢,<5) , a/?f U¢ (S) = X(S> ) ]t £S
s+
= P((S) sZ+ 2542
s+l L
=5 \Wls)= XC)  @igsta st
(S) _ A 1 ;(om/cwvr JZQ§S} > —{
..—> ‘H_(S) = )((S) SQ‘}'ZSH'C:%:;J’. Gj po’er‘ Lse ..'-FJ yse ngku)

d2gt) , dyt) .
> (SZ+J,5+,2>Y(S) = X)) & '3;%‘+,2;9‘+2y&) X3

N
—&
:-fe alf) = X(S>"' S+ /?QSS‘
X % 4.0-6) | ( )
R Y S
V(S):X<$)~H(s) = ($+})z 52*25,',2 (S”")Z (S_,_I)z_’_,z
ny.omy,  Pei -1
Tab, Y.0-¢ L 4./-7 ger s’ Konv.omy. B 1517'

(f):f.e**—‘.ace>—e“€ si@)-ul) =€ (E-sin()ult)
'—(‘:gzs({-))
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4.4-3. The impedance seen by the source z(t) is

Z(s) = Ls(1/Cs) _ Ls = Lsuwg?
T Ls+(1/Cs) LCOs*+1 2 +wp?

The current Y (s) is given by

_X(s) _ 5% + wo?

Y(s) = Z(s) = “Lowg? X(s)

AS A A
X(S) = 32 +w027 Y 3) - Lw02 and ‘y(t) = Lw026(t)
(b)
. AQJQ _ A 3

[4

_ ‘1’(5) _ ’I_ - 52+wo
&) M=y TEe T Awfs

f—?n-l-lv no”.S'}‘I‘//en > awtel ?oler *—=>_é4;€‘f!‘tlv'/'fl Sﬂs—-)ew,
C L:Ja :'w}trn'l: A eX‘)'ern'l.l:).
7 Je/uPPcs. 2,) ser v’ rock §5r 544 en a'usr'gual— (L:grwscd)
$oW qer en Mear'ﬁu}cJ u')-sr‘jm..l, e det & )fr; Lsr a ’
X(s) har poler € 2205) Ver sine. 2vi wollstellen (s=-t)w.§

2) woamtredls AT, Rl
N | Y¢s)

op.scheme
% +
"‘*’CE == 4% =D X Zy

(s 5’-%&54—(6
"",‘:"-2"‘]:':2""‘L2 = [+ S%e T e%+1b

i
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=>/lz_'li_,,,,£-;s>_z X() By s+ (s )
Fntel 70”‘“‘(2) > ankel wollskcllen () = ok.

ey

Rede ?olv_rhc. }.' v&'s;'(si-e.r‘ Mcluplc.n =

. [ ]’\
ede  rnsignel-y —gtebi OC-, .
W Cinge pelerer Frbories Jort)

/?nm.' _Z‘/Dnu-fLen her alle -?35:’)«20’;)m syS‘nm'njgl\t)?or en

] ; & hrets wrodsverende
e res:.s-}ans O, V,/Le,y’- Ser enr X

dew ; . 54‘2’{1 . ) Cene
HA‘: m;f:;fﬁ-ﬁ’;:;j heller en ’«pacc Fens OA d ’;::'2-
dli'fel\-‘l’ '}(” en 5??'\!4,“\55)»21’& - Je{- kcu vere etily

44-11. (a) (i)

652 + 3s + 10
3(2s% + 65 + 5)
y(0+) = lim sY(s) =3

8=+ 00

Y(s) =

Vo) = limsv(s) =2
(i)

2
Y(s) = 65 + 35+ 10
(s +1)(25% + 65 + 5)
y(0+) = Iim SY(S) -3

300

y(o) = 31_1_,% sY(s)=0

10
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(b) (i)

s2 +5s+6
Y(s) = —
8“4+ 3s+2

This Y(s) is not strictly proper. We can express it as

2s+4
Y()=14+ T~ ~
() §2 43542
s(2s+4)
s—o0 2 +3542

S3+532+63_0

Hence y(0%)

and

y(co) = lim sY (s) = lim -
(ii) =0 s—0 52 + 35+ 2

3 2
Y(s) = 8 +24.5‘ +10s+ 7
§“+2s5+3
Because Y(s) is improper, we shall find its strictly proper component.

