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X EMUEZT O OO0 -1 2 00000000

(c) Repeat (a) for the signal z.[n] of Figure 3(c).

(d) Repeat (a) for the signal a4[n] of Figure 3(d).

4r X [n]

3- c

2

v |

Oe

. | ] ! NI R A
ok

-6 -5-4-3-2-1 01 2 3 4 5 6 71

(©)

Vi) :Cc[ﬂ:\(éljﬂ”] +§Cn-13)= 9T = 2 LD SCneid+ ¢ Ll SCn-13=2C 12 STn+d = 273 STn-1]
= -2 §Cn+ -2&800-1- -2( STn+10+ Sn-1])



2.11%% Consider the signals shown in Figure 3.

(a) Write an expression for x,[n]. The expression will involve the sum of
discrete impulse functions.

(b) Write an expression for a[n].

(c) Write an expression for z.[n].

No=-3 mio N,=2
J
Aalnd={.,0,0,32,1,0,12.30,0, . }-
2-Sn+31:28 [n+23+1S0n] + O+ 1- SCn-11+280n-22+380n-3 )

(d) Write an expression for z4[n).

1.11" Express the following in terms of x(t) : ;f#(*s) Stt-to de= f(tJ , ‘p(t) Contnuos Gt t=t,

y(t) = %/j; .T(T)((S(T —2)+0(t+ 2))(17 .

4Ce)=2 SDC(’C)c?(T 2)+ x(T)S2)IST- 2L Sw [ ) (T2)dT -
I+ x2)) D) )
112 ) : ) . . I[1 S N I(t)cg(t):DC(O)(g(Q)

(a) Prove the time-scaling relation from Table 2.3 in PPR. (Hint: use a R
change of variables): Cle

S(at)dt = 1)dt ® f\—/\\/—\ e ¢
JLsn=g [ Teos TR B)dt = [ vior&ioyae-
e Lo dwde

(b) Prove the following relation from Table 2.3 in PPR: g Tot-

wt=to) = [ dtr—tyir. ,?QCOS<2.(%E"'E>)‘CS< )c]t = Qos(o) SE-E)de= 1

aluate the following integrals:

B BEEED 1o
@ x L= = e:%
@ 1 sin(e1) S @ e-)dt = [, sin(z-1) S (2+wyde= Sin(1) § S(astde- desde |-
At-U=0=>2=t N )
Y SinC
sn(n LS = T LS du = 2T
-
1.14'* Determine whether each system is !
(i)  memoryless (iv) stable
(ii)  invertible (v) time invariant
(iii) causal (vi) linear
The systems are described as _
@ Y1) = cos (a(t — 1) u(t):7-’i'(t>+6
(b) y(t) =3z(3t+3) (f) y(t):];x (57)dr
(¢) y(t) =In(x(t)) (&) y(t) = [ a(r)erdr
(d) y(t) = e () () = [ a(r)dr
Menory Zess VD) depends or%jé on  input X O
';‘)(_t)
Invetble j(t) Ao (t)+6 => ;,L(E)= v’
Cavsal v A) defpends only Post (md/or curent  INpUE
Stable” Def M N < 2Dl SMLI9WI SN Ve = RIBO |2t [SM= [9®IKZ2-M <00
Tine naicnt: 3o, , - i)(t)'x(bta) NIES) [Hj Fx(tt,) 6 46 Ix&_tg)‘ Falt-to)r6

Linear Additivesy
U (£) 126 (1) = 1 () + Dz (t)
@%M Test G (£) + O () => &431&)*&232&)
A o) = a9

Addivvety test

U, (4) 39, ()= Zocq ()t 6 77z (1) 6= 2, (t)*xz(t))ﬂz

Should be the some a5 Eﬁ(*c)] . = 7(11(4&0(2&))% ><

X ()= 20 (£)+2Cq (1)



4.2%2 Show that, for any function g[n], Convolotion Ite)= xce) < h(t)- T xcohtenit
L:) [nd= é:» X CkAh Cn-Kk]

gln] x d[n] = gln] .

