
Cou'se Instntctor: Dr A, L Sulyman

O TABLE 3.1: PROPERTIES OF CONTINUOUS-TII;E.FOURIER SERIES

Periodic Signal f,'ourier Series Coeffi cieqts
Property

.x(r) I Periodic with period T and

y(r) J fundamental frequency ao = ZtlT
Ak

by

Linearity
Time Shifting
Freguency Shifting
Conjugation
Time Reversal
Time Scaling

Periodic Convolution

Multiplication

Differentiation

Integration

Conjugate Symmetry for
Real Signals

Real and Even Signals
Real and Odd Signals
Even-Odd Decomposition

ofReal Signals

A.r(r) + By(r)
x(t - td
eiM'r, x(t) = siu(zrlr\ ,711

x'(t)
r(-r)
x(at), a > 0 (periodic with period 1nla)

lrxg)y(t 
- r)dr

x(t)y(t)

dx(t)
-dt

l' (finite valued and

.1-- 
t(t) dtn.riodic 

only if ae : 91

Aa* * Bbt
ape- ik@oto - ap- lkQnlrlt,

Qt-u
a'-k

A-k
A1

TaPl

Z o,br-,

':* ..ztr
Jk@sa1 = JKTa*

tr \ / 1 \
\Im)'r = 

\7@",n1"'
I or = o'-r

lmnioo) : &e{a-rl
lg^{orl = -!rn{a-r}
lhol = lo_ol

fno* : -q*a-t
4r real and even

dr purely imaginary and odd

&e\a*I
j$rn{afi

3.5,1

3.5.2

3.5.6

3.5.3
3.5.4

3.5.5

3.5.6

3.5.6

3.5.6

x(t) real

x(r) real and even

.r(l) real and odd

l r,(,) = 6u{x(t)} [x(t) real]
' [x,(r) = od{-r(t)} [x0)real]

Parseval's Relation for Periodic Signals

1l+€

I l,l*tttat: ) la*l' ,

I

I

I
!

I
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Course Instt'uctor: Dr A. I' SulYman

O TABLE 3.2: PROPERTIES OF DISCRETE.TIME FOURIER SERIES

Periodic Signal tr'ourier Series Coeffi cientsProperty

.rlnl I Periodic with period il and

y[n] J fundamental frequenc Y ttto = ZrlN
ar I Periodic with

br J period N

Linearity
Time Shifting
Frequency Shifting
Conjugation
Time Reversal

Time Scaling

Periodic Convolution

Multiplication

First Difference

Running Sum

Conjtigate SymmetrY for
Real Signals

Real and Even Signals
Real and Odd Signals

Even-Odd Decomposition
of Real Signals

Ax[n] + Bylnl
xfn - nol
,iM(zttN\n *1n1
x'lnl
xf-nl

I xlnlml, if n is a multiPle of rz
r1''r[nJ = 

| 0, if n is not a multiple of rn
(periodic with period n/V)

) .rtrlytn - rl
r=(N)

xlnly[nl

xtnl- xln- 1l

=r- -.- /finite valued and periodic only\

A'totl,uoo : o )

x[z] real

x[n] real and even

x[n] real and odd

f' x"lnl = 6v{.r[rz]] [xln] reall

t x,[n] = od.{xlnll [xln] reall

Aa* * Bbt
A1,4-i*QrlNlns

a*-n
a_k

A-k

I /viewed as periodic\

raar \wittr perioo rniv )

Na*br

2 o,bo-,
r=(N)

(! - e-ik?ntNtloo

Ir\
\O=aranryfr
I oo = o'-r

lR"1or1 = &e{a-*l

l!,n{a} = -{rn{a-rl
lhol = lo_*l

Loo* : -4a-t
4r real and even

4r purely imaginary and odd

Ge{a1}

j6m\a]