s+1
s24+2s+3

Hence + : s+1
y(07)= lim s -
(07) §—00 (s2+2s+3) 1

(s3+432+103+7 0
s2+2s5+3 -

Y(s)=(s+2)+

y(co) = lim 5

Kommentarer till 4.4-11 (b): “Proper” innebdr att ndmnarens gradtal > tiljarens gradtal
I fall (i) bidrar inte termen 1 till y(0+), for inverstransformen till 1:an &r en dirac-impuls och
den ar noll vid ¢ = 0+. Motsvarande géller i fall (ii), dér inverstransformen till (s+2) ar lika med
dirac:ens derivata plus 2*dirac:en — ingen av dessa ar nollskilda vid ¢ = 0+.

11
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6’5 i 4 ! | 2

a-b * - + Foelle 7
X e )] v T T ke g VO

I .
ORAR I A

sptvlﬁiujs -
Je’nfujqf‘

B
dor VE) =X () 2+R
= V(S') = —SL X(S> |

e R = Z//(I-H) = TR
[ (s);.fﬁ(_S)_:,L_
> Pes) =55 X)) S8 5 T 2

' 1.t .)
Ne‘i ’ hae Qc'r vy !-1"-\.—&—— u‘.&,): (5)2}11:(5)‘)4?_(5) =2z q/
g&‘f‘ Jﬁ’—?’: C'Q‘LCF‘-CE?’&GM?L Sss*ewa'l- l' ’/u-s)sacn\op fkgm
bejgs-}‘c‘r‘ Je."' QS!‘.S’!‘« -"’jS"‘e""C'I‘ (va, cfe.-)- drer strome
Leow den), D¢ gudvres det Qars)v_s*js}fwa'}ﬁ N
5‘35)16” @vu\nb'ou CJ&L Hfmslw.r -@p&v\ JZ %,'l[ 'S> ]

SVG(’f

20008 e e
& () =V 7o

) A R + |
X?s) z]\vy) zovey Y6) = 11_ V(s)

L x(s) ~ L K |
V() = 79997 X(s) » 7 Kb)
'T_,.————«Nyy. R oven dliv ;l//(zc:ow-r-zoooo) & 49797 &

! f 1 ¢
= B (5) & vt 7 i~ v | )
2 , dm.";'::q o a& 55.};«"’ 2 -)—chr ncjan .y‘lv]om Q“S
%}“ ?:Le;l(ta—am = HCS)'“"%"lé"q
Laxdew: ULid luxslmc/&o,)?lfm echells H(s)-'l-l‘(s)-u?(Z)L
Cwo'bv«ws av WG -—-\«l({)kh,&))ena'e&} oi: ?k/
eﬂergs"guée_ systewet ute belester syystevte

yvuan ¥

‘/(Mq. ?P

12
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4.5-2. The transfer function of the two paths are ¢*’ and ae~*T+7). The two paths are in
parallel. Hence the transfer function of this communication channel is

H(s) = e T 4 ge 5T+

e—sT(l + ae—sr)

For distortionless transmission, it is adequate to undo only the term (1 + ae™*7) in

H(s) because e~*T represents pure delay. Clearly, we need an equalizer with transfer
function 7

N .
— = Y($> - 5 =-$(~(S -Q: és? lrd(s>
#e? ()= Zr @™ Tgl DI XOAE T

Comparing this form with the transfer function of the feedback system in Eq. (4.59)
or Figure 4.18d, it is immediately obvious that such an equalizer can be realized by

the following system A~
o - @)
X 3 4

—-

a-Ge551L P\

When this equalizer is placed in cascade with the communication channel, the effective
transfer function is given by

e-—sT 1 + ae=5T a
HC(S) = 1 :_ ae—sT ) =e -

The effective system represents a pure delay of T seconds, which makes it distortionless.
Moreover, the equalizer is realizable.

13
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4.5-3. (a) The system transfer function is

L 1
H(S)= 8_12 =
1+s——T s+1

The system is BIBO stable.

