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Chapter 1 --- Continuous-
time
Signals



What is in this chapter?

*2"Classification of time-
dependent signals

*&Continuous-time
signals

‘2" Basic operations -- even and odd signals
‘2" Periodic signals
{2 Finite-energy, finite-power signals

X3 Signal representation using basic signals
‘2" Special signals

‘2" Basic signals operations



'019Z SAem[e
SI [RUSIS 9} PIYM JO 9PISINO [RUSIS o1} JO [ oyuyul 10 a2yuy :psoddng

PPO 10 wdAd ubrio 2wy ayy 07 30adsas yjum fiupwuhis

orpourade 10 otporrad uowvyaq 2ar13adayy

ASIouo aytuyul J0 aj1uy fibuausy

[BISIP ‘OWI}-9J0I0STP ‘DWI)-SNONUIIU0D 2pniyduwin puv 2wy [o U0LIDILVA

DTSTUTULIDIOP 10 WOPURI : fig1qniotpad ]

@?Gmmm juapuadop-auul ], Jo :omumowmmmm-ou




woys 'y
pappunzosddo s1 anypa 2pdwns Yova oy 08 $1202) [0 42quINU UL 0JUL PIPLALP ST
sapnyydw o abuvi ayy apnyydwn ur puv ‘{5 pu} sowny waofiun o uayvy 24v $2)d
WS uwy uj Ny Jona) uoyvziguvnb ayy puv * 1 poruad buryduwns ay) 240 S42)IULIDL
-od 2y -wubis boppuv uv fo spniyduwiy UL puv IULY UL UOWDZLIALISYT T 9IS

[eusis 8of
QTR R OJUI [RUSIS [RISIP 110AU0D (DY () JI23I0AU0D Jo[eure 0} [eII3Ip e

[RUSIS [RISIP
v oJul [RUSIS Sorue s10AU0D (DY) I93}19AU0D [eISIp 0} Jo[euy e



SS'L

wr pafivydsip s1 ‘sppubis paziyguonb ay) puv pajduwns 2y) UMD IIUI[J1P “L04LI
uoyvzyuvnb oy ubis paziguonb oy puv pajdwns 2y smoys aunbif jybri-uio3joq
Y 998 o (1 = ° powad buydwws v buisn (sajdwws oriaa) pubis pajduns
2y} puv (duy snonuuod) juawbas yooads oyy shivydsip aunbf 3fa) woypoq 2yJ
‘paziyuonb puv pajdwwns sr doy wo umoys pubis yo2ads 2vy) fo Juawbas g 9IS

oy “Lug

Syl

m” L St 55'L 5l

15°0—
vo-
1€°0-
1¢°0-
10—

Wi [

L0

€0
¥0
S0

(00s)1

CLua‘a



‘00 0] 00— woLf ‘papaau i ‘figsnonuyuod fiuva (3)x puv 3
anyoa (Ta)duiod v 40) oL v s1 (07)x
7 2wy S1 2)qLAva JuapuIdapuf

..~.m....~wmm JuIr}-snonurjuod

( sreuSig awrj-snonurjuo) )




(72)m poubis mopurm ‘(2)m(2)x = (2)z pamopuin 2w e

popurdxo /possorduton [eusis ‘1 # v —

P27991fa.4 10 dUI} UI PISIOAAL (7—)T ‘T— = 0 —
0 JuURISU0D ‘(J0)T PAwIS IUWL] e

yoi502(1) T spagonpows fivuanbauf 10 fiouanbauf wr parfiys (3)T —
(£ +7)x :L Aq paouvapy (3)T —
(£ —7)x 2 &q pafinpap ()T —

:papfiys fiouanbosf /ouny e
wrdymu jueisuod uisn (7)x0 = (3)z — woyvoydiynus JuvISU0;) e

Toppe suisn (2)fi + (7)x = (2)z ‘uoippo pubrs e

ﬁ suonyerad() [eusig oiseg u



s

(1—)x +

4
] -

(£ —2)x

w W

(p)