Parseval's Relation for Periodic Signals

-1 ;l"laF=)lanl'rr n=(iV) l=(rv)
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Course Instructor: Dr A' I' SulYman

o TABLE 4.1: PROPERTIES OF TI+ FOURIER TRANSFORM

Property Aperioilic sisnal Fourier fuansform

x(t)
vi(t)

XUa,)
Y(jco)

4.3.1 LinearitY
4.3.2 Trme Shiftiag
4.3.6 FrequencY Sffiing
4.3.3 Conjugation
4.3.5 Trme Reversal

4.3.5 Ttme aad Frequency
' $saling

4.4 Convolution

4.5 Multiplication

4.3.4 DifferentiationilTime

4.3.4 Integration

4.3.6 Differentiationin
FrequeucY

4.3.3 ConjugateSYnmetrY
forReal Signals

4.3.3 SymmetrY forReal and

Even SiPals
4.3.3 SymrnetrY for Real and

Odd Signals

4.3.3 Even-Ocld DecomPo-

sition for Real Sig-

nals

aX(jto) + bY(ja)
e- j''ox(ico)

X(j(ar - are))

K(- jto)
x(- joo)

#{#)
X(jrrt[!a[

*[- *ria,ra@-a)do

juX(joo)

lxtirl+ i7'x(0)6(@)

iftxg'1 '::: ';

X(.14r) = 7,.Fio,)
G{X(-lr.r)) : Ge{X(- j&,)}

6n{XCiro)I; 6n4X('io)}
lx(,ror)l = lt(-j(,,)| "

*XUor) = -<X(-jr'r)
Qor) real and eveu

XUro) purely imaginarY and odd

Oc{X(jto)}
jStn{x(jco)I

x

ax(t) + bY(t)

r(t - to)

ej'o'x(t)
r.0)
r(-r)
x(at)

r(r) * Y14

x(t)y(t)

*on
ft

,l -*@at
tx(t)

x(r) real

{r) real and even

-x(/) real and odd

x,(t) = 6rr{x(t)}

x,(t) :gd{r(t)i
[.r(t) real]

[{t) real]

4.3.7 Parseval's Relation for Aperiodic Signals

[.' v<Dl'at = * [:txuailz 
aa
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Course Instrt'tctor: Dr A' I. Sulyman 
I

TABLE 4.2: BASIC FOURIER TRANSFORM PAIRS

Fourier transform

Fourier series coeffi cients

(if periodic)

I a1'elk'u' 2n2ar6(ao-kao)

2tr6(a - rc.ln)
dt=1
at = 0, otherwise

COS @sf n[6(or - rrro) + 6(ar + rrro)] :'r==t:' *rii*,*

sin ar6f lta(r-aro)-6(o+too)l
J

a1: -4-1 - L

o, -- 0, otherwise

x(t) = 1 2n 6(to)
ao=1, A*=0,k+0
/this is the Fourier series representation for\

\any choice ofl > 0 )

Periodic square wave
( t, lrl< ?'

x(t) = 
f o, r, <ltl < t

and

x(t+f1: v111

) a1r - zrl ,i : +for 
all &TZ:Q ry)

o,il lx:;l
2sinaTr

(t)

sin lVr

"u,r 
= {1, l:)u:y

6(r)

I * "ru(r)J(,)

E(r - ro) ,-iato

e-o'u(t),Ge{a} > 0
I

7Tj;

te'o'u(t),&e{a} > 0
I

C+ jA

ffie-"'u(t1,
Ge{a} > 0

1

crj8
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Course Instructor: Dr A' I' SulYman

