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— improper integ(als :- — infinit sefies
(%) N
% X(n] = hm 2 x[n]

(]

t
f fo0dx = fJl.-_v:.m i £Ux) Jx ‘oo
b b > XIn] = fom iuxfn]
_L'PO() dx = f’”_w g_FO() dx Nn= -00 N0 N:
00 t
$ P00 dx - kwic(xm - Jon § $60 dx

‘ut is o Lunction of one of mofe independent variables.

ex: L) - £: dependent variable , t: irlolepeno(emL Veriable.

— Two Hypes of signals &
[ continuous -time Signals CcT)

kmf’(t) whete € (the +ime) is the independent variable.

it g a;ignal thal an take a continuum of velues,

(it can be” 1.3454) (F must be

¥ examp\es on continuoug Signals 3- < speeol, Audio waves

(oom's tempelwaﬁ
(The independent Varfiable in images <

is the coordinates of the pixels ).

A (‘L’)
/ _
e~ examples
of confinuons
gvraphg




D discrete - time signal (DT)

L, X[n] where n is the pumberf owC Samples
Cmust be integer).

A X[n]

i

L 4

1l

3 A ——_, somple pumbper
(a\ways integer).

L

3

# we an get Jiscrete Bom a conTinuwous signal

X ()

1 2 3 Yy 5 6 % s‘\'t

¥ Digi‘l‘a| SignaJS Con only be discrete $53na\
however, Analog signols cm be both diserete

anol Con"’inu.ou.s .



odd <€ even Signals s-

% A signal is even if s

CT case: X(-t)= x(¢)
DT case :x[-n) = Xx[n]

Se\/er\ #F0

» A Signa‘ i io( if o-

CT axse: x(-t)= =X
DT cage: x[-n)=-x[n]
Soo(o( =0
+ A Sigm:\ is neither odd
nor even if9-

the Signa( is a combination
of even and odd.

ek ) = 2. ¢!
X(-t) =)+ (-t)
X(t)= 24"
X(t) = x(-t) . even
cs X(€) = t+83
X(t)= t-t> = _(t+¢3)

X(~t) =-X )

iodd

/

*Sjmmef'fl'c around
the Y- axis - even

-
_/

* ho'(' S’mm&"’fic avound
the y-axis = odd.

Exz.
X)) = sSin(t) + cos(t)

X(-t) = sn(-t) + cos(-¢)
X(-t) = -sin (¥) + cos(t)

odd even

-~ nerther even not odd.

sin(-t)=-sin¥)

cos(-t) = cos?t)




» Any continuous time signal can be repfesented as sum of odd
and even components.

X(£) = Xe(£) + Xo(t)
Ke(H) = L (x&) +X(-t)) even part of the signal.
Xo(t) = JZ(X(t)-X(-t)) odd part of the signal.
Ex:
X(€) = costd) + Sinlt) + Sin (t) cos (¥)

Xe (t) = 1 [ cos (4) + sin(t) +sinlt) coslt) + cos(-t) +Sin(-t) + sin(-t) cos(-t )]

Xe ({') = Ji[CoS&) +Si}£()+$v'nlf ost) + cos( §) -S)k/(-l;) -S-‘n(% (‘b)]

Xe (1) = ,lz[zcosét)] = cos(t)

Xo () = os () +sinlt) +Sin(t) cos(t) —sin(-t) - cos(-t)-sinlt) Cos(-L))

o
2L

Xo (t) = li Lco (t) +sinlt) +sin(1) coslt) +sin( L) - cfs/ (£) 4sin (£) Cos(4 )_
Xo () = _/17[2/9'1\(‘(3) + ZS.'!\U:) COSU:)J

Xo () = Sin(f) + Sin(t) ess(¥)



even + even = €ven

OOLOL-P oo(oL = ocl(l

N\

even «odd = comp nither E nor O

\V%

even ¥ even = even gv-m _ even

tven » odd = odd L - odd

odd
odd # odd = even

/\

X o CaﬂS‘f’an’f is even beco.u,(e when
drawn , it’s symmetfic around the Y-axs.

2 X(6)

]
<ty

4
c+

continuous Sighals g-

¥ ! we Know that ¥ if we Know thal
the signal X(t) the si

nod X (t)
(s e\/en thens (s oo\ols +h eng

> _S:xu) At = 13x(t)alt = g x(t) =0



Discrete Sigr\als s

¥ if we Know that ¥ ! we Know that
H\e signad X [n] the sianoal XIn)
1S even ‘H’vena (s odols +h eny
No
= -ni)(e[n] = 2.; Xe[n] :; XO[n] =0

# Con iugafe Symme‘ffn'c 5

k’ (omplex Signal

2(t) = alt) + ) b(t)
D
Reol img

K how do i know that the signal is a conjugate Symmetric?

Z(-t) = Z') odd )
Z(-t) = alt)-)blt) 2(8) = a(t) + jblt)
( )
even

P |€ Z(t) even + .)oo(ri — Comugafe Symme‘)llic
of Z#)
Euler identitys-
1 _CF_ éez cos@ + )sind
T T
even odd even  odd

Yew| tmg .~ Eu|ef,S ‘po(cn“‘j 'S
a conjugate symmetric.




» Peciodic and Nonpefiodic Signals o-
. T B

a) //\ /“\

\/ \_/ 0 05 1 15
t [Minutes]

x 10
80 ' . :
. 12 40 WWW‘MW
] 0 2 4 6 8
|— — — f [HZ] <10
1 . .
0.5
C) N = ¥, 0 W
A T
\\/\/ \/\J \/ n x 10°
-t
‘t:(')
periodic CTj non periodic T 3

petiodic DT
e/

|1 (1 oxloaly ] et or
° 1111 I ] J




A signal x(t) s said 4o be periodic signal with a period “T°
W there s a positive non-zero value of T such that x(t+ T)=x&)

Lor all of t. Wamlly T has multi Values.
= minimum possible value Lor T — -puno(amen’la\ pefiocl

l—) that Sodisfj x(t) =x(t+T) and is densted by T

Example 8 X(t) = Sinlt) ; check i# it is periodic or not.

X(t+mT) = Sn(f+mT) = Sinlt) cos(mT) + Cos(+) Sin(mT)

CoSmT) =1 - when T= X,@, @, 6X ...

but T can't be zero
because if it was the
signal wMol be non~perio&ic.