9rnJ » Snd=94Cm)

YLNJ= o0 * = &.90980vI= 9Lk, = 90n)
=1 i# n=k (DED



Rep Fouriertrunsdermer

[TI-Systenn . o
GCE)-(hea)(0) = & he-t)xryd

Systemet ar stabilt © _i‘h(T)ldT<OO
Kowsalitee © h(t)=0 Lor alle tco

fourre/fron formen w -
Om Lix(oldT <o definens X0w)= | xcoe’ " dT

, (O veelle
>< o wtd en kontinuediy ﬁunkt\m O x_ Gr kontinuertiy pestams entydige av X.
O LIh(o)dT <o oo 9= (heao) (+) 3aller §19¢0)dTee
Och  YGw)= HUW X (1)

Foutierserer
Tar fond om  Signaler Som o Periodiske.
X0, )= € Tr Tpedodtk om X(HT)=x()  for alio t

M 2C or entydige bestmma melfan  O< £<T

| ~
<|3 1" 7. For alie n

o [T

o T T
T-Perodisk o LIxc(T)1dT = 2 S 1d)- éﬂxmm - 0 5 locoldT =

Intearclen oy o Gpdlis om IICT)QT O = x(=0 f&br ‘nNésten oot

\i kan atsé INTE founertrnsformes. T-periodiska Sisvuler

i

Givet en Tperoditk Signal  x, Sa xodTooe si definess for hetal k, dess kite
T, JL«JkT&T
2Tk

fourierkoetficient: Cil=au)- . J x(vye T dTEd J I(T) e

NO\A

Owm o éar konsnuerl bestams entydige av .., (s, Oery (o, Ca, . o

o €
Om ¢ @r tvé 99¢ deriverbar kan i chfskaqm X ien Pkt £ ()= Lo =7 e @
\Oof adlo t

Hor bildos v Peri odn‘ska Sanaler”
(-, 00— C lx(t)ldl“ <o9
Dedniers. x(8)= & X(£-1T) = Ferodicenng au
o Ouidkanlig
Obs!  X(t+7)= 2 2 (trr- nT)= % ﬂt—(n%ﬂ: %iu T = ()

)T 21Tk
—jWk(ErnT) Jl«)kr\'\' J
-e

T (t-nT)e de= 2% SDC(t) dt

y

ni »]3:



LTI-Svystem 3Ct):(h*DC>(t)) CGIEGY gt LN dT <o <= (Stobit)

Om x besrénsad TPer Sl ar duen 9 begransed (swbilitet) och  T-periodisk  ( tidsinvar ans)
arck

Det gl sven a GO =HGUICIE) (L= =
uFlnalogt med Y=H X

Ex ()= cos@e)+>5in(E)

Destam Lurierkoetf - Rerioden? T2 (cos(26) ar TC, Sin(t) ar 277)

ALet . e, - e e e e e

Qk(DC):T‘ j(cQs(H) +55m<t)>e dt=m [ cosawe ' dt 12 j SN e  de o f € e T
%/—J

e -Ljt
cos@2)=% (e te )

Wi- 2=
ALEL ‘ ‘ -
- - -2 -3t it 2t JLopE
)= E (™) () = F M e B re é«&@qe -
3Je -2j¢ 2it 3yt N Fourier koeff!
(e (e )+ Ca(xde v 2 (Cal)=1 G- 8
Ca(x)=a5 Cato)= 2

LCk(x): O k#-2-11,2

1 o<t <

-1 1 < E<
I
1 15_ —jwke 4 f -kt w2 e 7 2 ot okt L okt
(D=7 xe dt=7 ,X0e dt= Dfxct)e de+,) xee dt=Je de+ )¢

_eimke T

»é.nv:kr 173
]:ZTer]hQ 21tik e
Tk

CE(DQZ EZI éﬁk‘(‘ﬁ)‘h%k(**ﬁ_m) =z%k(1‘ém) - L%k = {e_mk: (‘T)L\}: 1}&3 = [w% kez
I%)

Colxc)=Sxydi= 320
N Se9s i ﬁvoﬁeﬂ



ke

LT = System (€)= (hex)(H)

Seabilt & Llnoldecon
Kausalt @ h)=0 <O

Om Lixcodeco definene v XGiw)» L xe ™| W rea

Frekvenssve.r

Hovudsamband - 7(iW)= HGWIX (W)

Om _x T perodisk (xC++T)=2c() fr MO t) - T Il
S6 &r Y TPerodisk och (i (9)=Hlww) Culx) oy e ZE och Gu-T  xwe de
_Medofenera @
Medeoperss B¢ = E ()= LIx@idt om x < G Deriodisk
Medelencry for en Tperiodnk  Siemd = Er )= 7 {Ixco)lde
P|o\n(_hefje(§‘ focmel
E )= ar LIxGeuldw OC  ej Pedoddk
Rurseuwa| s Formed
Er )= ghle, ol
Ex 1015-O4-1y
Givets Séhe
LT1-System ()= (120 (t) a) Ac Y 21T Perodis
HGW)= {37 o b) Bestam (i ()
- O Bestém Fr(x)
Lét (o= € d) Begtem Y

Lanind
)
Systemee ar tidsnuariont = Om X (£)= 2(t-) = (h<X)(6)= 9, )