X .
5?-1-25 — K = i -_ - t -
D e =T = gy P is T
7+ S22 258

Jusignel —u¥s tikal—

Y SR Yyelpol ¢ s=~1¢ 3
[ -— = - "> Dv >
=] = H(G) &2 (b2 I'Pv.hc?vplcu) ST

L R==3 > Poler £5=1 Lsz-3, dvs.enpol i WegerWaluplen

o te - u','s la nel ~ 1§ *’Qt’l . . -
> & 5'5" - 1 SJ dvs. ¢+ V. h t’vP‘cn =P t“s 'f"‘bd}s’vf"‘lvﬁ):}'_&
s =" ’ ) v

. 9"‘-"1'34“’»;’.‘- 535)"”0'!'_5&
=0 for alla x(4) .’

REVER B Poler ¢

(o)
R0 = H) = Treaad |
" nive Lens-slfzg = YY) =9 'jdr}

. Ser u‘)‘ 4# yass

14
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4.7-1

a)

b)

d)

4.8-1.

C

s+,

Allmént: Systemet med systemfunktion G(s) = aterkopplas med ett system som har

systemfunktion H (S) , se Fig. 4.18d) 1 boken. Kausalt system antas, vilket innebér att

konvergensomrédet for G(s) ar Re{s} >—-,, dvs. det omsluter imagindra axeln.

a)C

Frekvensfunktionen existerar darfor och ar G( jw) =— , vilket innebér att

Jjw +
G(j0)=

c

1

V2

C

JjO+o,

C

Jo, tw,

=1 (= amplitudkaraktiristikens maxvérde) och’G( Jjo, )‘ =

= %’G( joo)|mX , dvs. motsvarande 3 dB under maxvéardet (20 1Olog% = —3] .

Foljaktligen &r 3 dB-grénsvinkelfrekvensen @, .

wC
Det aterkopplade systemets systemfunktion ér H,,(s) o) Al 2
S = = = .
et aterkopplade systemets systemfunktion ar 1+G(S)H(S) P 1100
I+—<—-9 ¢
S+o,
P& motsvarande sétt som i a) erhéller vi H, t( jO): ——<—{=0.1 och
© JjO+10w,

wc
J10w,+10m,

\Hmt (j100,)

1 1 .
= ﬁ 0.1= $| H, ( ja))‘ i’ dvs. det aterkopplade systemets

3 dB-grinsvinkelfrekvens dr 10w, .

(Notera att det i dterkopplingen i bokens figur P4.7-1c) skall sta "—0.9” och inte "0.9.)
a)c
s+,
wc

s+,

()

4

Det nya aterkopplade systemet har systemfunktion H, (s)=

1+

(~0.9) Cs+0.1w

a)C

w
o S BRI
jO+0.1,

vilket ger Htot(jO) = 000 +010 | = \/E

=10 och |, (j0.10,)

3 dB-grinsvinkelfrekvens ér 0.1o, .
Produkten mellan forstarkningen H (0) och bandbredden @, (the gain-bandwidth product) ar

konstant (=1-@, =0.1-10w,=10-0.1e, ) i alla tre fallen ovan.

(Anm: den ndmnda produkten dr ett matt pa en forstirkares formdga att forstirka vid olika
frekvenser och ingdr inte som ett sdrskilt moment i kursen!)

H(jw) Jjw + 2 _ Jw+ 2
(jw)? +5jw+4 ~ (4 —w?) + jbw
: ' 2+4 \/ w?+4
H(jw = d =
A (Gw)l \/(4 —w?)? + (5w)? wt+17w2 + 16
. —1,W -1, O
LH(jw) = tan 1(5) — tan 1(4 _wwz) (in’ om realdelen 4 - m?

15
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Kommentar till 4.8-1: Antag att systemet dr kausalt (vilket allmént kan antas, om inget annat framgér eller
motsdger detta). Da &r systemet stabilt (ty alla polerna i vinster halvplan), dvs. imagindra axeln ingér i

systemfunktionens konvergensomrade, vilket innebér att frekvensfunktionen A ( ja)) existerar.

Da kan vi berdkna utsignalen enligt nedan!
a) x(t) = 5cos(2t + 300) = 5c0s(2t + %j = o =2rad/s.

