System: _ y(t)=x(t)*h(r)
For continuous time  f (t_) = f(f’)

For discrete time f[n] may not be equal to
f[n+1] pr f]n-1]

Energy & Power:

E = tﬁx(t)r dt ——P = £

L=

h

= i ‘x[n]‘z P, = E,
n=-N

—hm”x P =

T —o0

*k — E°°
‘x[n]‘ =,/x[n]x [n] P = N 1

Periocity of Signals:

x(t) =x(t+T) for continous time
x[n] = x[n+ N] for discrete time

ej27rm — 1

Properties of Impulse Function:

1) 5(t_t())f(t):5(t_t())f(to):f(t())
2) 0(t—t)f(t—t)=0(—t,)f(t,—1)

3) [ St =10R [ S(t—1,)dt=1

[8a—t)fwade=fat,),
T Ot—t)ft—t)dt=f(t,—1t)

Ramp Function:

u(t) = dr(’) r(0) = ju(t)dt
du(t) I
8t) = " u(t) = { S(t)dt

d’r(t)

t2

S(t) = Stat) = ——5()
lal

r ([ ) derivative u (l‘ ) derivative 5 ( P )

integration integration

Even and Odd Signals:

Even — x(7)=x(—1),0dd — x(r)=—x(7)

Exponential and Sinusoidal Signals:

e™" = cos(wyt) + jsin(w,t) w, =27 f

Discrete Time Signal, Base Functions:

u[n]::zoé'[n—k]

r[n]zgu[n—k]zgké'[n—k]

Linearity:
ax,(t) +bx,(t) = ay,(t)+ by, (1)

Linear Time Invariant Systems:

The Convolution Sum:

gln]= Y x[k]xh[n-k]

k=—oc0

n+l

y[n] 201 —¢

Properties of Convolution:

Commutative Property:

x[n]*hln]= h[n]* x[n]

Distributive Property:

x[n]*(h [n]+h [n]) = x[n]* b [n] + x[n]* B [n]

Associative Property:

[ (1) hy (1) = (x(0) *hy (1)) 1y (1)

Invertability of LTI Systems:

x(t) = T x(0)o(t—7)dt

—oo



Stability for LTI Systems:

LTI system is stable if and only if

Tlh(r)ldr<oo

Unit Step Response:

For discrete time

sln]=u[n]* hin]

stnl=Y Hlkluln—k]

Fourier Analysis for Continuous Time Signals
and Systems :

x(t) = A[0] + i Alk] COS(ZTE kt) + i B[k] sin(zTﬂ- kt)
1
AlO]=— l x(1)dt

2 2
Alk] = = j x(t)cos(k7t)dt

2 ) 27
Blk]= ?lx(t) sm(th)dt

Fourier series representation

= jkgzt
x(t)=Y xlkle T

k=—oco0

1 e
x[k]=— j x(t)e T dt
T T

Alk]=(x[k]+x*[k])x2 k=0

B[k]=(x[k]-x*[k] j)

A[k]=x[0] or x[k]=3(A[]-jB[K])
A[0]=[0]

v =2 e VTK1= (b’ xalk]

Yo =50 i - [ jklwo j k]

sin@ = L_(eje —e %)
2j

1 . .
cos@=— (e’ +e77)

Properties of Fourier Series Coefficients:

Signal FSC
1. Ax(t) + By(t) <« Ax{k]+ By[k]

LN
2.x(t—1,) By xlkle T

.2z

36T x(1) <Py Mk—m]

4. x%(1) PR SEEN x*[—k]
5. x(~1) < x[—k]

6. [ x(2)y(t—7)dr LS Tk ylk]
T

7.

oo

x(0) y(0) " xlk]* yk] = D xll]ylk 1]

k=—oco0

d"x[n]

8.~ 2 (jkw,)" xlk]
o. [ x(t)dt s ——x[k]
bl JEW,

10 [IXOF di BEST Y 1 k1P
T

k=—oco0

Representation of a periodic Signals:

The continuous time fourier transform:

=)

x(t)=Y x(t—KkT)

k=—oc0

x(w) = J x(t)e™dt (Fourier transform of a

Periodic Signal x(t))

x(1) =L I x(w)e”™ dw (Inverse Fourier
27 *.

