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Table 4.1 Basic Properties of Fourier Series

Table 3.2 One-sided Laplace Transforms

Function of time Function of s, ROC
Basic Properties of Fourier Series ) s 1, whole s — plane
Time Domain ;rec:/uency Domain @ uh 1, Refs] > 0
Signals and constants x(1), y(t) periodic s Yy
: A @) () L. Rels] >0
with period Ty, @, B ¥
Linearity ax(t) + By(H aX, + BY @) e ¥u,a>0 5 Rels] > —a
Parseval’s power relation P, = %o fr,, | x(0|2dt P=Y,I )C(Iz 5) cos(R,hHu(h) m,ke{s} >0
leferenFlatron i JKkS2 X ) sin(QpH ) 7%103 Rels] > 0
Integration [l x(t)at onlyif X =0 ;‘%;k #0 0 & cos(@ D (D), a > 0 S5 Rels] > —a
Time shiftin: t—a ~kQ
FlrequenCY :hifting :("’“ ' ) ;( X ® & ¥ sin(Qu0u(D), a > 0 ety Relsl > -a
" x(f) ~M > AL
Symmetry x(t rea 1% = 1X.4] even ® 240" cos(@ot + U0, 8> 0 e + iy Relsl > -a
function of k (10) it u JNaninteger, Refs] > 0
éﬁm:a; cff)l((.k s 1) wml e N an integer, Rels) > —a
Convolution in time 2(t) = Pyl Z.=XY, (12) " e cos(yt + B)u(h) ol + ity Rels] > -a
Table 3.1 Basic Properties of One-sided Laplace Transforms No. x1(f) x(8) x1(8) # 22(8) = x,(8) = (D)
Causal functions and af(t), Bg(t) aF(s), BG(s) 1 x(1) (r=-T) x(t=T)
constants At
Llneamy d’(') + ﬂg(f) aF(s) + ﬂGs) 2 ehu(’) u(t) = f u(r)
Time shifting f(t— e)u(t — @) e "*F(s) -
Frequency shifting &'t F(s—a) 3 u(t) u(t) tu(t)
Multiplication by t t(t) ~ e
s X Al . gt
Derivative anh sF(s) — f(0-) 4 u(r) eu(r) o u(t) M #Fh
Second derivative d;f st(s) — sf(0-) — f“)(o) A=A
Integral fo_ f(tHat As 5 eu(r) Mu(t) teMu(t)
Expansion/contraction flat),a #0 MF (%) 1
Initial value f0-) = lim sF(s) 6 te*u(r) eMu(n) Etze“u(l)
Table 5.1 Basic Properties of Fourier Transform
: Jime Domaln zrequenioy Domsin Table 5.2 Fourier Transform Pairs
Signals and constants x(f), y(t), z(t), @, B X(R),Y(2),2(Q) Lo 5
Linearity ax(t) + Byl aX(Q) + Y (R) Function of Time Function of Q
iixtgi)r;a]rt\asion/contraction xat), @ = 0 &X(8) M B(t) 1
VS Y (1 SRS L TR A
Reflection x(—1) X(-9) @) o -1 o S o _f_f',‘
Parseval's energy relation £, = [ ixt)dt  E, = 5 /2, X(©)2d (3) u(t) I':? + w8 ()
- 5 S @) u(-1) T +73(Q)
uality g X(— . - — 2
Time differentiation po iQ)"X() ©) sign(l) = 2l — 0.5] m
250,02 1, integer 6) A —o0 <t < oo 21AS(Q)
Frequency differentiation  —/tx(t) d_');lnm Ae-dtu(f),a > 0 A
Integration fim x(t)dt' ’%—’2 +X(0)5(R) @ gk ! m‘:
Time shifting Xt - ) e X () ® Ate~*u(f),a > 0 ia+ay’
Frequency shifting ¢%'x(t) X(Q - Q) N 2a
Modulation X(t) cOS(Rt) 0.51X(2 — Q) +X (€ + 20)] © e=lla >0 P
Periodic signals x(t) = DX X(Q) = T, 21X, 82 — k) (10) cos(Qpt), —00 <t < o0 w[8(2 — Q) + (2 + Q)]
Symmetry x(t) real li‘)((‘:‘)zl)= ‘X(z;::)lm (11) sin(Qpt), —00 < t < 00 —jr[8(R — ) — 8(2 + Q)]
Convolution in time 2 = [x * Yo Z(Q) =X(Q)Y(Q) (12) pit) = Alult + ©) — ult — 9, t>0 247 SN(@n)