2
‘H(]z)‘z\/ 2 +4+16=\/%:%’ argH(jZ):arctan(%j—arCtan(W)Z%—%2—%rad,

2% +17-22
Alternativ (enklare! :) erhélls amplitudskalningen och fasforskjutningen direkt fran

| T T

7
J2+2 _ 1+ _ \/5.614 _Q.ef({z] :‘H(].z)"ejargH(j2)
4—22)+j5-2 Iz s .

H (j 2) - (
5.02
Det stabila LTI-systemet genererar dirfor den stationdra utsignalen

y(t): 5‘H(j2)‘cos(2t+%+argH(j2)j= Sgcos[2t+%—%l = \/Ecos(Zt—%]

b) x(t)lesin(21+45°):105in(2t+%} =  =2rad/s igen!

= y(r)=10|H(;2) sin(2t+%+argH(j2)J= logsin(2t+%—%j = 24/25sin(2¢)

c) x(t):IOCOS(3I+40°)=lOcos(2t+2§J = o =3rad/s.

N 342 B 24 /3 ) 22 + 32 ‘ejarctan% B /13 j(arctan%—amtan_il—ﬂ']
H(']3) - 2 . - 5(—1 i3 - 3 = e
(4—3 )+]5-3 (— +J ) 5 ( 1)2 32 j(arctan_—l—nj 5410
p— . e

~0.23-¢77° =| H( j3) -/ )

= y(t)= 10-0.23005(2t+%—0.91)z 2.3c0s(2¢-0.21)

4.8-2
——j-‘fl}—'_" =
B = o ed)® > Lyt
] et e . =a(‘cem'§"-2'af“""i
ol = S )
(@ x(1)=10u(1)=10"u(t) = »(1)=,(1)=10H(0)"u(t) =103 u(t)=u(s)

( (a) & (b): Den motsvarande homogena utsignalskomponenten

Yy (t) = "steady-state response" = den stationidra utsignalskomponenten

16
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(b) z(t) = cos(2t + 60°) u(t). Here w = 2
V13

|H(j2)| = ~~ and £H(j2) = 33.69° - 90° = —56.31°

Forfattaren anger oftast fasen i1 grader i stéllet for radianer. Anvénd radianer!

Therefore
V13 o 1
»(t)= y¢(l‘) =3 cos(2¢ + 60° — 56.31°)u(t) = \/T__ﬁ cos(2t + 3.69°)u(t)
(c) z(t) = sin(3t — 45°)u(t) Here w = 3 and
. V18
[H(j3)| = 73~ and LH(j3) = 45° — 112.62° = —67.62°
Therefore

y(6)=y,(t) = ‘i—zf sin(3t — 45° — 67.62°)u(t) = ‘%8 sin(3¢ — 112.62°)u(t)
(d) z(t) = e’%u(t)

y(t)=3,(t) = H(j3)e?% = [H(j3)|ej[3t+lH(j3)]u(t) = gea‘{%-ﬁ’/-ﬁ?]u(t)

4.8-4. (a) From the graph, the two system zeros are at s = +71.5. Thus, s + bys + by =
(.;-}-_71.5)(3 —J1.5) = §%+2.25. The two system poles are at s = —1 +30.5. Thus,
s°+ais+ag=(s+1+705)(s+1- 70.5) = 52 4+ 25+ 1.25. At DC, the system

function is H(j0) = —1 = k% = k228 = k2. Therefore,

5 5
k== p = =2 g = =2
g,bl 0, b, 4’a1—_2’ anda2—4.

(b) The DC gain is given as H (0) = —1. Thus, the input of 4 just becomes —4.
To compute the output to cos(t/2 + 7/3), H(30.5) is required. Graphically,

= |k D@ _ 10
|H(50.5)| = 'k'(l)(\/g) = 5v3 and LH(J0.5) =7 — /2 + /2 — (04 7/4) = 3r/4.
Thus, the output to cos(t/2 + /3 is just 91% cos(t/2 4+ 7/3 + 3w /4). Thus, the

output to z(t) =4 + cos(t/2 +m/3) is

y(t) = -4 + 10 cos(t/2 + 13m/12) ~ —4 + 0.7857 cos(t/2 + 3.4034).
OBS: 92

e [ forsta raden i (b)-uppgiftslosningen ovan star det S(j0). Det skall naturligtvis std H(j0).