Transform of a Periodic Signal)



Convergence of Fourier Transform:

e’’ =cos@+ jsin@

le’? I=/cos? @+sin* @ =1
j|x<1)|dt<oo

Relation between FSC of Periodic Signal:

T 1 2z

e L5275 (w—w,)

Properties of Fourier Transform:

| x(w) l=+Ja® (W) + b*(w)

tan_lzm

a(w)
d"x(t) o .o
2 () x ()

Fourier Analysis for Discrete Time Signals and

Systems:
w2
x[n] ZX[k e VN

x[k]= v ; x[n]e_jkW

N-1 n

r .
Zr”=1+r+r2+r3+....= |fr¢1
n=0 -r
N-1

Zr" =l+r+r’+r’+---=Nif r=1

n=0

Properties of Discrete Fourier Series
Coefficients:

DFSC

1. ax[n]+ By[n]« > ax[k]+ By[k]

2

2. x[n—no]ﬂ—w_ x[k]

w

x[n] Drsc x[k—m]
DFSC

4, x*[n]e———x*[k]

5. x[-n] 255 x[—k]

o

Zx[m]y[n—m]ﬂﬁNx[k]y[k]

m,n

7. x[n]y[n] <25 Zx[z yik—1I]
27r
8. xln]—x[n—11¢22s(1—¢ "V )xik]
9.
y[n]= {x[n/m] lfnlsmultlpleofm} DESC y[k]zix[k]
else m
L x|k
10. Z;x[k] e [_,»32”
l-e ¥

The Laplace Transform:

x(s)z_]?x(t)e_”dt = FT(x(t)e”)

Properties of Laplace Transform:

x, (t) = x,(s) ROC =R
x,(t)«t>x,(s) ROC=R,
x(1) == x(s) ROC=R
1)Linearity

ax, (t)+bx, (1) «L—>ax, (s)+bx,(s)

ROC R NR,

2)Time shifting x(7)«—-—x(s) ROC=R
x(t—t,)Lt>e"x(s) with ROC=R
3)Shifting in the S-Domain

x(t) <= x(s), ROC =R



Sot

eV x(t) > x(s—s,)

ROC =R +Re{s,)

4)Time Scaling

x(at)(%ix(ij, ROC _R
lal \a a

5)Convolution Property

X (1) x, (I)EL—)xl(S)xz (s)
ROC =R NR,

6)Differentation in Time Domain

d
);—(I)%sx(s) ROC >R
t

7)Differentation in s-domain

L dx(s)

—tx (1) L ROC =R

ds

8)Integration in the time domain
t

jx(r)dn;%x(s)

—oo

ROC >R ﬂ{Re(s) > O}
9)The initial and final value theorems

x(0+) =limsx(s) limx(7)=1limsx(s)

§—>00 t—o0 s—0

The Unilateral Laplace Transform:

ax(t)
T%SX(S)—X(O)

Second derivative of x(t):

L{x”(t)} =s%x(s)—sx(0)—x'(0)

The Z-Transform:

oo

x(z)=Y x[n]z" , x(z)= FT{x(n]r™"}

n=—oo

Note:

5

L, [ri<1
n=0 I-r

Properties of Z-Transform

x [n]«<—>x[z] ROC
x,[n]«“>x,[z] ROC,
1)Linearity
ax, [n]+ fx, [n]«——> ax,[z]+ Bx, [ 7]
ROC = ROC, N ROC,
2)Time Shifting
x[n]«—<>x[z] ROC=R,
x[n—ny|«~—>z"x[z] ROC=R,
3)Frequency Shifting
e’ x[n]«=>x(e"z) ROC=R,
Zo"x[n]%)x(ZiJ ROC = 7,R,

0
4)Time Reversal

x[—n](‘—"‘)x(lj, ROC =i
Z R

X

5)Convolution Property

X [n]*x2 [n]ezﬁxl (Z)xz (Z)
ROC = ROC, A ROC,

6)Differantiation in the z-domain

zdx(z)
dz '

nx[n]«—<—- ROC =R,

7)The initial value theorem

If x[n]=0, n<0 then x[0]=1lim x(z)
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Table of z-Transform Pairs

o] = 27X (2)} = 55 f X(2)20 M == X(2) = Z{aln]} = X2 aln]a ROC
transform z[n] —= X(z) R,

. . zZ 1 1
time reversal z[—n] = X(3) o
complex conjugation z*[n] PHETEN X*(z*) R,
reversed conjugation x*[—n] = (Z%) %
real part Re{x[n]} =z %[X( )+ X*(2%)] R,
imaginary part Sm{z(n]} P2 % [X(z) = X*(2")] R,
time shifting z[n — no] £ 270X (2) Ry
scaling in Z a"xzn] == X (Z) la|Re