i ) gl Or)
Wlnfjowmg/Mumpllcatlon x(tyld) %[X *Y1(RQ) (1 3) sin(Qyt) P(Q) =u(Q+ 90) —-u(Q - Qo)
Cosine transform x(t) even X(®) = [% x(t)cos(Q)at, real nt X
Sine transform x(f) odd XQ) =-j ff‘; x(t) sin(Q1 dt, imaginary| (14) X(t) cos(R2t) 0.5[X (82 — K2) + X(2 + )]
Fourier Series of Discrete-time Periodic signals Properties of the DTFT

x[n] periodic signal of period X[kl periodic FS coefficients of Z-transform: x{n], X(2),14 =1 € ROC X" = X@),_ o
g s . ;[Q:Td N Syt Periodicity: x(n) X(&”) = X(e"“**™®), k integer
-transiorm Xylnl = x{n| = N Xy [N |, gpmiin Linearity: nl+ n i
DTFT xin = X, Xikje? ™ X(a"") T2 Xisto ~ 2k/M | t:_'ﬂ' . wx _] Nﬂ"[ / a_):f:“”) :,,, BY(”)
LTI response input Xin] = 3" XkIeZ™ /N outp g ime-shi lng.. x(n ] e . X(e")
yIn] kalk]H( ) Frequency-sh[ﬂ: x[n] e[w,,n X(Jw—%))
:’;:t:r)n()f“’q”mcy e Convolution: (x* y)[n] Xy Y™
Time-shift (circular ~ x{n— M) X[ K| Rr*MIN Multiplication: x(nly(n] = [ X@*) Y *)de
shift) Symmetry: n) real-valued i f
Modulation x{njeP M Ak~ e b 5()((9:")”| ev:;‘ ff:j:c:::: :f .
Multiplication Xyin] T L Xim] Yik — m] periodic . ) i} . ol < @
convolution Parseval's relation: 3% _ixin)|? = L [ |X(e”Idw
Periodic convolution ):ﬁ;h x(mly{n— m) NX{k1Yn]
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preskiec Sgmwlonns — Table 10.2 Basic Properties of One-sided Z-transform
Function of Time Function of z, ROC
: Causal signals and axinl, pyin) aX@2, pY2
(1) 3[n) 1, Whole z-plane constants
@ uln] ;__I_z_:h 12| > 1 Linearity axin] + Byln] aX(2+BY(2
3 _x" Convolution sum x*x YN = ximyin—kl X9 Y(2
@ A ey 121> 1 Time shifting — causal xin— N) N integer 7V
@ fuln) %'9:_—{;}2, 121> 1 Time shifting — non-causal ~ xin — N] VX2 + -1
®) a;;u[n], . —, 12l > lal xinlnon-causal, Ninteger 4 x{—2)z" ™2 + ... + x{—N|
(6) "), || <1 ezl s In;l Time reversal X{(—n] Xz
o iy “*"' L Muitiplication by n nxin) -z%@
cos(womuln —cos(wy)Z
i 1-2c08(wp)z ' +2 " 21 Multiplication by r? Pxin) f‘%ﬂ + 2%
®) sin(@onu(n) ﬁ%ﬁ%}? |z| > 1 Finite difference x(n] — x{n—1] A -z"YX@2 - x-1]
9 o" cos(womufnl, le| <1 M%' 1z > 1 Accumulation 22:0 x{k] 1-)(_‘?1
1 ) ol Inital value X0} lim;-sc0 X(2)
i h — .
(10) a"sin(@omun], lal <1 T costemz w7 121> 12 | Fingl value lim,,., o X1 limg.. (2= 1)X(2)
Discrete-time Fourier Transforms (DTFT) No. firy CfHist = Fis) REFFRINCE
Discrete-time signal : DTFT X(e*"), periodic of period 27 1 1 L g Equation (1.5)
(1 s &n-\u(n L SV l-m<w<n "
@ A —aetY 2rAl(w),—-mr <w<m 2. " :l =0 Equation (1.8)
()] glvon 2n8(W—wy),—T <@ <7 _
. a .
) a"u[n], le] <1 1_:’_#,_” <w<m 3 sinat g s>0 Example 1.9
(5) na"u(n), 1 ae®
uin, le| < A—aekp 7 fo<m A cosat < ! s>0 Equation (1.10)
(6) cos(won)un) 7 [8(w—wo) + 8@+ wp)], T <w<m s +at
g; SI|r,\"(won)u[n] - Ea(‘:) — o) +é@+w)l,~w <o <w . & -~ ————I ., $=>a Example 1.4
—a = §—-a
o "a|<1 m, n<w<nw h‘
©) plnl = un+ N/2] —uln— N/2] sn@NiD/2) 3n<':.'.7;> D) x<w<n 6. ' sinbt g~ - WM Prop. 2.12 with f = sin bt
s—a
10) n Yok i 8 foosd ————, 5> Prop. 2.12 with f = cos bt
(10) a’ cos(wgn)un] 1—-#;(‘:‘)%’?5' r<w<n cos g s>a P with [ = cos
1]
(1) a"sin(emun) ___"!"_(anfL,_E —-T<w<n 8. e —-'l—‘r s>a Prop. 2.14 with [ = ¢*
1-2a cos(wy)e ™ +a’e "’ = (5 —ay*