Kommentarer fortsdtter pd ndsta sida!
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4.10-1

I

I I6sningstexten har forfattaren anvént sig av polvektorer och d S
nollstiille-vektorer for att berdkna ‘H ( j0.5)‘ och arg H ( j0.5) —se - :'ZI
figuren till hoger: Rita, i pol-nollstillediagrammet, vektorer frén alla
poler och nollstéllen till .
s =j0.5.  —— )8

/ Re

f? Ve >
T
x&’ !
s

%ij IS

Pol-nollstéllediagrammet med inritade nollstidllevektorer och polvektorer for @ = 3 rad/s visas i
figuren till vénster nedan. Eftersom ldngderna for varje par av speglade nollstéllen/poler ar lika, s
kommer amplitudkaraktéristiken att bli lika med nivakonstanten for alla vinkelfrekvenser, dvs.

‘H ( jo )‘ =1. Detta dr séledes ett allpassfilter.

Faskaraktéristiken: Vid @ =0 géiller & =—y (dvs. summan av polvinklarna blir 0) och

@ =2n— [, vilket innebdr att argH(jO) = ﬁ+(p—(j/+(x) = ﬁ+(27r—ﬁ)—(7/—7/): 27 rad.
(Notera att « r negativ i figuren nedan!)

Nér @ — o s& kommer alla nollstélle- och polvektorer att vara riktade rakt upp, vilket innebér att

oa=y=@p=f= % rad. Vi far alltsd (med M = antal nollstdllen och N = antal poler) det allménna

sambandet al)iir:oargH(ja)) = arg(nivé’lkonst.)+ %(M— N) = O+§(2— 2) =0.

Faskaraktéristiken éndras kraftigast runt @ =7 rad/s, pa grund av att bdde polen i s =—1 + ;7 och
nollstéllet i s = 1 + ;7 har tydligast inverkan pa fasen dir (vinklarna fér motsvarande pol-
respektive nollstéllevektor &dndras relativt snabbt nir man lings w-axeln “’passerar”
polen/nollstillet.

18
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4.10-2. (a) If r and d are the distances of the zero and pole, respectively from jw, then the
amplitude response |H (jw)| is the ratio r/d corresponding to jw. This ratio is
0.5 for w = 0. Therefore, the dc gain is 0.5. Also the ratio r/d = 1 for w = co.
Thus, the gain is unity at w = oco. Also the angles of the line segments connecting
the zero and pole to the point jw are both zero for w = 0, and are both 7/2 for
w = 0. Therefore ZH(jw) = 0 at w = 0 and w = co. In between the angle is
positive as shown in Figure 54.10-2a.

(b) In this case the ratio r/d is 2 for w = 0. Therefore, the dc gain is 2. Also the
ratio r/d = 1 for w = oo. Thus, the gain is unity at w = oco. Also the angles

of the line segments connecting the zero and pole to the point jw are both zero
for w = 0, and are both /2 for w = co. Therefore LH(jw) =0 at w = 0 and
w = oco. In between the angle is negative as shown in Figure S4.10-2b.

4.10-3. The poles are at —a + j10. Moreover zero gain at w = 0 and w = oo requires that
there be a single zero at s = 0. This clearly causes the gain to be zero at w = 0. Also
because there is one excess pole over zero, the gain for large values of w is 1/w, which
approaches 0 as w — co. therefore, the suitable transfer function is ,

H(S) = - i = §
(s+a+710)(s+a—310) ~ s2+ 2as + (100 + a2)

The amplitude response is high in the vicinity of w = 10 provided a is small. Smaller

the a, more pronounced the gain in the vicinity of w = 10. For @ = 0. the gain at
w =10 is oco. ’

Tilliggsuppgiftens losning: se nésta sida!
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Tillaggseppgcts
5 3 J'a O —————— = ro—
[ﬂ(hb)[ i [-/szj 20a f/ODfazl - {a‘erOa[ Va¥ #yooa?
2 ~ =A% & Olg
= al +qooq?%-100 =0 => %= _zoo(_-_f-) [/éoo +100 A G2S >%s=-

Ca/-}cmn':f\/ll cr\\:”s Sawwre uh[em)g Lrin Polllwo)/é‘tlfﬂe—ve)«-)omrus /i‘\«szl‘
m‘d/{’:r w=/0>

[ne
1T, "
X 1)° ///5) I /ﬁ"(jw){

)0 ,

—
p—

e
1D -
— >
5%
i %
+ —10
X £—J' 1o Freds]

4.10-4. Cynthia is correct. Although the system is all-pass and has |H(yw)| = 1, the phase
response 1s not zero. Thus, the output generally has different phase than the input.