2T

Tog te=T, d& adller ot 2, (£)= () = Do ()= D(£21)= h* X, (+)= h=DC(£)=I(t) hr ol £

T=2TT eftesom e’ Gr - Penod sk .

jk(t-2r0) k $kzTC k
’ - e e

b)
o k

(1) Gr 2T-perodisk = X= Z ¢, ()€ -

jCkCDQZfE ko (Tia @2 ursprurg£isc, Snalen)

ICK(DC>:OJ k <O Dex finns in9a Negabva kL Are: (== ulk)



0

Er (3 B (59)= 3 [ 12000 e~ Parsesais= ElCkE)] -

<)
kﬂ; \O*DC \/1'

Ce (9= H( ) Ce(x)= Hk) (=)

1 k=0 O
go ro Ck(j){co@c):w

Ex 20i5-04-1u, uPP2

Cuvet 7 sae
LT1- System  J(£)=TC |L~m T gf[(t)‘i
For ex tod ®>0, Sl Au(t)=e

ORS!
H (k)=

Vet it B o AT Ped odisk

1 140
msk —:
k ° 2" | = I< © _Ik [atéju‘;’nﬂma' ] -3

con - bestams entydigt au Ci
k- heited
Oom E#O % I ke

=>9(8)- Z.Ce =T froale s
Om k=0

Slts

&) Viso 9epom Qtt Gruanda att
ult)= e u(t)+€ ‘Wt) axt Fouriertmnsiymen
>< (JbJ)‘ ouw
) Om Y tr utsignad Qor X(=2w, bestim Yk
Q) Beseém alla x>0 sa fl\/mu)lolw Y
) Defliiet Zult) = g Xaltrn)= 2, € "
Bescam [ C1(2L)]

€) Bestem 030 sa. (4(z)= &

Losning
O\\ —ot ot ]L el scxmZim Y
Xl e ult)re Ult) —
},\:\gf) LI \/‘ bfyf/,[,ue,( hiet o W(Jw)g U, (Foufiutrc\r\chovm av e_mtu(f»
X (o) = W) r WEiw)
Xe G S0 - [R5 T
b)

- A
iﬁ(%)—(hf'x)&) ; e e e w0
h(e)s 720 ““):Lo s LI>1
Ve (iw)= Hiw) X (iw)

Q) J Vet [ duo = j 2 dw= [g s s tml(x)}__éj = 2tar'(2).

2
d) Z. F Pedodiseringen GV Wa Ci(z)=1 T X« (Ju.%\ X (1270 )= wririe

T=1

5) Ca(z)= Fm W =

Ex LPP 14
V()= (h* () dar

W (- e Wle1)
L o509
n

%1 (€)= ﬁr b\(]» H:l)

T inolde={hw=0, 1xm1= {Wﬂéf < T1de=2 < o0
S lhe (O)]d &= {1”(#) O, ltk"z‘ m’l[tl A‘t1 3 1|e|d't 2 T? t*ZLﬁV](T*t)31 ,Ul(o"> /ZY\ 'l>g + R EJ

Dehsver won Lara Si9
mk B ) |
k= 77 k&nna 19en

20(= o+ UTE = o= 4T => X =2TC >O

Sslke
Stabila !

S‘thJ
Yabilt



—_— F Jwe
Xw)-Lxewe ™ de | W et

S = uw , o0 e X(iw)= Ew 6> 206 Lz e~ Xw)= -1 Z'(w)

2) D)= (hrx)(r) e~ Yw)=HuwX Gw) 7) xe)= 2E X(JL‘J>:{1 A1

- o lwi>
3) ()= Z(tt,) e~ XGw=e = Z (w) . N
= > (“*’): X*
H X®) =260 e Xluw)=Z (1) 8) Z(©= xmY > Z (X V)G

5) 2=t 2(t) e Xlw)= j‘w(Z(Mﬁ

Eax x(6)= QStU\(/]w(;) . bestawm X
X(E) = Z(-4),

-5(t+1-1) —5(k+)

U(tn) e ¢

) X (Jw)= Z(-a0) -’ e wm
5) Z(JL’J)&-’:”@E e:w@ L,J(JL»J) ,1 Z(Ju)) e e

5. e
1) WGw)= =i J XQW)= € 550

5+)W

-Gt 5 -
Z(t)=e U = e Ulte) = € W(EH1) , dér Lo(t)=e TU(+)

