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2. a9u Fourier transform W5auy3answ X(eja’) a3ty ousia il (3 AZLUY)

x[n] =1+2cos(2nm +%) +2cos(dnr)
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4
3. A3u1 Inverse Fourier transform mﬂdﬁ/ﬂ;ﬂgﬂmﬁﬂlﬂﬁ (2 AZLLUU)

X(jo)=no(w)+27n0(w—27)+27n6(w + 27)
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4. M1 Inverse Fourier transform 1a3dtyey1ns X (e’®) (3 AZLUY)
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Aaui 2 (14 Azunn, 14 1losisua)

Ada - ﬁww%’unnﬁnmulu@awﬁ' 2 lwwdesy lagldanse 5.1 uaz 5.2 lunanuwan
winsiu wnl388u exdiaidudiaaufifia fhulieauazgnead
1. 29w x[n] lagldansedieg ddmuannliluniasuan lefwua Fourier transform @4
JUN3 (5 AZUUW)
1 sin%

X(e/?) = e | |t 5mé(w), —m<w<m
Slle
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2. 9am y[n] vesszudlerwua  h[n] = 0.5u|n] wez x[n] = &[n] + %6[n —1]
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3. fmuadanm Hy[e“] 398 cutoff frequency 7 71/4 usz block diagram v8932uua3Y
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aawil 3 (15 aziun, 15 1 a1aua)

1. AMUAL9AINIIANTRT Bedsznaudin RC Aauastlug? 3.1 Tan v, (1) (Huuseduending

WAz v() \HULNAUBUNR

v(t) -0

a } 4 =l [
Wald KvL ANNITOLTBUANNITAUNU

av, (1)

v(t)=RC=" 4y (f)

dt

1.1) 23U frequency response, H(]w) AT impulse: response, h(l‘)

(7 AZLLUL)

(3 AZLLULW)
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i o a _ -at 3 «
1.2) Wanvualddunn v(£) = e ammauatm 1ovine v (7) (4 AZU)
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2. fuualdl LTI system Teadunalae difference equation (7 AZULUL)

yin] +gyln — 11 = x[n}

RdRRUADNAR LT

2.1) aam1 frequency response 1835z H(€'“)

(2 AZLLUW)
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2.2) aunuaNIReLAURIIesszIL V[ 1] WeBunnne (5 ATLLLY)
x[n] = [ : jnu[n]
2
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ATANWBIN
aasnsuiiv

o o]

yinl = D xlkl hfn - k]

2]

y(t) = f x(D)h(t — v)dr

—0o

k==
[o o]
x(t) = Z akeikwot a; = lf x(t)e—jkwutdt
k=—o00 Tl
. 1 .
x[n] = Z a,elkwon U = Z x[n]e=Jkwon
k=(N) k=(N)

H(s) = fh(r)e‘“dr

H(z) = Zm h[k]z—*

- 00

H(w) = fh(t)e‘f“’tdt

H(e/®) = }: h[n]e~jon

1 . -
x[n] =§E2£ X(eJ )el dw X(ejw) — Z x[n]e—jwn
i x(t)=% J X(jw)e® da X(jw) = j x(t)e ot dt
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PROPERTIES OF CONTINUOUS-TIME FOURIER SERIES