(9)

e ¥

(v)

‘uoympows Lo burmopuwn-auiy (p) puv ‘finpp (-
‘Uardignw Junysuod (q) ‘aappv (v) suoryviado ubis 21svq fo swwabVYT ¢ INST]

(2)

.4
Aefa(]




T— = 7 UdYM SIDO0 () 89 ‘Teursduio a1} Jo dFeull JOLIU 10

ISIMIOYIO ()

—_ — — = — )T
0>1>1T— 0O 1T>71—>0 1 (=)

0 = 7 JO peoye S IPIYM Z— = 7 Je smooo (g + 72)x 10] ()T

mmrfmﬁoo
— — —_ = + 1)
[->1>C— 0 1>¢+1>0 1 @+3)
(72)x 0y poadsox yym g Aq  podR[op,,st (g — 7)T ‘g WSU o) 03 pajiys
U29(| SBY [RUSIS 0S ‘g = 7 UM SInd0o (g — 7)x ut () = 7 e samooo (7)x ur) ()=

ISIMIPYI0 ()

—_ — —_ = — 1 )r
E>1>¢ 10 1>0—1>0 1 AN 3

uornjog
“(3—)x pue (g + 1) ‘(g — #)* purg

"ASIMIIIO ()
[>71>0 1

= ()=

)n-.-.-.u\.ﬁ. w\ddsddﬂu TIYY T 2y IAZATIC'TYIANZN ™S Dﬂ\..-..-.ﬂaqill.



Z Aq poAelop,, pue pajoopgel (g + 71— ) uotp)

0=(g)r 11—
0=(2)r 0
I=(Dr 1
[=(g0)r <1
1= ¢
(z+1-)r 2

.2 Aq pade[op 10 paoueApe Jnq ‘pajdagal st (g + 71— )«
aonnjos
aaoqe (7)x 0} (g + 71— )x aredwo)) ajdurexy




242YMm
(D°hi + (2)°h = (3)fi

(2)°fi yuouodwiod ppo uv puv (3)°f Jusuoduiodr ua3
uv Jo wns v sv 2)quIuasaLdas s1 (3)fi jpubis fiuy :uoryiIsodurIodsp pPpo pue ULAH

(1-)a— =)z :ppo (3)a
(2—)x = () :uweAe (3)x

:smojjof sv paurfap auvn s)pubis ppo puv uaasf

(s1eusis ppO pue uoAj )




PPO 10U UdAD IU ST (f/% + Jug)so0 = ()T ‘F/x = ¢
ppo oae (jrg)uis — = (g /% + 22g)sod pue (qug)uis = (g/x — 32g)sod
Z/rt=prortyp— =g 10

(L+ g —12g)s0d = (L F g+ 1Lg—)s00 = (f + 24g— )00 — = ( + J£g)s00

10 (3-)r— = (3)z jrppo (1= (1)
WOAD aIe (Ju7)S00 — = (L + Jug)s0d = (7)%x pue (xg)soo = (7)1
Li)=p010 g— = 10

(g — 12g)s00 =

(g + 12g—)s00 (9 + 22g)s00

10 (7—)x = (2)x J1 waao (7)x (1)
Ay (g + 12g—)s00 = (7—)T uorORPY
uornjos

LPPO 10 U0AD (2)T SI /L = g 10,] @

JPPO ‘U0AD (7)T soyRUT § JRUA\ @

00 > 7 > 00 — (g + 1xg)soo = ()=

TATICTTION S ATATTITOY T



oures o1} st Jjuouodurod PPO

0=1 Z
0>1 (p)soo § =[(1-)z+ ()x]g0 = (3)°x
0<? (m)s0o

‘7 = (0)r1og
(7)@ soA1S wy) Surppe

0=1 0
0>% (w)soo— 3 =[(1—-)z— (D)z]e0= (3)°x
0<7 (71)s00

0=1 0
0>1 (p)soo » =[(1-)x+ (Dzleo = (3)°x
0<17 (p)s00

0 > 7 10] () = (2)T 9sneIA( PPO 10U UIAD ID}IDU SI Gvﬁ
uoInjos

urepdxs] i = 7 1B prosnuis
oY) duyap om uwdyMm o1 ‘() Jo peaysut g = (()x Jj1 uadder] pmom jeyp\ e

uo1)1s0dU1009p PPO PUE UIAD SIT PUL] @

OSTAIOIO 0

= Ir
0<1 (19)800¢ (1)