;o
ev kle

Are ()= U= 7 Ul € Zlen) | dor  Z(0)=T U - WY
dar W)= e uw

D) Xw- e e™zud | Zow- T

) Z(3u0)=LI(-3w) 5 e

2 LJ(JLJ)= ﬁJ M&]w

o

Ex xw=fe*wita , Bestém X!
5) P se gl

A= L 7(E), Z(t)- € “L(t-2) 6

T
A(4)= tLo(t), W)=tz = LJ(iw)- Zuw)) =>iI(t>: Fzet) e~ X(w)= -1 Z“(Jw)z

~(£-2+1) -1 ~(6-2) i .
Z(t)zﬁt u(t-2) = ¢ u(t—-Z) dér 5(t>;€tU\(f>
S
54 X(iw)- - Z'w) Zwo) € T0
Pl L 25w
S Zlw e Bl ) g gt (B e )

/I S(JW)J 'I:—TAJ pZ:>=

Ex  Tenta 2015-08-27 | upp
LT-Svstem Yt (o) @) Stablt / Kausalk
ho= (352) o) H )
O X0 Ze € Ut) - Bestem @
d) Viso a om X htn ) Br mS9NalL = Y @Y 1-pedcdisk
Destamn aven Ci(9)

L 3snin9 Jamn fnkeion
&) o . . - -
Staplt e Llnwldece [ 30L Jp S Z]sge | - & fame ), 2 fare |
Vikagt ) T E Lo
:Fd% - {qu 0::1 Di St ]

h ¢ Stalbi|



Kewsalt = hi(t)=0O, t<O | v fall h(-+)=h(e) Jamna Sianaler !kausala

om h(o)=0, t<o= h(t)-0 +0 =>
hw=0 beale t#0

Men S‘QiéiO 106r allon €= O = Systemet leausalt
b) 7 L8 .
[ varr fel Nit)= Z) =2z w) dar 2(¢)- 5’%& => H(JW) ZTE1<ZM<Z)(J )
Z2Gw)= {1

o, lulo

~ 7 LRGL)200) dip = A 12 Gy

'{ZQ(""“)U: {g :tj«%lf; ) ¢ vw} (W) WA = Hiw)

W‘C{Sl
- J= 1-Pexiod Sk .
C> XA (t)= nsz_;\ Z(twﬂ; Zlr)=€e U(t) . L T-penodisk
Mer alimént (e)= 2 Z(t+nT)
Co= T2, we = am (o) F 200, Lo

| ver &l Z0w= 7 1) = (heo= Tm

d) LT1= % Fper, beus

I Wegﬁeﬂde

Gl HOw) G = H () (e )

H(w)=0 om wl>2
21tk 142 ¢=> TTlkl¢1 < k=0

Deste betyder (€)=

,
T, Gla t

H(iw)= 27 (21000 (2 1)

=O Oom 21wl<o &l >2



o= fundamen venty = ZIC = Lfondamental i
?e,c_aﬁ Fourier :kt dovenal Begueney = 5 T forcamensal pericd
() IS 6 reed periodic Signal, then X(t)= k%m € Cu=C=Ch
Ce- = Lxwe™ de :
Ferodic sienal
()= (6T )= (1) | R
To find o SHnals common Pered D)= (£)+ () T= \(ﬂfE =M T
Fe o P
O\rtkg{jongjﬁzﬂ b
) h(t) are O\thaiomaj’ over interval (G ) if j%(ﬂh(ﬂ*‘@
ne ) iut_ —JwE JLAJE‘- -t
S‘mc(u)t) = Lﬁft Sin(wt) = e—f cCos(Lt)= s

S51a

5.1°7 Consider the Fourier series for the periodic functions given.
(i) x(t) = sin(4t) + cos(8t) + 7 + cos(16t)
(i) z(t) = cos*(t)
(iii) (t) = cos(t) + sin(2t) + cos(3t — 7/3)
(iv) x(t) = 2sin’(2t) + cos(4t)
(v)  x(t) = cos(Tt)
i )

a) Find the Fourier coefficients of the exponential form for each signal.

b) Find the Fourier coefficients of the combined trigonometric form for

cach signal. T‘gjfts not defend
. - It 21T _ _ 2T _
U Can be wnitten 68 2t)= 20 (4) + X)) 7Xa(t)rcq (1) = G- FE-F =T X
2 T 2T 1T
L=y =g W=0O U= 16 27 W2~ 9 Ty= Oy 8
C ommon Penod o = MhTa=ma =, Ty My Mz, g €N
my=1=>T= e wWere able to find integers that works => Perodic Sanals
21 _ rod
Ma=2 L= T =4 5
My =Y
> ok 1 Lf):‘ ‘L_; 200t lejlt keo o T4t
° _ W, t =Jlot 1 40 B o 1 o - o _
)= &G =71 (e -e )*Z(e e >*7+1L€ re )—
klol -1z -2z> 34 -L«r
Ce|7 &
llot 4 | Ut —huat) 4 Usk 4 =it 1
k-1 e =) n e e G-

