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2. fmussruy causal discrete-time LT1 Sapmuduiiusvesdunn xin] uay 1o winm yin] wandlagaums
yinl -1/2yin-1] = xin]
9N Fourier series representation vasdtygauaning yin] Watwusl¥deyeraduns xin] = sin(37/5)n)

(1 frequency response Tneldnslddyaradunmly basic signal) (4 AzUUY)
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4. fvunl ¢(t) = xticos(t) uasmantsulasiduives olt) Ao (5 Azuuy)
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(o) {0, otherwise
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5.1 3 H{@) wag h(t) (5 AvUUY)
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72 (dgmamswaniFusuardnlviaglugy sin wis cos) (5 mzuu)
2, 0sn<4
xn]= .
0, otherwise
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8. sl LTI system @seBunelne difference equation (10 PEUUL)
yln] - 1/2yin-1] = x[n] + 1/2x[n-1]
o 3 A’
wmsuAausslull
8.1 2 frequency respanse Y835sUY HEe®) uae impulse response hin] (6 Azkuw)
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8.2 WNANIHDUAUBBITUV yIn] Lﬁaﬁuvgﬁﬁ'a (2 AzLUY)
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ylnl =I5, xlid hln — k]
y@® = [_x@h( - Ddr
x(t) =I5 . agef* @t
1 —iK gt
a; = ;f.ﬁ, x(t)e
x{ﬂ] = st(‘v, akeﬂ”"“"
1 ;
a; = _‘: X -(‘“x["] =K wigh
H(s) = [ _h(x)e~"dzx
H@ =I=_hlkz*
H(w) = _hB)e-iotdt
H(e/®) = £=_ hln]e~iom
TABLE 3.1 PROPERTIES OF CONTINUQUS-TIME FOURIER SERIES
Property Section Periedic Signal Fourier Series Cosliicients
x(l)} Periodic with period T and a
¥(r) ] fundamental frequency wy = 2977 b
Linearity KER] Ax(ty + Byo) Aa, + Bby
Time Shifting 352 xit — to) aue” N = g e VTN
Frequency Shifting oMt (1) = ¢ AHITY 2(y) G-w
Conjugation 356 x* ) a’,
Time Reversal 353 (-0 .
Time Scaling 354 ), a > O (pexiodic with period T/a) a
Periodic Convolution I x(t)it - rdr Tagb,
T
Multiplication 355 XNy i arby-¢
xww
Differomtiation %(;Q jhaoay = jk%:dn
. (finite valued and 1 1
{egriion [ 0t e oty it = 0 (72 o (o Jo
a =4,
Refa,} = Refa_i}
Conjugase Symmetry for 356 x(t) real mia,} = ~dmia_¢}
Real Signals laud = la-d
day = -€a ,
Real and Even Signals 356 (1) real and even @, real and even
Resl and Odd Signals 356 x(¢) real and odd &, purely imaginary and odd
Even-Odd Decomposition x,(¢) = En{x(r)} [x(t} real) Rela}
of Real Signals 200) = Odixt}  [xr) real] HAmial}
Parseval's Relation for Periodic Signats

=
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TABLE 3.2 PROPERTIES OF DISCRETE-TIME FOURIER SERIES
Property Perfodic Signal Fourier Series Coefficients
xinl}?a‘iodicwiﬂiperioded a.}kﬁoﬁcmm
yin] | fundamemal frequency wo = 2/N b | period ¥
Linearity Axin] + Byln] Aa, + Bb,
Time Shifting x{n ~ no} age IKIEN
Frequency Shifting g MawNm g1y a u
Coajugation x"[n} a’,
Time Reversal x{~n} a..
) . _ [ xlnim}.  if nis a moltiple of m 1 ed as periodic
Time Scaling “"‘l""[a ifmisnotamultipeof m  m " \with period mN )
Periodic Convolution > xlrisln -1l Nab
Lo
Multiplication {nlyln} > abin
bty
Farst Difference xin] — xin— 1} (1 ~ e~ 1M2wNNY,,
. 2 ite valued and periodic only’ 1
Rumning Sam ;;-x(k] fay =0 ) ((T—' ‘v_‘—-———’m})ﬂ.

x{n) real

x{n} real and even

x{n} real and odd

[ x[n} = Eo{xin}}  [x[n] real]
Xo[a] = Od{xin)} [x[n] real)

ag = a'_,
Refa} = Refa_,}
dm{a.) - —Jm{a-.}
‘rﬂgl = 3@-.1
La, = —%a_,
a, real and even
a, pusely imaginary and 0dd

Parseval’s Relation for Periodic Signals
% > hinlf = 3wl

=Ny (L1
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TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM
Section Property Aperiodic signal Fourier transform
x(1) X(jw)
() Y(jw)
43.1 Linearity ax(t) + by(®) aX(jw) + bY(jw)
432  Time Shifting x(t — 1o) e o X(jw)
4.36 Frequency Shifting i ) X(j(w ~ wa))
433 Conjugation X X' (- jo)
435 Time Reversal x(—-1) X(- ja{
435  TimeandFrequency  x(at) '—:;'x (%";)
Scaling
44 Convolution x(2) * (2 X(jw)Y(jow)
45 Multiplication XY@ = I “XGOY((w - 9)d6
434 Differentiation in Time ‘%x(t) JjoX(jw)
t
434 Integration I x(n)dt }.—:‘;X(jw) + 7X(0)6(w)
436 Differentiation in tx(t) J ;;X (jw)
Frequency
X(jw) = X*(- jw)
RelX(jw)} = Re{X(~ jw)}
433 Conjugate Sm x(1) real In{X(jw)} = —Im{X(~ jw)}
for Real Signals XUl = |X(~ jw)|
X (jw) = —~4X(~ jw)
433 Symmetry for Realand  x(¢) real and even X(jw) real and even
Even Signals
433 Symmetry for Realand  x(z) real and odd X{jw) purely imaginary and odd
Odd Signals . a
x0) = &v{x(1)} [x(2) real} e{X(jw)}
433 Even-Odd
“iton for Real Sig. %o = Od{x0) [xreal]  jom{X(jw)

...........................................................