TABLE 5;1: PROPERTIES OF TTTE DISCRETE'TIME FOURIER TRANSFORM

Fourier Thansform
Section ProPertY Aperiodic Signal

5.3.2
5.3.3

5.3.3

5.3.4
s.3.6

5.3.7

5.4

5.5

5.3.5

5.3.5

Linearity
Time Shifting
Frequency Shiftittg
Conjugation
Time Reversal

Time Expausion

Couvolution

Multiplication

Differencing in Trme

Accumulation

xlnl
vlnl
axlnl + bylnl
xln - nof
eirr,t XltU
x'[n]
xl-nl
xsltnf = {;:,o'
xln)* ylnf

xlnlylzl

xln) - xln- Ll
n

I 't'tl

nxlnf

if r : multiple of ft

if n * multiPle of k

X(ei'll periodic with

Y@i,11peiod2n
ax(ei'1+ bY(ei')
,-ionoyTsjal
X(ei{'-'o>1
X'1e-t'',
X@-i'1

Xpi*'1

X@i\y@i,)

![ xet'tyki@-fl,)d.o
lt Jzo

(1- e-i'1x1si'1

--J-y1ri''yI - e-J'

+nX@to1rZu, -2nk)

.dX1ei'1
rda5.3.8 Differentiation il FrequencY

5.3.4 Conjugate SymmetrY for -r[n] real

Real Signals

Symmetry for Real, Even xlnl rcat ao even

Signals
Symmeay for Real, Odd xlnf real and odd

Signals
Even--odd Decomposition x,lnf :6vi-r[n]] [r[n] reall

of Real Signals xnlnl = Od{xlzl} [.rln] reall

I x@i,) : x'(e-i-)
I 0ngir"t1 = &e{x(e-i\l
I lrnlxqei'11 : -!n{X(e-i')}
I Ftrrll : lx(e-i')l
[+x1r,-; : -<x@-i')
X@i') real and even

5.3.4

5.3.4

5.3.4

5.3.9

X(ei') pureiy imaginary and

odd

&e{x@i\l
jgm{x@i')}

Parseval's Relation for Aperiodic Signals

,i I'r,,tl' : +l,,lx@i\l2d@

a duality relationship between the discrete-time Fourier transform and the continuous-time

Fourieiseries. This ielation is discussed in Section 5'7'2'

5.7.1 Duality in the Discrete-Time Fourier Series

Since the Fourier series coefficients a1, of aperiodic signal xlnl are.ttremselves a periodic

Sequence, we can expand the sequenca a1, rrl a Fourier series. The duality properfy for

discrete-time Fourier'series implies that the Fourier series coefficients for the periodic se-

quence a1, &tethe vatues o t (1lN)xl-nl (i.e., ale proportional to the values of the original
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Course Instnrctor: Dr A. I. Sulyntan

TABLE 5.2: BASIC DISCRETE-TIME FOURIER TRANSFORM PAIRS

Signal Fourier Tlansform Fourier Series Coeffi cients (if periodic)

a 1,si 
k(2ulN\n z,r ! np\ '#) 4k

d'o' Zr/61ta-t'ts-2nl)

2nrn(a) @o

f t, k= m,m+N,m+2N,...
=t"t 

I o, otherwise

(b) * irrational ) The signal is aperiodic

COS atron " | {at, -t,,s-2rt) +6(ro + lit-2nl)l

2nDt(4, @0

f l, k -- tm,lm!N,+ntt2N,..
Ak

[ 0, otherwise
(b) * iuational ) The signal is aperiodic

SlIl {d9n 1 I tat, - as - 2TI)- 6(ar + oo - 2trl)l

2tr(a) arO = -n-

I +,k=r,r!N,r*2N,...ar = \-+, k= -r,-r!N,-r+2N,...
I o, otherwise

(b) '* irrational ) The signal is aperiodic

xlnl t zrla6-zrt1 I t, k = o, tN, tzN, ...
- _tfil-1-

[ 0, othel wlse

Periodic square wave

I l, lrzl = N1

't"j:to, Nr <lnl=N/2
and

xln+ Nl = x[n)

zn;-o*tQ '+)
sin[(27rftlN)(Nr + +)]oo = -ffi, kt0,!N,!2N"'

nr = " t-,i t ,fr = o, tM tzN,...