Sin(mT): 0 - when T = X,W,@, 3W,@...

Example s X(t) = *

+mT m
XemT) = €7 - & &

<. The signal is non-periodic.



x ()

T /21' .
N

T: fandamental periodic of one comP‘C"e cgc'e of x(¢)

} 4

-

T: poSi'Hue ( time) [Sec]
.f: -ﬂunolamen‘h‘ -pfeguen €Y. = __‘T_. [H Z] ) [cgcle/sec}
W: angular 'prQuency = 2%P - _27\"7‘: [(aoL/SGCJ

o= 27)

‘f& i+ X(t)=7((‘75+”‘T) $i3nal \s periodic -

>ifnt then i mpere (D) R Ay

® X[nJ = X[nemN] - signal is periadic
5 if pot then i+ is nongeriodic.  (DT) ’ I I
111

1
i

¥ N must be positive
and integer.

S = E 0("9%‘&/ 'P(eguencg

N

¥ A pefiodic signal is said to be periodic if i vepeats itself
aftel a \(ej\dar intervel of +ime.



Example 13- xt¢)

1
-1
0.2 o.y 0.6 f
T: 0.2 sec
=1 = { =
P p =5k
W= 2Af = 2K(5) = 10X (/%

Cos(A+B) = cos AcosB — SinAsinB
cos(A-8) = coSA cosSB + SinAsinB
Sin (A+B) = SinAcosB 4 cosh sinB
Sin(A-8) = SinAcosB —cosAsinB

Cos’(xt) = L (L+cos2xt)

Sin (xt) = L (L-cos2xt)

Example 23

Non periodic

because theve is

no repetition.
Example 35

rXIn)
N = 8 N = EI = 2N =
o 1 . J N 3
i
#ob Samples that

afe being fepeated.

K ((ad sample)
L‘



Crample Y2 X&) = cos™(27¢)
= .Jz_(H Cos Y7t)

W= Ywn T= 2K - | sec
w

2
P= 2 H
Example 53- X&) = cos(27t) ; checK i€ i+s petiodic or not.
XIt) = x(t+mT) — CoS (27 (++mT))
=cos (27t + 2mT)
! o
= Cos(27%) cos(28mT) — Sin( 2Wn(27fm'l’)
= Cos(2F+) . X&) = x(£+mT)
* signal s pefiodic.
-lot
E)(a\mplei e t>o 5 Pe(l'ool\'c of non perioeh'c?
~to(t+mT) -0t _jomT
X(£+mT) = e =e ¢ T rmust not be
LT/ +) o i€ pefiodic
Signal
i+celf (T
-0
we need +o check # et _ e if yes it%
peﬂodig

X&) # K(t+rmT)

" non periodic .

e e

Examples XxCt) = Cos(—eﬂtt)
X(#+mT) = C"S(éﬁ1e -@

non pefiodic




sin (27 t)

Exomple 3 X(t) = € — |

sin(2K+t) coS(2AmT) +

in (2K &+ 2T mT)
X“;-HMT): eg ( /W)

/ =5in (27%)
pefiodic L’
Lov\)
L 27
-\
c(os 'si?') = (: / SO»\)
sm2ft Vo e 2
EX“MP'G o t e (v,-")
G petiodic
(t +mT)
non pe{iod'.(

smee Tt # t+mlT becauff T Can/t \DQ 0 IF it was Pef"ocl‘t

¥ T #o0 f the signal is perisdic

. The signal is non-periodic
—

Peﬁodic + Pelioolic = pe'/iodic.
non- periodic + non-pefiedic. = non-pefiodic
periodic ¥ pefiodic - periodic

Periodic ¥ nonvpefioclfc, = non-pericdic

non- periodic ¥ non-pefiodic = non- periodic




Summaﬁon of Qeﬁodic Signals 9-

W, W w;

A < A~ S
Examplez XE) = cos (37t +10°) — cos(UR+t) = X sinlbTt)
Signal 1 signal 2 Signa| 3
K stepls Pnd all T
-I—\ = ZT Tg_ = 2—T T_;: 2'T
W, wa wg
= - - - - _ |
e 2Eely Tes3fclk TFeh

The resamlt fatio is in the form of

in+_ege( signa\ i peliodic
T - \u =3 nteger

K step 33 Pind T

the whole sianal

T =T K Ks LcM (Least Common Multiple)
hetween the enominaters
- _é’.. x Lem(2,4) of +he ratios in step 2.
=L U Lcm (2,3,4) = 12 why?,
T=1 sec 2:
%
¥ obv\o\ulg a pe(ioJ.i( g\gna\ Y:

because T #0.



Examele s  X(t) = cos4t + SinKt

w =y wy =71
Step 15 T = 2% T2= 2K
Y ~
§'|'ep 29 T - M = E = Wf'adionu'
Ty 2 Y integer

: sijnal iS non- penodic

Since 11+% not inteyer
inteqger

Example ¢ X&) = 13 ¢cos (Wt +4°) + CoS(Yt) - sin (67¢E)

= _2_[ = 2 T = 2K :I To = ZT = —L
Ti= 2L TSI A S
T = 2 .Y .. non-periodic (M)
a 1(72 ~ itrotional
J(2¢-7%) 6t
Example s x4) = 6.2€ _\.3e

" |
K € = cosf+ jsind

= 0~2[co;(2t—T) + jsin(zt-W)]— 3] coslst) +35in(6{—)]

T, =2KE -% Ty- 2K =7 T, 2 - L
2 2 13 3
T -X-) I-X =32 T T
T ~ Tz Y =
=\
T =3 , pen‘oel\‘c Tr—T;A—K/»



EXo-mple: X(3) = cos OFt + 70) _sy ejéﬂ;

¥ Signal is periodic

Example s Xtt) = sin(at) + 2%

+ 59nal is non- pe((oJ.iQ

Examples Xl) = cost + sinlz ¢

¥ non-—periadic



» Ene/gj and powel Signal:-

Y —
v |
olt)= TR = L’(;_)
instantanuous power

e R=1 o elb)= T V&) = X1%)

|
(:P Resistance For any

is  unit " $ignal
Energy = E = [ otndt = | te) dt
-0 -0od

A + )b complex
|a+ib| = JG2’+ b* |a+;\bll_— a2+ b2
. -
ehase L‘L’-L = tan (_b‘>
\_~ a

- —general form
Enefgg = lelt)zl dt | £or all signals.
oy

aVe(a.ge power s- v 9eneral
Vo ) £orm
= fm _L Xt €
P Aim -1872l )1~ d

® the signal is periodic 3
Y2

p= L [ixnlds

_’Vz



DT

=2 1x)

IS Nl
0= Jm, TP n=-ule"”

if signal s pefiodic s-

N-i 2
P= __L,_ nZ_ | XCn] |

# Tmpo(tant Notess-

4 energy signal & X&), x[n]

o0<E<os Shite Both conditions must be
and  p=o trwe o call it eﬂefﬂ‘j
Sgnals.
ower Signal ¢-
ﬁ P ] 0<Pcoo ,O;A;-l—e BD'H\ Coﬂoli"’lth ’YMS"' be
and E=o00 trwe b coll it povJ&f
Signals.