TABLE 3.1
Property Section Periodic Signal Fourier Series Coefficients
x(t}] Periodic with period T and a
y(t) fundamental frequency ey = 20T b
............................................. -
Lineanty 350 Ax{s) + By Ay + 86, e
“Tiree Shifting 352 X1 e} - g e T
Frequency Shifting oMt x(1} = @M 4(1) aim
Conjugation 356 ) [
Time Reverxal 353 x{=f) ) ' a &
‘fime. Scaling 354 xlat), a > () (periodic with period T/a) ay
Periodic Convolution [ x{e)pf — 1)dT 1a.b,
T
Muttiplication 355 0y ’:i aby
L 2w
Differentiation 1":(,—’) ykonay = ;&—T—-a.
. ' (finite valued and 1 )ﬂ . ( _ 1\,
Integration [ (nds fic omly if ap = 0 Tl J ! jb(2:r}T))
@ = a,
Refa} = Refa_s}
Conjugate Symmetry for 356 x(¢) real + $mla,} = —Omla.}
Real Signals laid = la-d
»'(dy = ¥a ¢
Real and Even Signals 35.6 x{t) real and cven 11y veal md even
Real and Odd Signals 356 x(r) real and odd .y purely imaginary and odd
Even-0Odd Decomposition x,47) = Befx()} [ x(7) renl] (Refar)
of Real Signals {xam = Odix(n} () reall i9rvias)
Parseval's Relation for Periodic Signals
= j wPds = S Jadf
LR
TABLE 3.2 PROPERTIES OF DISCRETE-TIME FOURIER SERIES
Progerty Periodic Signal Fourier Series Coefficients
xin} ) Periodic with pediod N apd ax } Periodic with
¥{n} | fundamental frequency wy = 2wiN b, | petiod N
Linearity Ar[nj + i)y(n] Ac; + Bb,
Time Shifting xin ~ age
Frequency Shifting el"“""""' x{n) [
Conjugation x*[n) ay
Time Reversal x{~n) a-y
Time Scaling simln) < [ FHmb i nis a moltiple of m 1 (Vicwcd as periodic
1A if » is not a mudtiple of m m \with petiod mN
(periodic with period mN)
Periodic Convolution Z alelyln — r) Nub,
raf
Multiplication xalyin) S aibey
Fx i)
Figst Difference x{n] - xln - 1} (1 = g~ 12miby,,
. finite valued and periodic only {
Running Sum 2_:’ x[kit —u ) (ﬁ T, m,m’)a.
a4 = al,
Refa} = Rela.,}
Conjugate Symumnetry for afn) real .‘Im{a,} = Imfa.s)
Real Signals ag] =
H lay
Lag = ~Lay
Real and Even §ignalx x[n} reai and even ay real and even
Real and QOdd Signals afn] real and odd ay purely imaginary and odd
Even-Odd {?ccomposili(m { x.ln] = Ev{xinll [x[n] real} Reta,)
of Real Signals xiln) = Odixlnl} xln] real] j9mian)

Parseval 5 Relation for Penodtc Signals

¥ = el = 3 e

~-<N' k=i
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TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM

Section Property Aperiodic signal Fourier transforn
x(f) X(jw)
¥ Y(jo)

43.1 Linearity ax(t) + by(t) aX(jw) + bY(jw)
432  Time Shifting x(t ~ tp) 2 (§1)
4.3.6 Frequency Shifting e x(f) X(jlw — @y))
433 Conjugation x5 X~ jw)
435 Time Reversal x(-1) X(~ jw)
435  TimeandFrequency  x(af) i-"!-’x (iﬂ)

Scaling a
44 Convolution x(t) * y(t) X(jw)l(jo)
45 Multplication (B0 L J “X(BY(w - B)d0
434 Differentiation in Time g;x(t) f”-’-{ (jw)
434 Integration j Kndi ?};X( jw) + 7X({0)5(w)
436 Differentiation in tx(t) ji)( {(jw)

F dw

Frequency

[ X(jw) = X*(~ jw)
RelX(jw)} = Re{X(- jo)}

433 Conjugate Symmetry  x(r) real $ I{X(jw)} = -InelX(- jw))

for Real Signals X(jw)] = |X(- jw)|

| {Xjw) = -4 X(~ jw)

433 Symmetry for Real and  x(#) real and even X(jw) real and even

Even Signals
433 Symmetry for Real and  x{(t) real and odd X(jw) purely imaginary and odd

0dd Signals
433 Even0dd Decompo- x 1) = 8v{x(N}  [x(1) real] fﬁe{X (qu)}

sition for Real Sig- x(1) = Odix()} [x()real]  jom{X(jo)}

nals
437 Parseval’s Relation for Aperiodic Signals

I ) [x(Odt =

1 +& ] )
5 { X(jw) dw
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TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS
_ Fourier series coeflicients
Signal Fourier transform (if periodic)
Z d‘ejmt 2w Z a;&(w - k«m) Qx
Lw o ko
jout 2w8(e ~ wo) @ =1
¢ Toe o a =0, otherwise -
]
_ a = a1 = 7
cos wpt w{f{w — wa) + 8w + wg)} g, =0, otherwise
{
. E - _ a' - ’_a"l = z
sinwot 5 [8{w — wo) — 8w + wy)] g, =0, otherwi
dg = l, ag = O, k0
x(t) = 1 27 8(w) it is is the Fourier series representation for
any choice of T > 0
Periodic square wave
yo L M<T = 2sin kwoT T kT in kasoT.
=10 ri<pst S el 50 e ‘i’l—‘s.inc( °')=s‘“ pl
k ko
and kw—m
W+ T) = %)
S 80— nT) 27 3 5l - 22k a.= x forallk
ne-x T [y T T
1, m <T 2sineT)
olg wor @
sin Wt Lo L i<W
w X(jo) = {0, ol > W
r103) i -—
) 1
Jw
&t ~ ta) e —
e “ulr), Rela} > 0 ! - -
a+ ja
" ..‘,...!ﬁw .
te " u(r), Refa} > 0 TP
e “u 1 _
Rela} > 0 (@ + jw)*