Jj2w
downsampling by N z[Nn], N € Ng PE SN ~ EN tx (szN) Wy = e N Ry
linearity az1[n] + bza[n] = aX1 (z) + bXa(z) R: N Ry
time multiplication x1[n]z2[n] P SIN 27” $ X1(u) X2 (2)u"tdu Ry N Ry
frequency convolution z1[n] * z2[n] P2 X1(2)Xa(t) Rz N Ry
delta function [n] e 1 vz
shifted delta function d[n — no] == z7 "o vz

z
step u[n] = P |z] > 1
z
—u[—n —1] = = |z| <1
ramp nun| PEEN ﬁ |z] > 1
z 1
n?uln) — (Zz(it)g |z| > 1
z 1
—n2u[—n — 1] = (Zii;;)g |z| <1
n3uln) = Z(Zztﬁ;fl) |z] > 1
z 244z41
—n3u[—n — 1] Z(Z(;__l’§4 ) |z] <1
z
(=)™ — Zj_l lz| <1
exponential a"un] = Phm |z| > |al
z
—a"u[—n —1] = hm |z| < lal
a™ tun — 1] PN Zia |z| > |al
na™u[n] == (Zaza)z |z| > |al
z
n?a™u[n) — ‘(‘j(jgg |z| > |al
e~ *u[n] = — |z| > |e™®|
z—e
. a® n=0,...,N—1 z 1—agN,—N
exp. interval {0 otherwise T |z| >0

. z i
sine sin (won) u[n] — % |z] > 1
cosine cos (won) u[n| zj; c;gﬁi‘:g’zll |z] > 1

= A
a™ sin (won) u[n] _;aacs;:(t‘)oo)i_‘_az |z| > a
z _
a™ cos (won) u[n| Z_(;a ;:?Z(OU;EBGZ |z| > a
differentiation in Z nz(n| == — dX(Z) R,
integration in Z % é Oz Xiz) dz Ry
1% (n—it1) amu[n] Z

a™m!

(z_a)7n+l

Note:

z—1

1—2-1



Table of Laplace Transform Pairs
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F(t) = L7H{F ()} = 5 timr oo [THT F(s)estds

F(s) = L{f(0)} = [13 f(D)etdt

L
GE=
transform £ P T F(s)
complex conjugation ) =L F*(s*)
time shifting ft—a) t=za>0 PRSI a" % F(s)
et f(t) PRI F(s+a) frequency shifting
time scaling f(at) =t ﬁF(i)
linearity afi(t) + bf2(t) =t aF(s) + bFs(s)
time multiplication f1(t) f2(¢) PRSI Fi(s) * Fa(s) frequency convolution
time convolution f1(t) = f2(¢) P T Fi(s)Fa(s) frequency product
delta function 5(¢) =t 1
shifted delta function (t —a) £ e—as exponential decay
. L 1
unit step u(t) = <
ramp tu(t) PRSI %2
parabola t2u(t) =t S%
n-th power " PN Srﬂ!—l
. —at £ 1
exponential decay e — P
two-sided exponential decay e—altl PRSI a22fs2
_ L
I S
_ L
(1 — at)e at e ﬁ
exponential approach 1—e ot PRI ﬁ
. : L w
sine sin (wt) = T
. £ s
cosine cos (wt) = el
hyperbolic sine sinh (wt) == 2
hyperbolic cosine cosh (wt) =t it
exponentially decaying sine e~ % sin (wt) £ (S+a;g+w2
exponentially decaying cosine e~ cos (wt) £ G +Z;L2a+w2
frequency differentiation tf(¢) P TN —F'(s)
frequency n-th differentiation t" f(¢) =t (=) F™)(s)
L
e
L
e
L
—
ety
é

time differentiation "(t) = %f(t) sF(s) — f(0)
time 2nd differentiation @) = :Téf(t) s2F(s) — sf(0) — f'(0)
time n-th differentiation Mm@ = (;% (t) sPE(s) —s"Lf(0) — ... — f(n=1)(0)
time integration fg f(r)dr = (ux* f)(¢) %F(s)
frequency integration %f(t) [ F(u)du
time inverse @) F(S);f_l
—1 -2 —n
time differentiation () PRI % + fsin,(o) + fs?_(?) +...+ ff«))




