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5. '7l'il'tl'flUbb~~~'7lflrJ~bb'hl'hll3-Jb'Vhn'hl

~fl : (;lfl'hl :

0

1fl'U113-1 2 3 4 5 6 'j'UJ

lJIfJ'U vi 1



·•••• .ci ••• ~ J, •••••••• 'i' J, ~J,
1Jl'i)'U'VI1 ~ 6 "lJ'f)11 '"l~bb'W'W LVlLL1t~WJfi'VI1 lll£lY/13H"lf Properties LL~:; Fourier Transform Pairs

1. "NVl'1 Fourier transform "lJ'f)'1iqjqj'1ill{;]'f)11Jll x(t) = .:!. ru(t) - u(t - 3)1 (1 '"l~bb'W'W)
dt



-1 1
-3 0



3. "N'VI'l Fourier transform "lJ'D~i~~'lrn x[n] = urn + 4] - urn - 2] LL~~L~tJ'ULVi'D~L'U~U

sine 'VI~'D cosine tl'l'l{'l~'l'jm~tJ'U 1~ (2.5 rJ~bb'U'U)

(L".l~'l'VhiJ'D'l{'DuiJ'Dd10 'U'lVi)

{Pl'£)u . .._.._ .....__ .__ .. .. .... _ ...._ ....._..._ ...



4. '011f1~qjqj1rnx[n] ~fi1V1'W~LVi'01-1(wf)mhm~~'tlltJd

x[n] = 2eos(; n + ;) + cos (2; n)

(L,)~1'Vh~'tl~'tlu10 'J.nVi)

4.1) '01-1V11Fourier transform "lJ'tl-1~qjqj1rnX [n]



5. iOl..:lVnInverse Fourier transform "lJ'fl..:l.ffqjqj1ill(;\'flLtJd

{

O, otherwise
X(jw) = n 3n

2'4 < Iwl <""4
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(L'"J~1'vhiJ'tJ~'tJtJ10 '\.J1Vi)

6.1) IONVl'lInverse Fourier transform 'lJ'tJ~'&fqjqj'lru

6.2)'&fqjqj'lru X [n] LtlU'&fqjqj'lruLLtJtJ~~'ltJVl~'tJ13-1t1'l~ ~'l~'"J'l3-J~~~~'lu~rhLtluLVh1'j

(0.5 ~~LLUU)



1Jl'f)'ij~ 2 ~eii'fl'tl''flU3 eii'fl'j')}.l 14 rt~LL'UtJ

~ - ~1Vl-rUYJfll"i1~1}.lLtJ(Jl'fltJ~ 2 LVlVl1l"i1(Jl'flUl(?lr.JLiS Property (m'j1~ 4.1 LL~~5.1) LtJ

f11rt~tJ,)fl Lv11lftJ Vl1flLiS1j1i~tJ '"l~ti'flL,jtJl"i1(Jl'flU~tl (?lti~ LLi.!0i1(Jl'flU'"l~~fl~'fl~
'II

x(t) = {~:
It I < T1 ~ 2 sin(wT1)

It I > T1 w



1. "N'Vl'l Fourier Transform "l!'f)":l'ffqjqj'lrn x[n] T(PJ~lo/f Property : accumulation bb'tl:; property ~'Wl

~~'lbti'W (6 (Pl:;bb'W'W)

x[n] = u[n + 2] - u[n - 2] = xl[n] + xz[n]



2. "'I-:J'Vl1Fourier transform "lJ'fl-:J~~~1ru x(t) (9]'-:J~tJ

f11'Vl'W~tVi~~~1ru~ t = 0 ~~hdj'W~'Wu



3. fi1Vl'W~-Nqjqj1ill~'W frequency domain ~1Vlfu'l:h'l [-n,n] ~'l~tJtl11'W'i'i1'lr.N~VibVl~v.l'Cl~1-Nqjqj1ill

lOWtime domain ~~bt1'W-Nqjqj1illbbUU~I"l1U(periodic signal) bb'Cl:::-Nqjqj1illl~~I"l1U y.J~'f)3-lU'f)fl

3.2)
~'il'lL ,_~ , , , , _
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1 2 :3A'U11J.1 'i'JJ.I

lJI'il'U v\ :3

1. f11V11.\t'lliiJyet) ~'ilit1lt1l1ruL'il1Y1~~ LL~~x(t) ~'il~t1lt1l1rureJ1.\~~ "lI'il'!f"J'!"V'jRC l1.\~tJ~ 1 Lt'lU

f11V11.\t'llVl,"hL~~~1.\LiJ1.\rJ1.\tJ (8 fl~LL1.\1.\)

x(t) = _1 fy(t)dt + yet)
RC



1.2) '"l~Vt1H(jOJ) bb~:: he!)
lJl'ilU "' " _,, _ " , "...... ,...................... "....,..... ,..'.. . , , .

1.3) plot IH(j OJ)I ~~'m..t~::1rll1J1V!t1J~1bbVttl~~~1~1~\l~::'4~hL~ (2 ~::bb1J1J)

lJl'iltJ_,.~ __ ""..__ ~_._,_,~.,,, ..~~ ..,__,~,_~ _._ ~ ,, _~._ ,_ __ ,_,., ~..~._..~.~.._, _ _ .