‘porsad Y] paLapIsuod 2q J0U
poys 31 (3)x fo powad v ospo s1 T < N +abajur uv sof O N7 ybnoyyw ‘snyy -2)qissod
fipoiporuad a2y saypw oy () < Of fo anpoa 2)qissod sappowis ayy st (3)x Jo porsad 2y ],

"y wabajur fiuv aof
Mz = (Uy + )7
1y yons ‘(7)x fo porxad ayy ‘Of angoa was 2aapisod v st 949Y] e

pum ‘oC > 1 > 00— ‘7 fo sanoa 2)qissod 1)v aof paurfap st ji e

J1 orpotxad si (2)x pubis bojpuv uy

(sreuSig orporrody pue JIpoLId )




(On+ )z = (pw+pn+ (N +)z = (v +1)n+ (pw+21)z = (v +1)m
19110 Yord A 9[ISIAIP 10U SIASIUII () < Jy PUR () < A 2I97M

ot
N I
jtopourad (7)m (p)

(a+ @z = @)+ (UUNY+1)T =gy + 1)+ (Ly + 1)z = (1y +12)2

y 18ojut ‘17 porad jo orpouad (7)z

(1) jo powed 0N = T (q)

*07, potaad jo orporrad st (7)x aours

(Dx+y = (py+1)z+y = (Opy+2)fi ‘y 108ejut “o'1 *07 pourad jo orporrad (3)fi ()
uonmjos

orportad (7)m 10]
suoryipuoo ‘07 jo ordyymur jou ‘17 porad jo oporrad (7)n *(2)n+(2)x = (2)m ¢

(1Nz ¢
(1)fi 1

spoutad 11a1])

AC TT A TNOTTIAA Cc111S1e L1IITAAOTTOT 212 ‘07 oyt 1add 160 F2Y 7T 11191 VITTYATTAS T AaTAdTTTD Y T

‘8ojur () < N7 21PyMm ‘07 A7 = 17 potrad jo otpouad (2)a ‘(7)a+ (7)x

(DT +vy




SIPUDLS I21POLLIG OMY O JINPOLA Y[ “IIPOLLIC ST SPLOSNULS OM] JO JONPOLA Y[ &

"CLN = YLV §1 wns 2y} fo powad oy, -a)qisuip-uou
JV puv N ypm NN aoquinu ppuoyos v st ST/ sporad ayy fo oypu oy fi
gwporsad s1 ‘T puv 1 spowad fo ‘(3)fi puv (3)x sppubis 2poriad omy fo wns ayJ g

"paurfap qjam jou s1 portad ayp () = 05
05/ 2g = O powad fo oporiad auv () < Oy fiouanbauf fo sprosnuis boppuy 1

srpotad jou st (72)d uwarpy ‘oporrad jou (2)fi + (2)x
Wiz + @)fi+ @)z +1=(1)d

z = 11, ‘opourad ‘(2)fi +
= 0 ‘orpouad ‘()T + 1 (¢
(L+7)/rg =38 0s8L/ug =2+ =7
otportad (725)ws £+ (7235)809 = ,uizye? = (DA(2)T = (D)™ (g
jou St PIYM ‘Teuoryea st /g = 07 /11 jt otpouad (7)z (1
z = 17 ‘owpouad (ju)urs( + Gkvmoo = (p)fi
= 07 ‘orpouad  (z)wis [+ (3g)s0o = (7)x

uorIN[os

gopordd (A +T1)((H)x+1) = (3)d e

jopouad ‘(2)fi(2)x = (3)m e

- s & %




o0 > T
Jr 3amod oj1uy 2avy 03 pivs st ppubis 2y ],
oo > Ty

L202uaym ‘a[qerdajul axenbs Lo ‘A3xoue oj1uy 29 03 pivs uay) st (1) pubis ],

,T

rHN oC+— [, .