40 neither power nor Energy signals -
if both of the conditions above wefent 4cue.

Hint & periodic of random = powerl Signal.

non-pefiodic of determenstic = enefgy signa.

Candom — can't be predicted  belore it happens. = no pattern.
determenstic - can be pfedicted before it happens.



E)&am()'e o Ene(gy of Qowe( Signad_?

o8 Y
E=J|xw)l20lt - K\Ar,,u
A -0 Y
2
= At
:|;2
Ey
A 72 _ A1<I+I)
— 2 2
E- AT, o<rf<w
.
P: ﬂ,{m | lA‘Q‘A‘t
T2 T -7,
p= Im AiTl =0
T T
E)(amp|e b
1
0
- 0\ 0.2 0.y

V2

ol o2
P= L g ke dt = L (jfhlld:t+f '—”20%]
T iz 02 ] 5 o\

o.| 0.2
= = 0l+0| = 0.2 -
) —_53—[{;'0 +t£“z_01:;ﬂ-go_%_1
E=_JIxw)l"d = o

|
/ (2 because of +the

abgolute and
Sgaure.




Examp le e non-periodic

Y -3 2 ol 3 Y

. |
E- _gl)(fnJll = glx[nllz = |2+ I* + 2 - 3

=£n_' =O
e N-\NZN+I*3 -

. energy Signal

E)(amp le 3- t ost<lI non - pefu‘oolu‘c
Xt) =2t Ists2 because the
0 otherwise . Signal changes over

a Peﬁool of +Hme

% and O every where else.

! " 2
o2 \ 2
E= jalxu)lzolb = szou +f|z-tlzott
o |
1 3l' | 32
-—?—t ! +3_(2-‘6’) l' = Number
p=0
- .. energy signal.
Examples 3- n ogN<5
X[n] = [ 10-n 5 nglo

) otherwise.
y 2 \0
E- ; Inl® + 52 lo-nl?

= (0+l+“+‘l+l5) +(25+l6+‘l+ Y+l +6) = 85

il oo

. enerqy Signal.




Example s Sin(fn) -YsngY non -periodic
X[nl =

0} otherwise.
b 2
E= _quSin(Tn)l

E = (=sintym) >, (- s.'n(gx))z + (-sin(2M)? 4 (-s.‘n(x))z
x (sinlom) =+ (sin(x))% 4 (sin(2M)* & (sinGTY)* + (sin(4TN* =0

p=o

> Signal is niether power
Nor- eneryy.

Example ¢- s(Tn) -4YSNsHY non-periodic
X[nl =

o otherwise.

E= 2 lcosan)l

= (cos q7r)1+ (@g ;T)z +(Cos ZX)Z+ (cosT)* +(Cos 0)”
+(cosT) %4 (cos 27)* + (cos 3%) % & (cosyx)?

=2-\‘2+2+2+':q
P= fin e E =0

. energy Signal.



Basic opefa+ions on Signa|$;‘.—

independent dependent
Variable Variable
(&) X(¢)
Cn) X[Cn)

N[ 1. time scale. 1/

2. ‘L;mae_ Yeverse.
3. time shift.

k’ change only

in the x- axg.

@ Time Scales-
Ofiginal signal 5 X(t) = Scale a3\ of pcacl
b
new signal —s ‘j(f)=X(¢f) el ] |
compless QK(’ancl

(speed up)  (speed down)

Example 3-
Xlx) x(2t)
\ X @é) - \
divide
Qa
-\ | ¢ R
4 2
K(54)
x(3t) - \
oliv.‘Ae
«Q




gXomele o-

X(n]

\
~ p—
L

Q |I——y
L p—

— —

W) f—n

@ Tme Reverse (feflection) &

X[2n] — X[n]
divide
by q

N\L —
pl‘L ——a
N\Q —
vl o
N‘U o
N‘w Y
NI —e

B

C_ S0 in disclele we would lose
infofmation (samples).

X(¥)
Yylt) = x(-1)
Example ¢-
Xt)
x(-t)
\ g({*):x(—{:) |
-1 2 -2 | t
(3 Time shilfts
U(t) = X(t'to)
‘bo - +Ve )((19- fo) — Sh'lpf to the vight
to > Ve X(t—to) = Xlb+bs) — shif f the 1eft
Example 8- ()
\ ylt)= x(t-2) X(£-2)
-2 \ g 0 3 t

+2 +2



Example 3- () 2 (£+2)
y ()= X(t+2)

\

-2 -2

pPrecedence Rule $-

y(t) = x(at -t,) =
Steps : @

D Time shift.
@ Time Scale.
@ vellect /veverse.

EXoum('e?;'
y(t)=x(2t)

\ +
[\/ |
_ 1 _ -




Operations on dependent yariables x(t):

AY"PD‘I'KO(E Squfns .

Y = ax(t)

'iL X)) _,

N-

-\

-\

3XE)

-\

o

math operations ¢
A. addition /sub. X(t)+ Xo (+)

b. multiply /divide Xt | x,(t) x X2 (+)
Xa(t)

%, X, X+ X2
1+
' | + )40 >
VoK Wl A
,° \ - labiths
-\ \ -\ ' - ‘
X, XZ X *XZ
*

. "W AL :

. /o \

-\ \ - \

Amplitude shift -
(up or dowm)  Y&)= ax(t)+b L o
e X6 -

X&) +2 | 2 |

ex:
(Y
— -1




Example: y(t) = -2x(&) +3

-2x +)
7 K(t) P, S

-2xl) +3

-\ o 2 >t 3

_|°‘23>t 4 o ' 2 3

Elemenfa(g Siﬂnals e
(@ Exponential Signals

CTs XHZ) = Beq{: ‘&,

B im‘e{;edion Poiml: (‘j—OLXig)- J.ecouj(n_g
A SHaF?