-17 -



TABLE 5.1 PROPERTIES OF THE DISCRETE-TIME FOURIER IHANStUHM
Section  Property Aperiodic Signal Fourier Transform
i} X{e" )} periodic with
yln] Y(e*)) period 27
532  Linearity axn] + by[n} aX(e™) + bY(e™)
533  Time Shifiing xln - ng) FR (U
533  Frequency Shifting ™" x{n] X ™)
534  Conjugation Xln] X(e™)
$36  Time Reversal A{-n} X(e )
k [k, ifn= mitpleofk
537  Time Bxpansion xpln) = { 0 it # muliple of & X(e. ) |
54 Convolution x{a]+ln) X(e™)Y(e™)
55 Multiplication x{aly{al il;[ XieM Yt
i
535  Differencing in Time Aaj~-xn-1) (1 - e )X(e™)
535 Accumulation *Z x{k] I_I oK)
+1X(e) Z 8w - 2nk)
ta~&
538  Differentiation in Frequency ax{n] jdgj}
[ X(er) = X*(e )
RelX(e)} = RelXte )}
534 Conjugate Symmetry for ~ x{n] real § ImX{e™)} = —dmiX(e )}
Real Signals IX(e™) = |X(e )
| 4 X(e) = -4 X(e ™)
5.34 Symmetry for Real, Even  x{n] real an even Xte™) real and even
Signals
534  Symmetry for Real, Odd  x{n) real and odd X(e™) purely imaginary and
Signals odd
534 Even-odd Decomposition  x[n] = Buix[n]} [x]n]eal) Fe{X (™))
of Real Signals xela] = Od{x{n]} (x[n] real] jAmiX (e}
539 Parscval s Relation for Aperiodic Signals

Z [x{nlf?

R &

= »-—-[ X(e™) dw
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TABLE 5.2  BASIC DISCRETE-TIME FOURIER TRANSFORM PAIRS

Section :

Signal Fourier Transform Fourier Series Coefficients (if periodic)
+0
" 2wk
Z ake/l(anN)n W Z Uk(s (w - T) aj
k={N) k=-o
(a) ‘l’l) = 2em
. b , k=mm=zNmx2N,. . .
Jwgh 27 8w - wg — 27) a =
¢ 1.2_. oo ) [0, otherwise
(b) 72 irational > The signal is aperiodic
(ﬂ) wg = -z%ﬂ
o 1 -+
coSwgn ” Z{s(w —wp = 27)) + 8(w + wy — 2} a = [ 3» =tmim=N *tmz2N,...
Je-w 0, otherwise
(b) 2 irrational > The signal is aperiodic
@ w =2
o 7. k=rrtNrsaN, ..
. n ]
sinwgn —.I_Z;{B(w - wg — 27l) - 8w + wq ~ 2m0)} @ = -, k=-n-rrN-rron,..
0, otherwise
(b) 72 irrational > The signal is aperiodic
had L, k=02N 22N, ..
x{n} =1 27 8w — 27l) a; =
I-Z—w 0, otherwise
Periodic square wave
A . sin[(Zwk/N)(N; + 1)]
= it S e k2 0, 2N, 22N,
A=t < Mena | 23 ab (w_ Z;'k) Nsin[2mki2N) N, £2N,
and ke o=t o sN N,
x{n+ N] = xn] N
+0 4o
27 2wk 1
5 —_ — -— =
2; {n - kN] 5 Ews(w N ) ay = 5 foallk
a"uln], laj< 1 —-—lw- —
| —geJw
. i
xin]= I, |n =N, Slﬂ[ll"(Nl +3)] _
0, [n|>nN sin(w/2)
I, 0sl|=sW
mm¥n ~ ¥ sinc (? Xw) = ol
0 0, W<l|=sn —
<W<m X(w) periodic with period 27
8(n] ! —
| Vit
uln] ]—_—e_—jw‘ + k;u nd(w ~ 27k) -
8[n ~ ny) e Jum _
1
+ ' " A l - —
(n+ Da"uin], || < Erren:
(n+r-1 , i
e B I e ] -
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