Pl (2)x] = wy =%
rh .H

Pl (1)x| \ = T

;0 spubis juoddns ap1urfur

L0 apuf adypa aof paurfap auv (3)x pubis bopuv uv fo Jomod 21y} puv A3idUd Y]

mﬂm:wmm IoMOJ 231Ul pue ASiour mﬁ:rmu




) - . - vl w ] vl w |4
¢co=¢0+0=1w [ -+w(g/r+iy)so [ - =
1 ! v I
AN.H 0 C..HZ 00— N
w (/v + N\“E SO0 \ = |wp(p/x + m\t&mmoo \2 % o =
oL
0 OO0 «— o0 «—
/e g/m)gsor [ N Tl gp(y/a g/am) 0o \ LN = oy
OLN

LN = I WI ‘(1) 104

A8rowo oymuy ()2 () ‘0= *d‘"q

:TOMO
0
AZ10U0 2ytUyt | (O = 7P = %57
01
0 0
£S10U0 YUY (F = P \N = Welg /3L + 1) \ =
01 01
8'
AZ1ouo dyruyur 00 « Ip(f/L + /1) 800 \ ="
AS1ous]
uornmios

Jq30q 10 1emod ajtuyy ‘ASIoU0 91Ul

"ISIMIDNJ0 019Z puR ()T > 72 > () 10 ‘T = (7)z (9)
“SIMIOYI0 07 ‘(0T > 7> 0 ‘7/5x2(L + 1) = (3)fi (q)
0 S 1S 00 - (p/r 4 7/12)800 = (2)x (%)



0 er
I =p((1 — 2)g)s0o \I + 2P (31 + 1)g)s0o \I
4L 97T, H

G v
p(117)s00 \ Lo + 2p(31§)s00 \ Lo +1 =
SL 'L

L~ 00 +—
(1) ,fi \ L gt = Ay

(2(1 — 2)g)s00 + (2(1 + 2)g)soo + GSmOuW + (7x§)s00 m +1 =

(72)s00 (72g)s00 g + vammoo 4 kavmmo”. = vaa

(72Z)s00 + (719)s00 + kavmoum + kavmoom +1 =

(21§)800 (227)S00 T + (31F) 800 + (31g) 800 = (7).

pojeal A[[eotuouLIRy jou g pue Ly saouanb

-1) ‘(reuonjex jou x/1 = € /1 ) otpouad jou (2)fi <= x = £ pourod ‘(2g)sod
sopuanbaly pajeor A[estoutrer] pue ‘1 = gz = L7 pourad jm

(z = 2r/t1) opouad (7)x <= g/1 = 21 pue [ = I spouad (7x§)sod ‘(3xg)soo
uormnjog

LIOMOJ jOTPOLId]

00 > 7> 00— ‘(2g)800 + (2xg)s0d = (3)fi

00 > 7> 00— ‘(uF)s00 + (31g)s00 = (7)x



y
xHQ.N"Hm

‘spuduoduwod prosnuis 2yy fo yova fo samod

2yp Jo wns ayy s1 {5} saouanbaif pajvjos fippporuowivy uow Lo fpwrruowany ypm

¥ %
(1)1z " = (pp)sooty = (1)

‘sprosnuis fo wns v fo uamod ],

1="9+"d="d
Yd+Td="d

L |
|

Nb&.”-hﬁ&.”ﬂ.ﬂﬁ&.“ ﬁHﬁ&..—HGAﬁH

1er) 0s G

(2)%h + (2) Ui = (3g)s00 + (32g)soo = (2)fi

(2)%x + (2)Tx = (J1§)s00 + (xg)s0d = (2)x




:uvH_S.H :wvH_wQ\

N

-~

(0D WS ¥ [+ (1005)s00 1 = 00 2Y = (2)7

‘050 = » feax st

) < ») renuauodxe Summolis ‘(() > ») enueuodxe Sutdeoop ‘00 > 7 > 00 — w2V = (1)