EXNM?'G! |/

=3t
X¢)=26€ 9(owin3

—

o(ecajing
|/ x(H=26*
— |
DT 9(owir)3
* X[n] = Bv" X[ = 2(0.5)"

(r:_: ”lef

-l<r<l




Step s igna 2-
x(t)
CTs A

©

X[n]

L.

A=1 (unt)

u)

CTs I

©

ufnl

1]

ult-5s)

t

uit)= {o tco
A tyo
u[n]=io Nn<o
A N o
ult)= {o tco
1 tyo
u[n]=io Nn<o
1 N o
ult+s)
-5




x Rectangular pulse ¥

X('t)z u(t—T.) - U.(t-Tz) — 3enero.| fec+o\v\3u|ar eulse.

/

X4 Wt +5) ut-s) X&)

-5 o (5

-9 ) 5 5 ° 5
X(#) = W(E+5)-w(+-5) j
Exs utt-2) w(t-) XLt)
{ | |
2y 2\ 2 Y

x(H)= w#-2)-ut-») S




=> unit step properties =

1 W) - U'®) = uw

2. WKt -t.) = ult -1e) '.g =
wlt+?) T YI))
yto) - ¢t uw _l::t:

_3/
\“\' * T l ’ ult+?/ﬂ.)
\ \

Cos (+) * ult)

M _hr
/ o/

Ex: Cos(t) [Ult+5) - u(t-5)]

ANAWA
-;UUE




<k Sir\ugoiAaJ Signals
A phase shift

(cT) X(t) = Acos(wt + @) — periodic

anguloy

amp\ i‘huie Q(eg uency =
e’ cosb +JS|'_n0
coso= Y [¢° . ")
(oD X[(hl= Acos (sn. @) Sing = '/2.5[9"'9-5"6]
N = 2JL7\' ¥ N = must be integer +o be peviadic

m
=
\¥—‘ The key to make N an in'fksef.

‘B& Impulse S'lgnal (Divac delta Signal)

(D7) - S[n]:io , Ngo |

| , n=o L i
even
o0
(cT)»  §) g 0, tso 1 S8 dt-1
0, t=o L t
avea ot (t=0)=1
to make the H,‘B
ayea = 41 S
the height must ~ n impulse Lanction A is very very small

be 1) s avea=a-L thetefore the height is very big (apetoaches o)

@ Difac - Deltn properHes :-

0 81t
O § st).dt = P constant '\ ”
@1?&)5&-1&,).0&: Pt ‘ t,|

® Slat+b)=_\_ §(t+b)
lal X(£) §(t-t,) = X()§(&-1to)

Delta (Impulse) —s step shays
00 since its =1
L §t).dt = uw 4 uk)= §&) when its inside

(, unit step dt on in"?g(h'l'i on



Example: X (£)= ) 2. g¢e-1) it Example:  X(4) = sint §(24-7)
ol
4-301) et _

= 2e = —S'n'b'T‘lS(f 'Ki:)
o 0. ] " o 4 e
xample:  y(t) =J2e". S(2t +10) .44

® = l/zg(t'?':‘)

= S 267 1 S(t+10) .dt
) 2] )

t='.;_?-_--§

Sz |8
=z

Example* y(t) = 2t%. §(¢-3)

"j(f) = 2( g)l S('t’g) ne in"?gfa‘l‘-‘on So it stuys.

Yit)= 135(¢-3)

Example: Ylt) = cos Yt - §(2t- %)

= A . -
Yt¥) = cosyt = §(£-2)

Yt = cos(d(xy L. 8(t-F) = |L§(¢-X)

2

Example: T = § a2¢* §(4-4).dt =7

_2 ]
_—_IEl \ shifts o +he ::

cight by Y which ~|'o . o
is outside the limts
of in'}'eg(‘a"'ion.

10
, 2
Example: I = § st 'ﬂ%'“ = 7
Since t =Y is inside the
integration limits, we can use
the. pooperties.

= 2(y* =[3n




&« Red'angular Signa| — vect (—'_%)

rfect(£)=J1, -T<t<T
0, othefvise L

slA
»iH

)
_Jedt =3e

Ex. _gae cect(L).d% = 2,

L—) fect Lunchion juct Changes the
limite of the in'l‘e_gro&m.

<K Sisnum Sijnotl — S‘J“ (‘t)
Sgn({;): -1, t<o

o, t:o
1, t>o

(o)

_E_X_I Sgn (-3) = -) _E_Z_: Sgn (o) =
EX: sgn(z) = | Ex: sqn(x-3)

em—

= SSW(O-“‘{) = I

A+ jw)t
% Complex exp. Signal — x(t)= Ae( )

[ ! l
Sinosoidal Dc signal

Real exe
at at
e

N vad
OV
‘C' w=0 , a=0

((A:o - A - A(coswt+isinwt)
X(t) = A

Al

CW: (o)

— Dampeo( of (‘aised SinuSoiolaJ

e
ayo € aco
vaised signa| Dam ped. signal
—L Ul




3 Sinc Signal = Sinc ()
Sinc (at)
¢ e @ x(€)=0
‘ 4 S;'\C (&) = s;ni'_elL
t
(—4m,0) o~ (—2m,0) (4n,0)

e S g -5 / 0 \( (211,0)\5‘/ o ——"5 —

|

. i =+ N/
Example:  ginc(yt) t £ 17

EXalee'- Sinc (4¢) red( %) t= = ﬂa:

.y
2
™
! T=-%
4
C)—m—mm 11 . "'I< t(I
x 2 2
L=T o , otherwice
+« Ram? Sisneﬂ
vie) =1t , t 20 ‘/
o, t<o |

mll””

‘[nl=13n, n o
0, n<o i

£ d o) = uld) x & vie) = S
P ez

t
% ) Wdb - )



@ueg‘Hon: USing Change o vaviables and +he properties of the unit impulse Lunction
the value ofF _S;S(G.t-b)ﬁﬂz(t-"l)-ou', and ayo is:

[
S 5at - b)sinlte--dt = S Lg(t-g) sin"t-w) = Lsin*(k-4)

Question: Given a signal f(t) = Hults+3). Evaluate 3 B(+-1) §(-2¢ +6) 41

\v
CPle-1) A §lt-3) dt = L R(3) = 1 £(2)
-0 -21 \,:(,_3 2

-"—\2-(“’(,((5)) = 2

@u€$+ion: The Su’gna, 3({:) = S)gn(sir\lf)) has the s]ﬂope:

yit)

v

@ueshont The S'igml —P('('J =u2(21‘;-2)§’(4-3£) can be GKP@SSPO( as:

P(+)=_|'_3_'.uz(2e-2)£(f-s) = LS3)

Question: The Signal x@)= w(2-t)u(++2)

m(2-v)
* -
2 -2 -2 2
- +
= rect (T)
Question - DeCompoS'e x(4) = Ut) inte odd and even com ponents —
Xe (t)= LIX(H+X(-+)) X, (4] = 3L[x ()= X(-®)]
= Jz_Zu(~l—)+MC-{-)] =é[u(_f)—u(—t)]
= J2- = —é- Sjn (£)
utt) U

N

S S Ult) = v o Senlk)




X SSS-'-QMS :

System properties - X{) —[H }— yt)
— Lineay and non-linear
- Stable and nom-stable

—CO\uSGI and non-<ousal

— memory and memoryless

— Tnvertuble and non- invertable

- Time - Tavariant and Time variant.

Stability :- (stable / unstable)
W §y$+€m is BIBo — The S'gS"'em is g'f'o«b,é

L, Bourded Toput - Bounded Output: For a stable Sys'f'em
OM+P'4+Shouu be bownded
for bounded input for each
and. every istant of 4ime.

Bounded = Fom -0 to o Yhe ‘amplitude
of the signal is ‘Fini"'e

ﬁc( exam O\E : dec signa] — Yylt)-6 Bounded
QDCFUQ Sin(t) awd cosl(t) Bounded
':_ M(i)/, unit step Bounded

ex: YM&) = £.x(4)
/;npu"‘ output
XH) —— Sys. — Y(t) = t -x(¢)
Ult) — Sys. —s £ - w(t)

J = (Lt)\)unboundeol V ’
Bounded .. Sys  unstable }




X (%) — SYS. — j(‘l’) = X(+)+2
Oc

y(t) = x(¢) +2
De—> Y  _5sus. —» Ylt)= Y+2
= é<\) Bewnoleul

ex:
Bounded.

. system stable.

t
Example:  y(t) =_§ X@)dT , %)= cost)

smt - sin (-w)

<
+t
y(¢) =_fw Cos(z)dz = [sinz] =
= Sint + Sin(0)
con be
not defined assumes.

ytt)
but -l sin@)g |
—

A Ssinle)g )

lasmmeA\L» Sineeo) ~
Sounded

So ylt) is Bouﬂd@d , and inpu‘f' Coslt) ig F»ovmdei
So boun ded inpu"' bounded ou’(‘Pu“' SgS“fem S+&H?-

YOl = ¢"xrm

Example:

¥ - gfowing , v > |
decveasing, -1<v<)
if r=3 xCn) prd 7 W <ol KCn)
27 \
2 Sn
Py S
// /‘ \\\ \\

n — (- n

S System is unstable 2 system
(goes 4o w). is stuble

K Y = blim yt) = [J 2 Baite number — stable
-0 \\ o0 — uns"l'alale



memoyy .- (memovy / memoryless)

i y(t) and- x(¥) depend on the same Hme — memoryless
if ytt) and X(t) depend on different time — memory

ex:
ex:
ex.
X!
ex:
ex:

ex:

yle) = x(¢) — mewory less.

yk) = x(t) + ) o memoryless.

yl) = X(t) + X(t?) o memory.

Yy (t) = éhqx(t) — mewmeryless. (we only care about whats inside X).
Y(t) = "f(K(t+2)) 45 3 memory. > Becauwse ylt) — X(£+2)

o2,
yt) = _&Xf‘t) -dt — memoYy.
ylt) = X(Sint) /\ Always when there is integrotion.

t =0 t-K
Yco) = x(sih ) Y(x) = X(SinK)
Ylo) = X(o) Y(%) = X (o)

= . memory System.



Lnvertuble / Non-Tavertable

X)) — 0 > Yt~ y) —f0 X )

one to one wmapging: invertable J

T

%% i) >» 'PO( invevtiple 555""(’//'\, theve
should be one to ene moypping
many to one moapping: between input and owtput of each
andk every ingtant of time.
-
%) yt)
e yt) = X' (t) ex. Y = \x(t)|
X)) | Ye) X)) | Yy
-2— 4 -2 —4—2
- L2
2~ .. non-Tnvectuble. 2 1/
2) 7/
-2j7]
ex: ylt)l= X(t)+2 . non-Invectable.
X)) | yi) ex.  Ylt) = LS x(t) -5
6 —1>2
|l —— 3 . Invertable. X(t) = _‘Ji‘)sii — inVv
-l 1\
x(t) | Y&
ex:. ylt) = Sint. x(t) | — -35
2 — -2.5
Xtt) 9“'-) Sin(o) o—p -5
1943 y(ﬂ=sin‘5'£(¢) - S(f-g)‘,-b
= __C__-'E v_\ - Invertable.
x4 - £(E-t) = x(4,)-8e-¢))
25 y(t) = sint - 28(+)

=0
- non-Invecrtnble.



ex: Yl = Sin(x(s)) ex. ylt)= xit) ult)

X)) | v non- Invectable.

6 —p Sin(o)=o
A —pgin(X)=o
2K — Sin(2%)=o0

. non-Invertoble.