Handledarn bah mjafj vet inte om jag ok 1@t Gterkommer nest veeo

V) 2 (t)=2 5N (2+) rcos (Ht)
COS(26)=1-2 5 (t) = 2sin(¢£)=1-coxzt) = C(t)=1-CoS(ut)*cos(+) =1 = 2, Ckém
‘por l’\:O - Co:1
all other ki Ck=0



whether the following functions can be represented by a
eries

(i) a(t) = cos(3t) + sin(5t)

i) x(f) = cos(6t) + sin(8t) +

ii) (t) = cos(t) + sin(wt)

iv)  a3(t) = a1 (t) + x2(t) where

21(t) = sin (%) and x5(t) = sin (3)

(b) For those signals in part (a) that can be represented by a Fourier series,
find the coefficients of all harmonics, expressed in exponential form.

(€)= cos(6o)+Sin(st)r e

ls the Signad ?emodi@7

Signal | cos(66) | sintet) | € T, E= .= Femsr=TC Feriodic signaf
—]:(eq Lh=6 L= & 2 1 2 Ly L
Feriod [T- 5 ™ T2

cld

Gick i Pausen



Fomjefjp[egcm;aijbg
/ff e

former  C(+)=2¢(t+T)

Te)= (ot = Ok COS(K Lpt)+by SN(klb)
L(t)= Aot 2 A cos(kst + O)

A)- &2l €
X (t)= & Ce o= FE

lcke -Penodizka C(+)

[oN}

A= 2w ) XGw) e duw

-0

<ontinveddide LTESIStem

A(t)

2C(+)
h(€)

Utsianal

Jklst

INte sckes !

f -1kt
Ci= 3 XH)e

)

Y (5) = ) X (i) =2 HOD CS (k)

-Jwt

Xuw)= »Z xa)e T dt

Foutiertransformec
Y(t)= hit)xx(t) =

Sianalens medefvarde Go= As=Co

(TFS-Egenskaper
() ek A(L)e—>dy

L (R)+9¢) < Ckrdk
A (t) +BYCt) & ACk +Bdi
20(t) = Ck (fond freku =0l )
X(t-t,) e e P
() e C—K
=X (1)< ks (e
CTFT-Eaenskaper
U)X (W) < Y- V(W)
AEN+9(r) e XGw)+Y (1)
Ax (£)+B9(+) e AX W) + BY (W)
A (ot) > o1 X (32
A4 = X(-Jw)
Aty <5 Uif’“t"X ()

Yiw)= H(w) X iw)

Om nsonalen Y Penoditk teckna som founersene

JkWot

X(f): %m& €

Och darefter dess Bunertremnsdorm

X (300)= 21 EnCiSuk)

H(J kwo) C,|<

?OU(@(S@OG\(D?W il F(t)

Founersenekoethicientem

Fouriersenen blir 3(t)= & CiHluk)et

Vorie  frekvenskomponent i sisnalen (med frekvens kL) Phuerkas au Systemes Med H (k)

HGw) &y

Eocempel
—}

9

Systemers  frekvenssvou

{Lﬂm(%)sx R Uue(e) _y RC 582+ U ) UinCe)

L =C

dUwc

d+t

Founertbonstorm: RC 500 Use Gua)+ Uue (iw) = Uk Givy)

Uut (JUJ><1*QC): Uin Gw
U (1) _ 1
Un (W)~ H(JL»J)'1+MQC

;
Awpltudpdverkan [HOW = Tigerar)™
’—OSb:dﬂlﬂ Gry § HGW) - —qrctcm(w?Q)



‘ ImPuls .
2C(E) * S(t-ta)= fx8(-47) dT= [ o0(e-t)S(t-tm) dT = ac(bto)iS(tjfo»@&”c:x(t—to)

Hultipkkation i tidsdamén ot e s .
° k m 0% SU €
L&t () vam Penodisk med founersene X (t)= f% (ke [wﬁoeune/tmmf-arm] X iw)= 27[%ka S(w- )

9(+) en icke Periodsk Signal ()< (L) (k- kb

Eoenskop ()= I@0)x() > V)= GGX (W)

Yiw)= 3 GUwW) * 2, e S(L-L) - B, Cl GG (Lo-Low)

Sampling

En diskret i90al - Slkapos utifien en \Lontmuef&g Sgnad

20 (+)
/]\ %Dﬂ:oc(nr)J cn diskiet representctton Gy OCCH). Vérden hos X (t)
t Loses ov Vid diskrett tidpunkter tror nez