Parseval’s Relation for Aperiodic Signals
o +x .
[ topar = o= [ gorrae

-12-



TABLE 5.1 PROPERTIES OF THE DISCRETE-TIME FOURIER TRANSFORM

Section  Property Aperiodic Signal Fourier Transform
xin) X(e"')} periodic with
¥in] Y(e*)) period 27
532 ineari ax{n] + by{n} aX(e”) + bY(e)
533  Time Shifting {n ~ no} e X (M)
533 Frequency Shifting e x{n) X(e/weo)
534 jugati 2’[n] X(e?)
536 Time Reversal x{~-n] X(e™™)
. _ [ xIn/k} if n = multiple of k
537 Time Expansion xpin) = [ 0, if n # multiple of k X(e'™)
54 j ~ xn]* yln] X(e*)Y(e™)
55 Multiplication Anlyln] % ! X(*)Y (e g
pig
535 Differencing in Time xin] — x{n -1} 1 — e7*)X(e™)
535 Accumulation D k) T—l—:,:x(ej" )
k- —e
+wX(e?) z. 8w — 27k)
R=-m
538 Differentiation in Frequency  nx{n] J !}‘-’%ﬁ
X(e) = X*(e~ /)
Re{X(e*)} = Re{X(e )}
534 Conjugate Symmetry for x{n] real In{X(e*)} = —Im{X(e )}
X(e™) = [X(e= )|
LX(e™) = ~&X(e I*)
534 Sym for Real, Even x{n} real an even X(¢’*) real and even
534 Symmetry for Real, Odd x{n} real and odd X(e/*) pmely imaginary and
i odd
534 Even-odd Pewmﬁﬁon xn] = &{x{nl} [x[n] real] Re{X(e™)}
of Real Signals x[n] = Od{x{n]} [x(n] real) JImX(e*)}
5.3.9 Parseval’s Relation for Aperiodic Signals )

S el = g [ e

rid
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TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS
) _ Fourier series coefficients
Signal Fourier transform (Mf periodic)
2 agel™ pr Z a;8(w — kwg) ay
ko —= | 2 .
s 2uB(w — wo) a =1
i ay =0, otherwise "
coswot b —-w) +owre)] 2 i
‘ a, = 0, otherwise
. z _ - al = ‘a_' - iL
sin wot 7 [8(w ~ wo) — 8(w + wo)] g, =0, otherwi
a=1 a=0%k¥0
x) =1 27 8(w) is is the Fourier series represontation for
any choice of T > 0 )
Periodic square wave
Y il &2 2sin kanT -
“lo n<is} 3 2R sw - ko ”“T‘sim(“”"r‘)s sin ko
and kn-» . T o kr
x(t +T) = x(2)
= 2w 2nk 1
.-2—:‘8('—"7.) TE.G(U—T) ay = -ffﬂdlk
L f<Ty 2sinwT;
x(t){ o [>T w -
sin Wr (L i<W _
e X(jw) = { 0 jw|>W
8(n 1 —_—
u(t) 7% + 7 8(w) —
8@t - 1) e ive —
ot 1
e~ "u(t), Refa} > 0 aTe —
et 1
te " u(t), Refa} > 0 Gijer —
e ulo), 1
Refa} > 0 (a + joy -
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TABLE 5.2 BASIC DISCRETE-TIME FOURIER TRANSFORM PAIRS

Signal Fourler Transform Fourier Series Coefficients (if periodic)
z aﬂjk(zumm 27 i ad (,,, - g%.k) a
k=(N) &= —n
@ w -3
bl I, k=mm=Nm=x2N,...
Jonn —wp — -
¢ 21’_2_.3(.. wg — 2n]) a {q e
@) 33 imstional 3 The signal is speriodic
@ @ =%
o i = 4m+tm+ N +
conaon * 3 18w — o~ 20D) + 8w + arg — 20D} o -[" k= zmzms N sms W
== 0, otherwise
(b) g ircational > The signal is aperiodic
@ w =3
‘- f'-, k=rrtNrx2N,...
sinwon %Z(&m—wo—hrl)‘-&(m*'w—h'l)} a = -'l., k= —r,—-rtN -rt2N,...
b=—w o' ' .
(b) 5 irrational 3 The signal is aperiodic
o 1, k=0 xN, 2N, ...
=1 2 - 2ul =
x{n] r'_z_.ll(m i) % {0, otherwise
Periodic square wave ;
Lo|n < Ny . _ sal@uiNXN, + 1)) oy
Al [0. M<msne | 223 a.s(«»— —;',—") a Nenowkny - % O =M 22N,
ad 4=-e a= 2t o0 eN 2N,
n+N] = xin) N
32 sin- aN1 27 &l - 22t a =  forall &
= N &, N * N
auinl ol <1 T ~
an}= { I, Inf =N Siﬂlf(Nl + z' )| _
0 inj>N, fin(w/2)
e - ¥ i (%) o Ll
o<W 0 W<l=w -_—
<W<w X(w) periodic with period 22
8[n) t —
' +0
uin] =) + kz‘wé(w - 2mk) e
8in — ng) Pl —_
. 1
(n+ Da"ufn], laj<t m —
(n+r-1 ]
I U L B e -
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