Causality (Caufal / non- Causal)
Causal sy stem: outeut of +he system is independert of Puture values of output.
ex: Y& = X(8) — causal system , Because output depends

only en the present
M te Luture

ex: Y#)= X&) + X(t-1) — causal system , Because output depends
only en the present

and past only.

non-Causal system: output of the system is dependent of Puture values of output.

ex. ‘j(i') =Xx(H#+2) — nomm- causal

ex. X(t) « X(t-1) + x(t+1)  __5 nen-Causal

Note: if the output depends on al least
L non- Causal input thea the whole
system ig pon-causal-



Example: y(t) = x(3t)
‘t = O 3(°)= X(O)
£= 1 yu) = x(3)
plesent G . Puture
output inpw
Example:  yYit) = sin(t+1)- x(£-1)
t-o Ylo) = Sint1)- X (=1)
t- - y(-1)= sin¢e) - X(-2)
t yl= sin(2) - x(o)
+

Example* y&t) = _S;o x(z)dzt
QO\S‘\' é\(’u‘_ any signal KH:);

V7

S of
>V

' (-\_, present

L2 input

B\

- X(1)

@ t=o0
t-@the

Xlt+1)
2 pregent

s+l

( X(t)dv

y) =
—“\_/\- x(—M_L/past

Example*

s 53$+em nen- Caus‘a.l

X (3t) @Lt=| — >é(z)
(esent Lutave
f x( X(37) v ‘ ‘

k—~ X(=00) gast

xam

sjs'l'em non- CauSal

.- System non- Causal

2 System eonly depends on
past inputs at all ingtances
So system is Causal.

#The integfation is the avex under the
curve, so in thic cuse the area depends only

on the past and presevit values of .

the system is causal.




Linearity { Linear / non-lineax)

Lineas Systems: The Sgs'"'em which fllows the orinciple of superpesition is

Known aS§ a linear system.

SMPC(PO;'«"H on :

1. Additivity property:

» Y.(t)
y Y, (¢)

X ) —

Xi lt) —

X6+ X () ) [, ut)+ Y, (4)

¥ i we provid the input Xi(4) + Xo () o the system and

got an outpul of y,(t) + Y, (4) then the system is following

the additivity praperty.
i F(h+ %) = Fl)+Fa)

2. HOMOgenei'l'j pr‘oped-y:

X ) ) L, Y.(t)

axlt) | |, AUt

# if we mukiply the input by a constant and the output of the
System is alse multiplied by the some cmstant then the system

is following the Homegeneity property,
if Fla-x) = a Fx)

a4 on15 when the system is —po"ow;ng bath greperties
we say that its linear



Example:

Example:

Yyt) = 4 x(¥)

Xilt) — 4 x(E) = Y, ()
Xa lt) — Y X (+) = Y, (4)

bXa(t)|- Yb Xo(t) =|bY, (¥)

L Xz (t) = ox &) + bX2 (+)

The Some, & System
is lineavr

yit) = Exi¢)

X|£+) - bXI (_‘t) = 9, ('l')
Xo () = T Xo (1) = Yy ()

a X, (t) — 4"'_X|(+) =

r ﬁ‘.’l(ﬂ_'_
bXa(t) > bt Xa(t)

b Y, (t)

Xp1t) = AX, () 4 bXa(t)

Yg(4) = t X3(t)
= t(ax )+ bxa (1))
= at X () + btXa (+)
= OY(t) + b Yy ¥

(C ay, i)+ by, (&)
The same .. System is

linear

aXi(t)|— HaXi(t) ={a ¥ (¥) |=p aY,(+)+bY, (t)

3;(+)= VXgl#) = q(QX|("7)+bX3(+))
= Yaxit)+ YbXa (4)
= a Y, ¢ by, Le)

—

Example: y(t) = X(¥)

Xil#) — K(#) = Y(t)
Xald) = X3 (£) = Y, (+)

AX,(H) — & XilE) = oY, (+)
DXalt) o bEXILE) = bly, ()

X;(‘(” = aXit)+ bXa )

Y5(8) = X (£) = aPX () + 2abX, (D)Xalt) + b X, (4)
= ayl(t) + 2abX(t) % () + b* Y, L)

<‘ 6%y, (£) + by, (£)

L System s
non - \ineovr

No'l‘ 'Hle Soam e



EXalee'- ylh] = 2x[n)+ 3
X,[n] — 2X|[n] +3 = U|[V)3 X;l’n‘_\ = aXln)+ bx;["]

%aln] — 2 %0In)1+3 = Yy,(n]

2 (aX,Cn]+bXan]) + 3
2ax.).'n1+ 25)@[’!} "’3

ay,[n]+bYynl /&t t+he Same ,

~. System is non-linear.

a%in] — Q(2XID’]+3) = aYy [n] T
bX2[n] — b (2X2[n)+3) = bY,[n) Ya[nl = 2X3[n] +3

Example: Y(t) = X (sint)

Xilt) — X (sint) = Y, (t)
Xg (4) = X (sint) = Y, (+) X3t} = a X, (X + bxalt)

axn(¥) o ax(sint) = ay, (%)
bXa () — bXa(sint) = by, ()
Ys t) = &X (sint) + b Xo(sint)
=AYy lt)+ by (H

Ay, +by, £ / The same, . system is linear.



Time Varient and Invarient systems

y(t)

X(¥) L Yy-t.)
if both are equal
X(t-te) then syS'f"em is
I (t) Tnvarient.
22t
Example: Yy(t) = & x (t)
3T('L')- e Xl.t "70)
ylt-1t,) = 2 (&-to) X(t-t) not the Same . Time Varient System.

Examele'- Yit) = Sin(¢)

3-,—: Sln (t tO
Y(E-te) = Sin ($-to) }\, the Seame . Time Invarient Sgs+em

P

Xam Y= x(2t)

Ylt-4.) = X(2(t-t.)) = X(2¢-24,) ]
X(t-to) o Sys. — X (2t -¢0) net the same - System

L Varient
The system Scales
1’1‘\8 time.
NOTE: NoT x(2(¢-to),
ﬂ»e system only

?ef‘PDrm tme Scaling
on t pet ts whichis
cons taut

Example: Y(t)= 2X(t)+5

Yl -+to) = 2)(('t—'bo) +5
X(k-ts) = 2% (t-to) +5 }\, the Seme - Time Invarient SgS"‘ih-

—




Question: The system described by y()=tx(t-1)+X(28) is

with memory , Non - Causal , ond Time Varying.