Furthermore, the output can also include transient components that would not be
present in the original input.

4.10-5. Both Amy and Jeff are correct. By definition, a zero is any value s that forces H(s) = 0

and a pole is any value s that forces H(s) = oo. Thus, the system H(s) = s = -&¢
has both a zero at s = 0 and a pole at s = co. Remember, a rational system function
always has the same number of poles and zeros; if H(s) = s has an obvious zero at
s = 0 there must be a matching pole somewhere, even if it is not finite. By similar
argument, the system H(s) = :19- has a pole at s = 0 and a zero at s = co.

4.10-7. At high frequencies, the highest powers of s dominate both the numerator and de-
nominator of H(s). That is, lims_,0o H(S) = lims—eo 903—%1‘1 Thus, the log magnitude
response at high frequencies is given by lim, oo log |H (yw)| = log(bg) + M log(w) —
N log(w). The fastest attenuation as a function of frequency requires M to be as
small as possible. Thus, for a given N, the attenuation rate of an all-pole lowpass

filter (M = 0) is faster than the attenuation rate of any filter with a finite number of
zeros (M # 0).
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4.10-8. No, it is not possible for such a system to function as a lowpass filter. For any choice
of ([k,b1, bz, a1,az] € R), the system function H(s) = kg%ﬁ{—%% is proper. Thus, the
system function always has high-frequency gain of k. For k£ # 0, the system cannot be
lowpass. Furthermore, for k = 0 the system becomes a useless “nopass filter” (again,
not lowpass).

4.10-9. Nick is more correct than his professor. A cascade of two identical filters, each with
system response H(jw), gives a total response of H?(jw). Since realizable filters, such
as Butterworth filters, are not ideal, the cascade system will tend to have a faster
transition band and greater stopband attenuation. In a sense, the resulting fourth-
order system really does provide “twice the filtering” of the original second-order
system.

Unfortunately, there are also problems with Nick’s approach. Simply cascading a
designed lowpass filter twice has negative consequences. For example, the cutoff fre-
quency shifts to a lower frequency than desired. As the cascaded RC example in

MATLAB Session 4 suggests, a cascade of low-
signed, equivalent-order filter. In general, a
better than a cascade of two second- :

order filters is inferior to a carefully de-

fourth-order Butterworth filt
er f
order Butterworth filters. perionms

4.10-12. (a) Yes, it is possible for the system to out

t = Qi .
to z(t) = cos(1007rt)u(t). Noting Y (s) put y(t) sm(1007rt)u(t) in response

— __100
s§+Z10157r)2 and X(s) = s§+Z18001r)§’

one way to obtain y(t) from z(t) is using the system H(s) = Y(s)/X(s) =
100m __ s2+(100m)* _ 100w

s2+4(100m)2 s = T3
(b) Yes, it is possible for the system to output y(¢) = sin(1007t)u(t) in response
to z(t) = sin(507t)u(t). Noting Y(s) = #%)5%55 and X(s) = < +5(05767r)2’

one way to obtain y(t) from z(t) is using the system H(s) = Y(s)/X(s) =
100m___ s2+(50m)? _ Q.M
S2T+(100m?2  sox s>+ (1007)°

(c) Yes, it is possible for the system to output y(t) = sin(100wt) in response to
z(t) = cos(100nt). To do this, the system must have H(51007) = e~9™/2. That
is, the magnitude response at w = 1007 must be unity, and the phase response
at w = 100 must be —m/2.

(d) No, it is not possible for the system to output y(t) = sin(1007t) in response to
z(t) = sin(507t). In an LTI system, an everlasting sinusoidal input of frequency
507 cannot produce a different frequency output.