T
-T o T 2 31 yr 5

Kan vi aterskape X8 wtifrén Q00 °

Modett foc Samplng (2enomabende  kontinuerdiga Sionaler)

A (t)— B — 2 p(t)= X (HP(T)

PCE) P(t)= ZS(+-nT) "Eet IM'PU'S@&%I/ _ T

r T 0 7T

Xp(t)

t

~l/d)TlT:lﬂ"-iT

A () Gr konenueddid | Xp(£)=2X(t)PL) Cr ocksé kontinyerdi9
Vi ver att o) S(¢-1) = 20 (nT) S(e-om) Vi fér 2Cp (£)= 2 X (M Ste-mm)

MultiPikation | tidsdoménen  X()P(t) der faltnmj | {frekvensdoménen
Xo(ow)= 7 X(iL) *PGW) | o) &5 X (gu)
PCE) ES Pw) )
ST
lmpulstéaet PCt) Gr Pencd st med Penoden T 1Derbknadess feuriersene koefl Ck ﬂ Seust
Ce=7 for alla k o o S
Teckna forierserie p(t):% 5,877 och carefrer otvocnde Rurnertransdom Pliw) A oSl

EL&E . - :
| ] ] ] W T [ PO br ocksE et pdlstég fbee Longs  L-axeln
SN

Sl bk 0w 2us 3w Gus e XF(JL\JJ
L&t XGw) ha Klande utseende /Q\ A u A
AN W

XN B lm/b "

For au erhdlle XeGw) folees . N

XGw) med altd impolser | s
N K oM >

Plw) i 7 = vE g Xel)

i ey \ Wn 1
~Ws oW 205
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L) kon Bterdapos fién e () 9 Lgrosshitrenng och Mutaplkation med T

dock Waste Wu= %, (s Somplingsunket freluens ,
T Semplngsintend

L Hégste. frehvensinnehéllet i Sanalen oC(+)



Samplingstecramet
) = X QW= O for [Ll> e

L&t en kontinuetig Sional X+ vafe boandpearéonsad
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Edqenska efﬁkfﬂj v - - i
+ jaly 5 12 en o
& G niNT= e T K W Bk GUREN_ kN g ke Feric 0
21T _ J%ﬂm ~ |

J2TC(LaN 140 12T [
“CPWND]:eV“)”:e“"e”kme“ 1



/ridscliskreto LT|-system
YnJ=(h «x)n]- 2 h[k]x[n K
*Stablt om ® =y hLKD| <00
« Kovsalt om  hIk1=0 k<o

Z'tlonc;bl menN .
X(Z):E«:XEG z* L 220, Ze Infe med Laplace, X ()= lx(t)é“cle sed.
Dyt t-k
o OFEE &)
Edenskaper oversafper for Houn X J QOLC
1 BLM- (=)l e Y(z)= H(z)X(z) Ex  OCII-ulm = X(2)- Sumz £ 7 my T 121
2) Wn]=X[Cn]e— W (Z2)=X(z") Bews W(2)-7 2 Wl z"= 21[”320 % X[]1Z"- ZXDJ(Z} X<Z)

) And=x[n-nde— Y(z)=z ™ X(=z)
H) 9= Ut e Y(z)- T, (Z05x
5) YIn]= " x[0] e Y(z)= X(Z)

Ex Tenta 2015-30-03, PPy 2

Cavee Skt
LT)I-svystem  B0l= (h# ) ) &) Stabilt?
hOrd = 2"uEn) Kavsalt?

b) Beseim Hez)s Roc
Q) Om 2[n=ULM, vad blir 9In]

L ssniny ) ) ;
G)  Stobilt =2 hQ|=5 25 27 e 77 =2 ¢ oo
Causalt < hixl-o fsr k<o, e uppRIt ts hEv = E; kaovsalt

b) henl-wEnd dar wrm-2" U, 1
Egenskap 2= H@-Ww(z") S wW(z)=7-% )l?bv = H(z)- —% JZ21<26%)

Q) Egenskep 1-> Y(z)=H(z)U(z)
Z{UD"]}‘_ U(Z): zzfq (Z1>1
1 _Z z  _ 1
Y(2)= 7= 21, 1<1ZKk2 [—z—q - wé]