X(-to) o € x{t-to-1) + X(2¢ -15)
9“.‘-to) - (f-'éb) X('t‘- to-1) + X(2+¢ —zto)m
net the same . Time Valying

Question: The system described by Y(t) = Cos(t+1) x($-1) is

X, @) = cos(++1) x(+-1) = 9, () a X\ ) o q cos(t+1)x(+-1) = ay, (1)

X (t) = cos(H+) Ry (t-1)= Yo (¥) b X (+] =b Cos{t+1) %5 (+-1)= b Yo (¥ *
X3(t)= ax () + by () Yp(+) = Cos(4+1) (ax.(+—l)+bxz(+-l>)
= alos(t+1)Xi(+-1)+ b cos(t+1) Xz (4-1)
= aYtt) +bYy ) the cume
o lineavy

Linear, Causal, 5+a|o)€, Time varient

\2 not

the Same



X LTI systems

LTI |, yw)

System
~ impulse response

Xt |

DT
XInJ
‘ 2
t
[ .
. l
-2
an]g[n+2] = XE-Z] = 2
XCn3SCn+t]= x-11 = 1"
xfn1§ln) = xCo) = 2" X = Xl SLx+2]+ xIn1STx-1] ...
X[n] 8Cn-1) = xC1] - |: total
X[n18[n-21 = x[2]1 - -2
¢ any DT sisnal can be written
- in tefms of impulse Bunction.
In geveml: Xx[n] = K%—OOXEK] S[n-K]
X, ) ——| |, y(4)
Xy (£) —— — Y, (¢) must be true to be lwmear
LTI
XN+ X t) | LY+ Y, (4)

Example: X3 =2 SCn+1]1 + S[n] - 48Cn-2] =

l J !
X(-13=2 Ko) =« xL21= -Y
xEn]
2
I
-\ ! B8 n

-1



® XM LTT y Yln)

k. The action that

the system does
on the input X[n)

= YyIn] =K_Z_£Ek3-h [n-%)

o (1ot important)
Y] = H [xCn1 ] (De(ivation)

o
yri = H[ > X[K] §[n-n]]
= " (constant)

4= = ‘ﬁx\m S[n-«1]

= -0

x

S x0n) H[S[n-K1)

K= -00

h[n-Kk]

impulse (esponse )

* Step (esponse — The (esponse when we have o steg input.
* Impulse fesponse —s The response when we have an Impulse input.

X[n] LTT > Yn) = 3 ALK)-h[n-%] = X[n] * h(n]

K= -00

Example: Find yrnl, if hln] is an impulse response

%f"] \

nin)
-\ [ 2 n

»\~

o\~
»
——
=3

—_
.
L on)-
-
[—

00 2
ynl= 2 X[k]-h[n-k] ——s Y0}z 2 X[k].h [n-]

K= -00 K= -1

.
— Shift
L
ﬁ R
Ll

o=
.
G
w

-1



- KkK=0
X[0]8[nl=1 | L
L L 3 n
’ al ‘ 2 Iz = "{]
X
[ ° 1 l 2 o
=L
2
— k=1 X[11SIn-1]=] hln-13
\ |
\ L |
J; ] ‘ I 1
X S = |
| S l Y \
-L
2
—k=2  x[2]8[n-2]--L hln-2]
|
' L
— p L
l"z" A 1 3 3 5 - z
o L
2 Y
* Now we Sum all the values at each[n]
so we can dvaw the fLinal YEnd
— 9["] =
n=-! -— -‘/2+O + O 4+ O =“/2
n=¢0 — -l + Y%+ o + o = -34
n:1 — b+l + Y% + o0 = 32
n=2 — ’[/2 - '/‘-l + |- %/ = o
h=2 — o +ly=-ln -lp= -3
n=Yy — 0+0+'/2+(/q:.3/c./
n=5 — o + 6 + o0 =y = -l




Example: GCiven the outpul of LTI

= Y = XDn) + LX[n-1} /,

hInd = SLnJ + Y SCh-1]

Lt xpn1 = S[n) hon) = J | n= o
% n= 1|
o, otherwise

Determine the output of the system due 13 the fllawing input ?

X[nl=4 2 n=o
Y nz |
-2 n= 2
o , othetwise

X3 = 28[n] + Y4 §[n-1]1 -28[n-2] —@— YLn]

yInl = 2h[n]+ th[n-] - 2h[n-2] — Ytnl= Z XDKIhDn-K]

ynl = 2[ §Cn) + Y% §Cn-0] « YLSIn-11+ Js §[n-2]] - 2[§Ln-2] + 4 §[n-3])

= 28n] +S[n-1] + $§n—1T1+ 2 S[n-2] -25[n-2] - S[n-3]

= A8n]+ 550n-11 = S[n-3]




Convolution Sum:-

X [oer]  NEd= = X[n] he-k)
= X(n] » h[n]

convelution steps:
L ‘Po'd.lﬂs h["K]

N Sh#"ﬁns hln-%)

|, multiplying  XCn]hn-X] = h(n-k] x[n)

u,guallg
dene bgeﬂ:ef< 2
5 Summing ioo x[nJhn-k]
K=-

EXalee'- l‘p the <ys is LTI Lind ldfnj o

XCK] h[wW] -
\ 3 ‘ ':jfn] =§ X[-n_] ”\ED-KJ = X[n] * h(n]
] ? l K= -00
AR :l e L
1 > flding a2 13 2 > shifting 2 93
Rail Rail
2 -l o 0 n-
2 ord pn «=2_ and shift
with (n)
3> multiplging 9 93 :
AR
In] = n-2 Nl n ® -1 o ![ am
N<-1 = Yml=0 -
Nn=-1— YIn)=3x1=3 H=> Summing
n:0 — Y[nl= 3x0 +2%|=2 3
n=1 - 3EVI]= 3%-1 & 2xo + 16\ = -2 2
n= 2 - 9[”]:3*01—2*""?(*0:—2 ‘
n=3 > ynl= 3rx0+2¥0+|#¥-[= -I 1. 2 3 4 5,
n>3 - ynl=o R \ } l-.
-2 2



EXGMQIQ'- Fin yInl = uln] * wln-3)

—-—
cl—e

1-> 'pow.ir\g 2 shifting

|———o
-

-3 - ns nYn3n2ain

L
W f—e
cf—

3 — multiplying
\ |
n-J l’]‘l ﬂL n-2 'I-ll;. : -x l ] i[.-
n-32 <o n<3 ynl =o n<3 - g£n3=£a
N3 yfnl=l#1=1 ny3— 3[n]=K_Z X[ hn-xJ
n=4 ynl= |#1+ ¥l =2 n':
n=9 y[n]:l&l+l*l+lr\‘l=3 =,§l = N-3-o+l
n=6 YInl=lxkle bl 1A+ Ix1=Y 2 n-2
H4H— Summms
t{
2 3En]=f° r n<3
2 n-2 ,nz3
1
o | 23 45 ¢