Discrete Fourier Transform (DFT)  (Fouiier Ceries Coelfjclents)

Euler’s formula

x[n] finite-length N aperiodic signal X{n) periodic extension of
periodL> N jo —jo
il = T XK X = ZooHme =™ for cosine cos(0) = e £
IDFT/DFT  x{n) = X{n]W[n], W[n] = u[n] — uln— N1  Xik] = XIK]W[n], W[K] 2
= UK — k- N] . .
; g3? o grif

Circular (x®, yin XIKIYTK ... for sine sin(9) =

convolution 2j

Circularand (x®  YINl=x*xY[N,L>M+K-1 i Of‘n‘ O(|~r~'”)

linear M = length of x{n], K = length of y{n] N - . . sin(m 6)

convolution n=o sinc function sinc(0) := 0

3. Sum-Difference Formulas lRG—LOP o€ Trang -@arm?_l DT
sin(z 4 y) = sinz cosy + cos T siny tan(z + y) = fazttany 0 o )

. . : ' LT: Xy = § x(4)e L4 2T xR)= 2 xa12"
sin(z — y) =sinzcosy — coszsiny ) -00 AS-@0
29
cos(z +y) = cosz cosy — sinzsiny tan(z — y) = {onz-teny " 2 st -
i+tanztany TLTS x(+)= on (X(S\b ds IZT!XC"J:#:’AYO)Z ',
cos(z —y) = coszcosy + sinzsiny -v e 1)

7. Double Angle Formul T T T BT it o e e
ouble Angle Formulas ET 1 Xw)= ( Yo b Py JW*4+ DTFT : X(w)= 2 XCale JWa
sin(2z) = 2sinz cosz - n=-0
cos(2z) = cos®z —sin®z = 2cos?z — 1 = 1 — 2sin’z i Jwt - .

TFT:X(#)=Lo S xtwYe dw | TOTFT:xag= L ( Xwe  Sw
tan(27) = {2i0F 2T | e
T L ‘ )

3. Power-Reducing/Half Angle Formulas . i TC NPy | o e e B i e e S e, s s
. = — o8 : "'l —‘\(U-,o
Wtz TPO LR TR e 0E FotXed (xen® ™ot | DFT 1M=L S xtaae” i

n=po
sinf =/1§2  cos§ =12 tanf =, /[70I = 0 = 1N T

00
IFS . x(4) = Z Xk

X=-00

e

JUWwet

e’ ? = cos(0) + j sin(0)

| - Nel
| TOFT: xtag =X X' "

kK=o

, Where Wo = g'l\.;l