‘[eoI 2av v pue

‘suaquinu ra)duwod v 050 + 4 = v puv * m.qw_v\_ = | 242Ym

00 >1>00— [(g+210)wst + (g + 1905)s09] 2| =
wV = ()7

wLof 2y Jo pubis v s1 reryuauodxe xoyduwod

sreryuauodxygy xojduio))




‘(1ybra puv 3fo) woypoq) buimosb puv burfivosp pryusuodrs payonpows ‘(b
doy) muauodra buimosb ‘(3fa; doy) ppryusuodra burfivosp :spryusuodra boppuy

150°
1502

=T M o




0} sUIp.aoadve sosueto (7)4/(1)0 INA 10 Tonemnpoul o9seld / AUuanbDady e

‘juregsuod aseyd pue Adouenboayy
*98essoul 1]} 0] SUIPI0DIR SoFURIP (1) (JAV 10 uonyempouw opnjijdury e

((2)0 + 1(2)15)802 (3)V

SUOI}RDIUNUITIOD Ul SWID)SAS UOIJR[NPOIA

T
chc.ﬁl\ o ucc.m.mwv.ﬂ = Aﬂccv:_w
(A
Ccc.nlw 4 ucc.mmvm = (7073)s00
0
<L _ — 0
vy~ 46 ="°0

‘PaIv)as fijasadaur 240 $3)qLIDA 2wy puv fiouanbaif oy -iys asvyd
v 51 puv ‘fiouanboif ayy s1 (02s/poi) Of ug = 075 ‘prosnurs 2y) fo apnjydwn 2y} s1 Y 2Lym

©>3>00—  (g/L+g+00)usy = (g +200)s0 Y

wLof aauab ay) [o 2uv sprosnulg




0<? 1 J°

0=71 0
0<7 1

(2)n

= 1p(+1)Q su.\

s1 (pubrs dajys-yun 21 ],

21 ‘figrun s1 DIUD SP e

‘0 =11 pourfapun ‘() # 1
0= (2)¢ ‘2 ‘paurfap jpom jou s1 angoa s31 uPYM ubrLo Yy} v 3dadTd dUdYMAiLIND 04927 e

81

(2)¢ TeuSis asnduur ay,J,

TV /v

/

()¢

(1)

+

S/V  T/V-

-+

v/1

(3)Vd




P

(1) Vnp @

wva [ = @

¥

(7)¢ pue (7)n womdq UOIIR[AI () «— Y STMO[E))




B 1° %=
I |z
8 80 90 ¥'0 c0 0
u J T Y - .Nl
\I/ 5
0 %
- 4
I 80 90 0 ¢0 0
- . _ : 7-
|_|\\|/L|o X
e
P

0 yueuodurod
SNONUIIIO0D ‘SNONUIUOISIP 0S g = 7 pue T = 7 ‘() = 7 ye sopymurijuoosip dum( ‘(3)ex
(T=2e—@e+[1T—nn—@)n](rg)usrg— =

(1-290—@e+[(1-29¢— @)el(T - (3xg)s00) + [(T — D1 — ()n](prg)us xg— = - vﬁs

SMONULIUOISIP SNONULIUOD
N

L -~

[(T=2n—@n]+](1-»n - cvm_: — (3rg)so0) = (3)1z

uormjosg
"SOAT)RALIOP 1191}
puy pue ‘speusts dojs jrun pue [eUSIS SNONUIIUOD © JO WNS 91} SB W) Juasordal