0 [
Ta €T: Y@= X *hit) = § x(Dht-D T o I xt-7) h(1) d¥

K—— depends which one
is easier to do

Example: y (1) = [w(t+3) - ult-0) ¥ Wit +4)
Commutative p(ope{i‘g

x(t) hiv)
| ]
3 t o Y
1- '?olding 2 — Shifting
h(-T) hit-7)
1 . ‘ ]
-4 o o t-"‘l

3 — Multiplying

hit-T) x(t)
‘ |____‘ e 1
*

o t-d /_/Cw
|

1 — 1
“Y<- )= S xmdt - § dv = 1-¢3) = 4
t —t<)3 y( ; () d 3 d ) 5o
! 1
_ _ Y [
t 125 y(t) t_Sqalr L, lbfé't ¥) e s

t-4>I yl(t) = o
t>5




Example: fet the impulse response of LTI system be hét) = &'uct) , Find ytt) i the

input is  x(t) = wl+)

—Jurr —

h()= & U(t)

1— 'pololin h(—’t’) =_(ér{{(—7:)
|

ht-t) - & uls-b)
i

t<o y =0

to_t-7)
tyo yt)= § & wlt-t) # | 4T

y) =

ylt) = { o-t
1-e

t D)
e

x(T)
\
T
—t-T)
2 — shifting h(t-t)= e Ww(T)
|
t T
X(T)
\
T
{0
|
/|
_;/
(-, t o (v
e L
-(t-t) (t-90)
e - e
-t



Example: Given two continuous time signals  x(#) - et and g(‘l’):ézb which exists
for t>0, the conwlution Z(#)=X(t)* y(t)
-2t

1_’ 'polo(ing 2— SL\;“'ing
‘ yer)= ot yrt-t)- o 2
t
1> Mul"h(lgmj
-2(t-1)
9[t—t)=e &T
_/[ %
t
€
- -2(£-T)
git= § " € T
t
= eT ;2¢ i't
% -2t
Foet )t L e (1)
-0 t -2t



Inte(Connec'ﬁons of LTI SySTefnS

Distcibutive property

B g Nl
X — GS—'S = 1 + N2

LTI Xy

ha (¢)
o 9 = (X"'h.) + (X* h?-)
= X* (hi+ hy)
Associative P(’ope{'l'y
X *h

i
X h hi—Y = x—)l hy ® hy 9

= U= )(*h.*hz

=(X*h)* hgy
= X*(h*hy)
Commutative proper i‘y
X*h = h*x
SUT) * h(’ﬁ') = ;‘l(‘bL) 8({') * Someﬂ\inj = Someﬂ‘mg
Example:
X— C O— Y
™
© @
x_—’lhr_ﬂ'zlﬂ—(fiy X I (neha)* hy T’
®
X [Cnth)* hy]-ht >4 y= ([(hwhz) *hy] -hy) X

L

fesponse..



YEARS: Tn the system shown below. let h,(t)= hy(t)= S(t-1), hyl#)= Sign(t).,
l’)q(f)= (4((1‘:), hs(t) = UE-1). The total

impulse (esponse h(t) of the system is?

Y= "’h“)‘l5 + "lzh_g*hq
S(t-1) *ute-1) + §(+-1) Sign(H* w(+)
|

S(6-0) ule-1) + @) *§(-1)
w(t-2) + u(t-1)

"

«<
|}




LTI System properties
[ 5 Memoly , Memoryless
|, Cousal, Non Causal
___, Stable, Unsable
|, Vavient, Tnhvarient

‘]_, we only study LTI systems go theyTe alveody checkied.
|, Linear , Nonlinear

|, Tnvertible , Noninverfable X

1. Memory , Memoryless

— LTI is said +o be Memoryless ifF = its impulse cesponse is delta Punction.

h(t), h[n] L;Time constant
h[nl = c $Ln]
h(t) = cS(¢) ; C: constant
h®) = 30 () Meworyless
hin) = S[n]-r | Memory
h[nl= Sinln+7] §In]  Mewmoryless
(» Sin[o+7] :constunt
2. Cowusal, Non Causal
LTI causal—s 4 h[nl=o , n<o
hit)=0 , t<o e No negative Values
hCn} hn}
ufnl ULn -]

Causal Non CauSal



3. S‘f'abil'ff'j

T S h)dT # = w

OT: ﬁ hikl £ * o0

K=-v0

V M T

goes 'f'o

Example: hit) - 2™ U(t+1)

Example: h{#) - 3.2¢" w(t)

1

-

Example: het)= &t (-t

—

memorY ; Because it’s ndt in the format of

o - Stable.

c§(t)

Non - Causal ; Because there ave negative values.

S'hxbie; Because qoes to 0.

memoy ; Because it’s not in the format of

c$(t)

Causal ; Because there ave no negot(‘l'\/( Values .

Unstable; Because it oces to oo.

memoryY ; Because it’s not in the format of

c$(t)

non - Causal ; Because there ave negative values.

stable; Because avea is going to be a number (not o0).
e



Example: h#) = & cos4) vect (L)

Rianane: i

SN\

St g

memorY ; Because it’s not in the format of | c §(¢)

non - Causal ; Because there ave nega{':'\/( values .

stable; Because avea is geing to be a mumber (not o).
—_—_——




VEARS Jet yinl dencte the convolution of hinl and qfn], where hf’l]=(—2‘-)zutn] and.
9fn] iS o <cousal Se€Quence. if Yyl =1 and yr1)- ‘z"’ then 9f1l = 7

V) = hind * gli] = 5 hilgLn-x)
Yinl= h[o] 9[n3 + h[t3gCn-1] + h[2]3In-2] -

Y[ol= | = hlo3 glel + h[13gC-13+ h[2]9C-2 --- gC-0=g[-2]= o
Y(1) = 0.5 = h[o)gld+ h[1] gle] + h[2)9L~I] -~

|

]

— Causal

| = h[o]j[o]

o] = -‘—- = ._,_ =
gt:l hE°J l/q LI
05= hlo]gqli]+ h[3glo]
0.5z -'q gE!]-f—‘,;f‘l

gfl = -2