1.4) '"l1flfl~1't'Jt1Jii'fl 1.3 bb~V!~tVlb~1J~1')~'"l~db1j'\.Jfilter bblJUtv!

lJl'iltJ , " ~ .., ~ _ ~, ..__ ~ , , , " ~ , .



h[ ]
_ sinfn sinfn
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mz mz

('f)~'lJ1~i'j~fl'l'j~ ~mh.:J~::;L~~~ LL~::;'tl'1m'jm1 ~'jU'lj'j::;fl'f)'lJ 1~)
"

to.j~'Vl1v.J~fl1'j1Jl'f)'lJ'tl''W'f)~"lJ'f)~'j::;'lJ'lJy[ n] L~'f)~'W~1Jl~'f)

x[nl~G)"urn]



3 .fi1V1U~ lVi LTI system ~,,:j'lJ1hJ1tJ[~tJ difference equation

fONIJl'lJUl"h~1;.j~'lJ 1ud
3.1) fONVl1frequency response '1J'fN'j~'lJ'lJ H( dj bb~~ impulse response h[ n]
~'il1.J__ ~~_ ..,.'~~~ , , _ _.., ,_ _ " '__ ._'. .., _" '_.

3.2) fONVl1~~f11'j1Jl'lJ'lJ~U'lJ,,:j'1J'lJ~'j~'lJ'lJ y[ n] bri'lJ~U~IJl~'lJ

x[n]:: (-±r u[n]





y[n] = Lk=-oo x[k] h[n - k]

x(t) = ~oo a ejkwot£.Ak=-oo k

1 foo . tx(t) = - X(jw)e1W dw
2n -00

x[n] = .2... f X(ejw)ejwndw
2n 2n

yet) = f_oo
oox(r)h(t - r)dr

a = ~ ~ _ x[n]e- jkwonk N £.An-(N)

H(z) = L~ooh[k]z-k



TABLE 4.1 PROPERTIES OF THE FOURIER TRANSfORM

8ediou Property Aperlodk sipaI

x(r)
y(l)

X(Jw)
Y(}w)

4.3.1 Linearity ax(1) + b)'(f)
4.3.2 Time Shifting .t(t -10)
4.3.6 Frequeacy Shifting ei-otx(t)
4.33 Conjugation xt(t)
4.3.5 nmeRevenal x(-t)

4.3.5 Thnt and Frequency x(al)
Scaling

4.4 Convolution x(t) * y(1)

4.5 MultipJicati6n .t{t)y{t)

4.3.4 Ditfemltiation in Tune d
-x(I)
dt

4.3.4 Intepation L.X(l)dt

4.3.6 Differmtiation in U(t}
Frequency

Conjugate Symmetry
for Real Signals

Symmetry for Real and
Evtm Signals

Symmetry for Real and
Odd Signals

Even-Odd Decompo-
silion for Real Sig-
nals

x(t) real and odd

x,(t) = 8v{x(t)} [x(r) real]
x,J(t) = 6d{X(l)} (x(t) real]

aX(jw) + bY(jtAl)
e- ft.>tt X (ill> )

X(j(lIi - too»
X·(- jw)
X(- jw)

.!.X(i6J)

lal a
X(jwlI(jwL
2~f:X(6)fU(W - ~)d6

jwX(jw)

~X(jW} + 1TX(O)O(W)
}W

j d~X(jW)

X(jw) :: X·( - jw)

(ft-t{X{jlll)} "'" (Jl~X(- jw)}
~,n{X(jlll)} = -dm{X(-jlll)}

IX(jw)1 •• !X(-jw)1
4:X(j<u) :: -(X{- j<u)

X(jw) real and even

(Jl.e{X(jw)}
jdtlf.{X(jw}}

4.3.7 Parseval'sRelationfor AperiodicSignals

j+c 1 It ..
_•• 1x(1)1

141 = 211' _'" 'X(jwWdw



Aperiodk Slpal

x[n]
JIRl
cu(n) + .)'[nl
J[II - no]
ei"t-x(n)
i(n)
J[-II)

~'I=[:N'l.~:;=::
JIll]. ,[n}

l(nb{n]

.t[nJ- .r[n -1]
•I x(k)

t_-e

5.3.2 L.inearity
5.3.3 11meSIIiftmg
S.3.3 t;equency Shifting
5.3.4 Co~updon
5,3.6 nme bmal

5.3.1 TuneBxpansion

SA Coovolllfiort

s.s Multiplication .

SJ.S Differeacing in lime

5J.5 Acalmutation

5.3.8 Diffnttiatioll in Fltqueocy lU[n)

5.3.4 QlnjupteSymmetry for x(n)real
Real SigDaIs

5.3.4 Symmetry for Real. Even xl"] real an even
Signals

5.3.4 Symmeryfor Real. Odd xln) real aDd odd
Sigaal&

5.3.4 Bven-oddDeoompositioo I,ln] •• &ix[n]} [X [II) real]
of Real Signals J

II
[II] • ed{.t[n]} [.t(n} real]

'.3.9 Parseval·sRelationforAperiodicSigDa1s
+" . 1 (

II~" /x[nJP ~ iiJ2r 1X(""~24Cl)

FCIIIIier ,....,.

1(.t111)1 periOOic wilh
}'(e}W) period 2,,-
4X(;JW) +bY(eP)
e-/IMoX(eft')
X(~--o»
r(t}if)
X({H)

X(~)

X(,J-)f(tl-)

!1 X(tJf)f(tJ(f;-")d9
2'Jl' 2.

(1- t-1ti)X(ti")

I~X(.tJjj)l-e-j!iI
+11

HrX(eJO} I 8(16 - 2"k)
i--IIl

,dX(eft')
Jdi)

X(tjtl} = T(t-lti)

~(t~)} 111 6tt{X(e-/W)}
Im{X(eJtl)} = -dnt{X(t-jiln
lX(tjll~ 1lI Ix(r/tt)1
4:1(,;") ~ -~X(t-jtf)

X(e;') real and even

X(t;') purely imaginary and
odd

~t{X(~)}
jlm{X(tiw)}