! a1n - av1 T E",F "+) c* : f foraltk

a"ufn), lal < I
I

T: arl;

,r"r: 
{;: |li;il

+ = 4,i",(#)
0 <W <rr

f t. o-lol <l{z
Xb\=l

I O, W <lt'tl = n
X(r,r) periodic with period 2zl

6[n] 1

ulnl -1- 
+5 ffi(,,-2rk)

'l 
- o-)a L

l= -o

D[n - ns] ,- iano

(n + l)attufnl, l"l<
I

6=;7t;9
(njr-,lJlo"u1n1, 

lal< lnllr - t)l
I

(=;7t;v

48



Course Instructor: Dr A. I. SulYman

TABLE 5.3: SUMMARY OF FOURIER SERIES AND TRANSFORM E)GRESSIONS

Discrete time

aL=

*olro'{i'-i^o'

discrete frequency

aperiodic in frequencY

discre_tetime <ffi>
periodic in time \r-i

ak=

f E1-a4{n1e-i*(zttvtu

discrete frequency
periodic in frequencY

fime ilomain

.r[n] = I

Z*-gyalreik(zolNln t,

Frequency domain

Fourier
Series

Fourier
Transform

r(t =
2I1-.areik'o'

continuous time
periodic in time

X(ia) =

ti xg)e-t'tdt

::::::r'"1tr" @ :g::::-'ff:Yaperiodic in time apcriodic in fre4uency

I

{r)= r

*.ljl x1d'i''a, 
I

I

x[n] =

Ih- rt"'*1"t" o,

discretc time
apcriodic in time

XQ!.| =
Zl,1-*x[nle-i'^

continuous frequency
periodic in frequencY
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Course Instructor: Dr A. I. Sulyman

. TABLE 9.1: PROPERTIES OF THE LAPLACE TRANSFORM

Property
Laplace

Signal lbansform

x(t)
nG)
xzQ)

X(s)
Xr(s)
XzG)

R

R1

R2

9.5.1
9.5.2
9.5.3

9.5.4

9.5.5

9.5.6

9.5.7

9.5.8

9.5.9

X*<,tas

lx<'l

Linearity
Time shifting
Shifting in the s-Domain

Time scaling

Conjugation
Convolution

Differentiation in the

Time Dornain

Differentiation in the
s-Domain

Integration in the Time
Domain

a4Q) + bx2(t)
x(t - ts)

e'otx(t)

x(at)

r'(r)
4Q) * ar111

d
atx(t)

-tx(t)

x(r)d(r)

aXy$) + bX2$)
e-"oX(s)
X(s -.re)

fr" (;)
X'(s')

X;(s)X2(s)

sX(s)

At least R; f).R2

R
Shifted version of R (i.e., s is

in the ROC if s - ss is in R)

Scaled ROC (i.e., s is in the
ROC if s/a is in R)

R

At least Rr n R2

At least R

R

AtleastRn{0e{s}>0}
l_.

9.5.10
Initial- and Final--\y'alue Theorems

If-r(t):0fort<0andx(t)containsnoimpulsesorhigher-ordelsingularitiesatr=0,then
r(0+1 = lim sX('r)

If .r(t) = 0 for t < 0 and x(l) has a finite limii;ra, co, then

limr(t) = limsX(s)
l*x -' .r+0
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Course Instructor: Dr A. I. Sulwan

r TABLE 9.2: LAPLACE TRANSFORMS OF ELEMENTARY FUNCTIONS

Tlansforu
pair Signal Ilansform ROC

I

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

6(r)

u(t)

-u(-t)
/-l

@- A'l'(t)
p-l

(tt -TT4(-t)
e-"tu(t)

- e-"t u(-t)
p-l

_:_e-otu(t)

{-l
- --l-e-",u(-t)

6(r - r)
[cos arer]a(r)

lsinarot]z(r)

fe-"t costistlu(t)