AN - “&.; + A.H - wvﬁm -— :vﬁ A:NH
[(T—2)n — (2)n](2xg)so0 = (1) 1z



e o=\ —Hng — (F)4g + (1 + )49 — (& + §)4g St ()it g < 1 @

S
I

=904+ e+ =D+ T+ D9 —(g+2agst(PDAi‘ec>1>50 @

‘e=(0)i‘'9g=(1—-)f
et =04+209—-(¢+e=0+D9—(g+pagst(DAi‘0>1>1— o

9=(1-)i‘o=(¢-)istpum (g+3)e=(e+)gst(DAi‘T->1>¢— o
¢ > 7> ¢— j10ddns ur [RuSIs ‘¢ < 7 10] pue ¢— > 710] () = (2)fi o

‘Areondreuy

(09s)1

<r o™ (aV]
WA

<

19

L

*1091100 ST 2INS8Y paurelqo 9} yey) Aqeonipeue Ajuwa pue 3 jord

(¢ — 7\ne — (72Y1e 4+ (1T 4+ 210 — (¢ L 7Y 10 — (2\A



‘(wogp09-1ybre) (7)°h quauoduwiod ppo ‘(doj-pybri) (3)°h yusuodurod
uand ‘(o) (G —Hn — (7 —Hn+ (¢ — 1)4¢ + (3)46 — (¢ + 1) = (VA pubrg

} (09s) 1}
0 G- G 0
L|\/\|_‘ 0
2 o
v
0 G-
NI
0
o=
i <&
1V

‘Sjuouo dutoo



) <L’ I 0 z I 0
I I
A Y
(1)vp (DV
ISIMIOIO () p
2>1>1 1— p=(@—1n+(1—1ng—()n = O,
I1>71>0 1
TOATIRALIO(]
z2<1 0=@C-D+(0-Dz-1=@—-De+ (1 =21z — ()t =
Z>1> 10] Z+1—-=(0-1z—-1=0-1ew— )+ =
[5150 105 71=(1)+ = (Vv
‘10.] uj
(C—He+ (1 =21z — (D)L= (D)V
uormnjos
OSIMII)O 0
Z>1>1 ¢+i1— =0V
I>7>0 |
"OAT)RALIOP

a1 pre (Vv menSie memSnein o oo tdoar

o1 (1Y pre (1)1 aen ardarexrT



By —Hd § =W)7
[(¢'0 —#)n — (1)n]|(2eg)s0oo | = [(¢0 — 1)n — (W)n](1)x = (3)d

G0 =07 > 1> 0 ‘pound

TT T T T
JYVVUY Y

R
JO SUOISIOA POYIYS Jo suwiw) ul (7)x jussoadox pue ‘pouad e 10] uorjejuasaiday]

00 > 7> 00— |(22g)s00 | = (2)x




o™

Q1T ATTITA T CATTITY =~

| o |

- BF RERREE

P

(2)dp (2)d

0=

(42 —1)s £ = ()
uornjog

(@—Dn+ (1 -1z — (B)n = (3)s

"DATYRALIDP ST pul ‘pouad js1y

CtTaa QrrravardatT ‘aovamnd T4 11T T4 TOROTITY 211 TATIA YN ASTATTTOD YV AT




(%2 —-)e(%)f (92 —12)¢ (0f

1p(e — Do(2) 8.\ — ()

oG

‘uorjyejuasaadaa orreuad Huwnojjof ayy fiq
pajuasaidas 2q und (3)x poubis iuv (3)¢ uorounf aspndwir 2y} Jo fizaadosd buryfis oy fig

L Aue 10j] (

L)f
(L —1)0 8.\ (4)f =w(L—1e(2)f x.\ = (L —1e(1)f 8.\

o0 oo oo

Qd,nvﬂu.m._.h;. TOO TTOTATATTACA T3 YT AT TATTA X




NMhat have we accomplished?

‘2" Signal classification

X3 Symmetry, periodicity, energy/power for continuous-time signals

X3 Signal representation using basic signals (unit-step, impulse, ramp, ¢
Where do we go from here?

‘2 Connect signals and systems

X2 Develop theory that approximates behavior of most systems

‘2 Time and frequency analysis