Hue htcr v Yo7 PBU!
1 A

20y -9 T = Y- A 2T UET BUL

Ex 3[n]- 2"uls-n] , Vad cr Y (z)7 exenkep 2 e3enskaP Y
Yn]=2"UC5-m- 2"UL(n-5)]= 2" LICn-57 = {LDn= WEnId= 27275 Luln-5]-2° go-s)- (40m-2"wend ]
Egenskap >= V(2)-2°Q(2) 2°
Esenskap 5= Q(z)- W ()
Egenskap 2=>W(z)= U (z
Egenskap 4= U(Z')- =7 , | ZI
Baklanges =
W (z)- -z, lzI
Q(#)= 77 171 = [2]<2
Y(z)=2°Z° 7% 1212



Ex 11

Cﬂ/vf’jﬁ Ohl(b

Kauselt LTI-Svstem Q) Fion hn]

YLnJ=x[J+9ln-13 b) > vJ- (%) ura = DIn]7?
C) 6t&b1|t7

o

Losning
G) LTi=>90m-=h*)rm

Y (Z)= H(z) X (=)

Z-eransform av den givna segnalen Y(z)=X(2)+Z" V(z)

V(=) (1~ ') - X (2)

H(z):7-z Roc?

3 h E”jl UL eftecorn Ui inte vee YoC 4
hnJ = U En-1]
Efesom kausalt = UL efrersom UEN-1 #O {8 n<o
n=-2=> W (-2)-1J=ul1]

o) Y(2)= Hz)X@)
Eg L= X(2)= T3z jzs = V(- 7% w1z ROC 12151 4 s

PRU N&)= 795 "7 > 9l A ulnT+ (3 ULNn]

\

() Stcbilt = el hAl=S 1200 = 5| Sigloi |t A

No+te!
Stabla susten hor ROC 2{Z=13 | vere fatt Roc()={1z1>13 2 {1Z1-13



\roX

Z- transform & en genered sekvens (diskrer Sngﬂa[) x[] => X(ZF%I[”]ZM , Z=re

X(2)- X (re=)- 2 xbilre®) = 2 r)e*™ - prer (™)
Komergens om w03

<00, kowergens berer pé I Z[=T

De vérden pé Z v ulke. X(2) kowergerayr kalles konvergensemr@de. (RoC)
Far en kausal S9ndd (IE”TZOJ n<o ) z|5Pko Antas Nu Gt Summen lonversemr v =
ds kon\/efgeﬂ;r den dven for (, ROC & clitsé omrédet wonfsr en cirkel med yadie 1o

SYstemanal3S

h[r] ‘I’Y)PU]SEV&( till @¢ kausede  LTI1-S95tem

S b AT =(h* 2 )]
Wl |——
—1 ] Z V()= H2)X(z)

nsianal Utsanal

o 3-8 = X(=2)-1 lmpulssvar Y(Z)=H @)
XM= Uln]= X (2)=%7 Stesssvar. /(2)- Hiz)==7
Sinuser SNusar Med anran Gmp 60 s

H(z)=Z {ht1} "susStemets éverq%mmﬂsfumkbon/’

far ed kousalt sastem (hIDJ=0,n<®) kan v efter faktonger,nj och PBU erhélia en
Summa QU termer entigt Hk(Z}%ﬁ: W72 Dettn. motswaror  Sionalen b M= (i o UM
For et stabilt systemn maste absclutbeloppet au Impulssvaret vaic GbsolutSummer bort

0 n _ S S
M ngo]dk, <O iket kréver cutt 1d|<|<7 Jam%r Summe for en 36;@ma;ﬁ51< Serie TROL" -G, |Gl

Diskrege. LTI-sgstem kon peskrives med  differensekvatoner
Dnd+ fé&K YEokd = B by ocIn-k3

Z-transformerc.  Genom Gt anuinda esenskaper 50 Linjaritet och trisskife

Y@ &gl z) - &bz X(=)

Y(Z) 1+ EOE )= X(2) 2 b 2

Y(z)_ Z b z™"

X(2) 1+80.2"

Men Y(2)=H(z)X(z) dér H(2) ar S9stemers 6\/6ﬁ%mm3510un|<tnon Detto. ar en vonhj form (2

Z-transformen 1 véro naenyGrs tllampninaar en kvot meton Polynom @ 27 (eller 1 Z) En

fatonel funktion

H(z)- botbi 2 e Z + o Z
/I+Q1ZHT*C\;‘24+ *G\sz

H(z)=h, (W’GZ")_(?»Q z'). U’an_—') Cl Noflstalle till Hc= aka Totter +ill téfarpolynomer
(- z)0-dpz?) (1-dyz" di. Poler tll Hez) U —— namnarpol ynomet