Ie-"'sinr.rqr]a(r)

u,@:#
4-n(r) = u(t)*"'*y111

z times

1

I
,t

1
.t

1

F
1

tt
1

t+"
1

J+"
1

G+ dF
1

GfiF
e-"7

J

F-ilA
o)O

s, + r-3
J+d

G+ "F fia(Do

C+"F +,3

cr

I
F

All s

Ge{s} > 0

0e{s} < 0

&e{s} > 0

0e{s} < 0

0e{s} > -a

0e{s} < -a

0e{s} > -c

Ge{s} < -a
All s

Ge{.r} > 0

Geis) > 0

CQe{s} > -a

fie{s} > -a

Alls

0e{s} > 0

:,;l'S
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Course Insfi"uctor: Dr A. I. SulyTna+

" NSFORM

PropertySignalUnilaterallaplaceTbansform

Linearity

x(t)
xr(t)
xz(t)

s(s)
Ir(s)
ffz(s)

aS1(s) + DSz(.r)axt(t) + bx|(t)

Shifting in the s-domain e'otx(t) ff(s - so)

Time scaling x(at), a > 0 :. (;)

Conjugation rr(t) r r,(s)

Convolution (assuming

that rr(t) and x2o
are identically zero for
r<0)

xt(t) * x2(t) ffr(s)tz(s)

Differentiation in the time
domain

*ou sI(s) - r(0-)

Differentiation in the

s-domain
-tx(t\ 4*t,l

cls

Integration in the time
domain

[,xG)dr
1: S(s)
J

Initial- and Final-Value Theorems

If x(t) contains no impulses or higher-order singularities at r : 0, then

x(0+) = limsg(s)

limr(t) = limsff(s)
t)6 r+0
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Cow'se Instructor: Dr A. I. Sulyman

. TABLE 10.2: SOME COMMON Z-TRANSFORM PAIRS

Signal Tlansform ROC

1. 6[z]

2. ulnl

3. -ul-n - Il
4. 6ln - nrl

5, a"ufril

6. -a'uf-n - lf

7, na"alnf

8. -nanul-n - 1l

9. [cosar6n]z[z]

10. [sinaroz]zlrl

11. [/'cosaren]a[z]

12. lt" su,ol.on)ulnj

1

1fr
I

T=V
.z-u,

1

T=A
7

T=AF
-tdz,

G"dV
-tdz'

6- "z-V

[sinaro]e-lT=6;W+7
1 - [rcosare]z-l

L-[2rcosa4]z-t+raz-x

[r sin irolz-lw

Allz

lzl> 1

lzl< 1

All z, except
O(if.m>0)or
o(if m< 0)

lzl> l"l

lzl< l"l

lzl> l"l

lzl< l"l

lzl> 1

lzl> 1

lzl>,

lzl>,

{
\

I
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Course Instructor: Dr A. I. Sulyman

o TABLE 10.3:PROPERTIES OF TIIE LINILATERAL Z-TRANSFORM

Property Signat Unilateral z-Tbansform

{zl
rrlzl
xzlnl

s(z)
Sr(z)
ffzk)

Linearity axr|;}+ bxzlril at'{z) + bt'zk)

Time delay x[n - L] z-ts;(z) + r[-1]
Time advance x[z + 1] &(z) - zxlOl

Scaling in the z-domain ei'o'xLri) t(e-i'oz)
zix[nf t(zlza)
aixln) t(a'tz)

( xtm1. n = *f S(zr)Time expansion "otrl = 
t o, 

- 
n * mk for any m

Conjugatiou x'lnl f'(z')
Convolution (assuming x{n)* ar1nl f r(z)Sz(z)

that xilzl and xzlnf
are identically zero for
z<0)

First difference xlnl- xln- ll (1 - z-t)'S(z) - t[-1]
I

Accumnlation /,rurl fp*ttl*-0

Differentiation ia the nxlnf "ryzdomain

Initial Value Theorem
r[0] = limS(z)

:+-

€
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