4115, (a)
g 1
z(t) =e 7, - —_ _
(t) (s) ST 1 oc>—-1
1 1 1 1
And X(s) = - _ -
(s) s+05 s—05 5 <7<3
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1 1 1 1 1
: =H = - - = =
hence Y (s) (s)X(s) poreg] [s+0.5 . 0'5] 5 <0<3
2, 2 % 3
Y = 315705 541 s-os
_ =8 2 3 1<l
T s+1 s+05 s—05 2 2

The poles —1 and —0.5, which are to the left of the strip of convergence, yield the

causal signal, and the pole 0.5, which is to the right of the strip of convergence,
yields the anticausal signal. Hence

y(t) = (—-;-e't + 2e"t/2) u(t) + get/zu(—t)

(b)
z(t) = etu(t) + e*u(-t)
X(s) = 311—3-1—2 l1<o<?2
-1
(s —1)(s—2)
1
And H(s)=s_+_1 o>-1
Hence: Y(s)=H(s)X(s) = o 1)(3_:-11)(3 - 1<o<2
Y(s) = ;_11_/(13 +’v_31~/_21 - 31132 l<o<?2
Hence  y(t) = <——%e’t + %et) u(t) + %eztu(—t)

()

z(t) = e~ ?u(t) + et *u(—t)

1 1 -1 1
= - = —-<o< —
X = 305 5702 ~ (5+05)(s +025) 2757,
1

Also H(s)-—s+1 o> -1
-1 1 1
Hence: Y (s) =H(s)X(s) = Grnpros)erom) —3<0< 7y
—2 4 1
=54 T .9+20.5 T 540.25 —3<0 <7

and

y(t) = <—§e"t + 26—%> u(t) + %e'ﬁu(—t)
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(d)

o(t) = e®u(t) + efu(~t) = o, (¢) + za(t)

1
Xi(s) = s o>2
-1
Xa(s) = pym| o<1
and H(s) = ! o>-1
T os+1

In this case, there is no region of convergence that is common to X; (s) and X5(s).
However, each of X;(s) and X3(s) have a region of convergence that is common
to H(s). Hence the output can be computed by finding the system response to
z1(t) and z2(t) separately, and then adding these two components. This means
we need not worry about the common region of convergence for X 1(s) and Xs(s).

Thus:
Y (s) = Yi(s) + Ya(s) where
1
Yi(s) = X1(s)H(s) = ) oc>2
S
- s+1+s—2 7>2

Observe that both the poles (—1 and 2) are to the left of the region of convergence,
hence both terms are causal, and:

y(t) = (-le‘t + le”) u(t)

3 3
-1
Yo(s) = Xa(s)H(s) = GFDG=D -l<o<1
1 1
- _2 _ _3 _
= S+l 51 l1<o<1

The poles —1 and 1 are to the left and the right, respectively, of the strip of
convergence. Hence the first term yields causal signal and the second yields
anticausal signal. Hence

y2(t) = %e"tu(t) + %etu(~—t)

Therefore y(t) = y1(t) + y2(t) = (é—e"t + %e%) u(t) + -;-etu(——t)

z(t) = e”Tu(t) + e~ fu(~t) = z1(t) + z2(2)

X(S) = Xl(S) + Xg(S)
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1 1
where  Xi(s) = ST 095 o>-7
-1
X)) = o5 <72
1
H(s) = poeg] o>-1

Here also, we have no common region of convergence, for Xi(s) and X5(s) as in
part d. Let Y (s) = Yi(s) + Ya(s) where:

1

Yi(s) (s +1)(s + 0.25) 7277
-3 3 1
s+l 51025 7>

v (8) =‘<—%e"t + i;-e-%) u(t)

-1 1

Yals) = (s +1)(s +0.5) _1<U<_§
= 2 - 2 —-1<0‘<—}'
s+1 s+0.5 2

and  yo(t) = 2 tu(t) + 2¢~ Tu(—t)

Hence y(t) = y1(t) +y2(t) = (%e"t + %e"%) u(t) + 2¢~ Tu(—t)

(f)
z(t) = e~ 3tu(t) + e~ %u(—t) = z1(t) + z2(t)

X (s) = X1(s) + Xa(s)

1

where Xi(s) = o) o> -3
-1

Xz(s) = 512 o< —2
1

H(s) = P o>-1

In this case, there is a common region of convergence for Xi(s) and H(s), but
there is no region of convergence common to X2(s) and H(s). Hence the output
y1(t) will be finite but yo(t) will be oco.
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