Ao
o)

n

, Men  dezre @ e S Sverskedigt £ v fokwrisercr




Kort §ummmn {5 ROC-esenskaper

“ [noy poler | Pocl

¥ For en kavsa senced ROC - omrédet vtanfor cirkel med rodie 1,

‘o & det sersta ou beloppen til H(2)s poler om Sidana Linns

“ Om enhetscirkeh Ligger  Roc-H@ e Hie)-Drer (hp13 (DTFT existesar)

Erekvenser och Sampling_
En kentinvertig sigpal :CCt) A cosut)= Re (A3

g; w
Raf/}t’.”tg

XM= B cos(azn)-Re { D™
x[d 0 Yad

Om v har est cmplat Syseepn X0I-2(iT) dar T Sampleinterva
[ &t oss scrvpla en snosfermad signal 2X(NT)= A cos(wnT)=A cos(wT n)
Alltsé n=Tw

nggm steoremet

?emaﬂeﬂi hagste frekvens for ad Undiika aliasing Vd Gterskapning aw Signalen = Ws > 2y
Js

Om  Sionalfrekvens cen Sompling frekuens ar Lko = 2-wT-ws 25 =21 = Vi somplar

Sanalen en adng Der period

Om SJgﬂat’wﬁre kuoensen: Lu-= wM O.5Ws = _(1 TC => i somplar  SInalen tvé 9o per Period

Om Signalfrekuensen L= Wn= Tr Ls=> Q- = Ui somplar M 9ot per Period



Frekvepssvar hos diskreta [TI-System

LTI

%w “Laosalt hi=o, <o

Let x[m=2" (zed) .
YInd= (b 20)[n) ==, hiaxOvk] = 2 hik]z™ -

o>

> 1z z - 2 2 hkd 7z H(z)
Vi Ror alt=é Q01=-Z2"H(Z)

For en diskret, sinsbormed, s19nal - Z=€* ach ZLe™™= Cos(2n)+i Snlan)
ANI= " He®)  dar H ar Systemers frekvenssvar
Vilket Plverkar cnplitud och fos Lo den
diskrete,, Snosformode, Signalen

H(e™)= | Hem)| o'omotHes

Ex
JLnd- X~ A2 . Y(z) _ 2y zt,.
Z(900) > V(2= X(2)r 22 X (2)= Y(2)=X(ZX1+22) e X2 (1 1 Z27)= 52 Hiz)

Noll Stélle le+1=©<=> Ze] e Zory=E7 }
Pol Z=0 < z-0 (dubbelpol)

NANCE

Frekvenssar z-€% |, Hie®) =11 e™ - (e ¢™)- 26 cos(a)

Amphtuapsverkan | Hie'™) [ 2lcos(a)l W

T T{ T
mmgq ="z %

2
Detee. skulle innebaa axt hefe sgnalen Sachs Ut till f5ld av o]+ 023
Sammanfadning_

amplas — OTFT -k
X(w) FL X ZE2 o) S () s XK

o=
Kontinueriiy Kontinueri Jokret K Jskret
icke-peciodisk  iCke-periadisk icke peciodink ontinuer £i9) Periodisk

Periodsk 102

En kontinuertiq Senals konertensferm kan echélias Ur den samplade Signalens feonertron St
(OTFT) om effekton ay ahasing kan goras tllvécklige Liten

e om DTFT Sambana mellan k, w,-2 och {
()= Sin(wt) Samplas  £=nT => Sin(wnT) =S (WTn)=Sn(L2n) -
DFT's fiekyvens cocel

XLKJ XTK] XLk




'l/er)tamen Aug oI5

2) YI- 2027~ (o 6)") uml ]
z:> Y(Z):io;z"’ﬁol,z" ;{L:kézv‘n:n|5f}; (POZZ#O)(SMZOW
x00- (-0 6)" Ut
£ X(2)= Toez

V(=) _ aez' . 16 _
H(z)= X&)~ 7oz zo02 - C)\/eﬂ%mlﬂispuﬁkt@ﬂ

Diffekv Y(@)-U-02z2")-X(2) 162"
NM(Z)-02Z"Z)=16 Z" X(z)
el tren Sferm
Yd-0.2900-17=16 2 n-1

B (e .
5) /Udud( Sianals fourersene X (R % - S TE)

ALY
An=0 ¥ Bo= 53

100

Systemets frekvenssvar G GW= (A0 |,on = To o
5 ]
Am?\,tucl@éucrkan \ (4 CJuq)l: L.J"‘Cj»oloz

|

Amplitud hos Ltsignal

N=1, W=0Jo M2=|BullGGu|= & % 0509
N2, -2 B [Ball GUAW T zo3e- O 159
N=3 J=2ls /.52= \%D)]C’yuﬁwﬁ)‘: 2 Jeo

it oretm O 065



