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Table 4.1 Basic Properties of Fourier Series

Basic Properties of Fourier Series

Function of time

l Table 3.2 One-sided Laplace Transforms

Function of 5, ROC

(1) §(h 1, whole s — plane
Time Domain Frequency Domain (2) U 1, Refs] > 0
Signals and constants x(0), y(t) periodic X i :
. 0
with period T, @, B “) i JULENGZ
Linearity ax(f) + By(h aX, + BY, (4) e "u(t),a>0 5 Re(s] > —a
Parseval's power relation P, = .;: ch \x(1)|°dt P.=Y I )g‘lz (5) cos(2, ) ull) m.nqs) < 0
Differentiation sl k0 X, (6) sin(£2o N (1) 7%0-:.126(8] >0
Integration t Ydl onvif X. =0 _&_k 0
f_m ( ) 'y & FQ, # (7) e—dcos(nonu(o. a>>0 ——;—1(“::0‘.726(51 > -4
hifti X(t— Eabl
Time shifting . (I —a) e X [ (8) P sin(QDHu(h),a> 0 TP ,Re{s] > —a
Frequency shifting gl () Xem | s i o
Symmetry x(t) real 1X| = |X_,| even ©) 2Ae " cos(Qpt +O)u(l),a> 0 st T srarkg Rels] > -a
function of k (10) (N{Ty'N-i"(O ;}qN an integer, Rée(s] > 0
LX = —£X_y 0dd v 1
11) LAl 2 —1 N an integer, Rée[s] > —a
function of k ( w6 U (o L ) i
Convolution in time z(f) = [x*y])(0) 2= XY, | (12) stV e ¥ cos(Q,t + O)u(h) = ey Rels) > A
Table 3.1 Basic Properties of One-sided Laplace Transforms No. x:(t) x;(2) x1(t) # x:(f) = x3(6) = x;(8)
Causal functions and af(l), Bg(D a F(s), BG(S) 1 x(1) §(r=T) x(t=T)
constants
Linearity af(f) + Bg(t) aF(s) + B&(S) : ) w(f) =& oot
Time shifting f(t—a)u(t - a) e“”F(s) -
Frequency shifting &1 F(s—a) 3 u(1) u(r) tu(r)
Multiplication by ¢ t(f) e %
. 4 ; el|l - oA
Derivative ﬂdi'Q sF(s) — f(0-) 4 eMu(r) e u(r) : : u(r) A A2
Second derivative ﬂ}g S F(s) — sf(0-) — 1 (0) Lo
d
Integral fo‘_ f(f)of f.gfl 5 e u(r) > ulr) te™u(t)
Expansion/contraction flal),a #0 ll_l F(%) l
Initial value f(0-) = lim sF(s) 6 te* u(r) M'ut) 5'28""(')
Table 5.1 Basic Properties of Fourier Transform
e Do AL Al Table 5.2 Fourier Transform Pairs
Signals and constants x(0), y(0), 2(0, «, B X(N),Y(N),Z2(0)
Linearity ax(t) + AN aX(R) + BY(N) Function of Time Function of
lExtpr;:a::as,non/contraction xat), a = O ﬁX(g) (1) 5(f) 1
' v - e —
Reflection =1 X(=) @) [t — 1) T B -
Parseval's energy relation £, = [* ix()®dt £, = 5= [ X(Q)%dR (S) u(t) 5+ ()
Dual X0 2ex(= 1) @) u(=1 =14 r8(Q)
uality X(— : 20 b 2
Time differentiation o . ("X (R) ) sign(t) = 2{u(® 0.5] /2
| | 52,n > 1, integer (6) A -0 <t <oo 2TAS ()
Frequency differentiation  —tx(() %%u ) Ae-sluff). a > 0 A
Integration ﬁ e x(that' %%u + 7 X(0)3(2) —at ' ﬁf
Time shifting Xt — a) e x(Q) (8) Ate™*ulf),a > 0O (Q+a)?
Frequency shifting &' x(t) X(Q2 = ) ©) e-ﬂhl st 2a
Modulation x(t) cos($2.t) 0.5[X(22 — Q.) + X (2 + )] : a+0l
Symmetry x(t) real X(Q)| = X(-9)| 11 sin(Qpt), —00 <t < 0 —j[8(R— ) — (2 + N
Sot oy 0 Fma i (11) 0 Jr| '( 0) — &( 0)]
Convolution in time z(f) = x * yl0 Z(Q) = X(Q)Y () (12) pit) = Alult + ©) — ult — 7)), t> 0 2Ar ¥980)
wWindowing/Multiplication  x{t)y(f) g—;[X * Y](Q) (13) sin(Qg1) P(Q) = u(Q + $1o) — U(R = Q)
Cosine transform x(t) even X(RR) = ff‘; x(t) cos(2t)dt, real mt
Sine transform x{f) odd X(Q) = —f [ x(t) sin(Qnadt, imaginary (14) X(t) cos(§2,t) 0.5[X(2 — ) + X (2 + 2p)]
Fourier Series of Discrete-time Periodic signals Properties of the DTFT
x{ n] periodic signal of period  Xk] periodic FS coefficients of Z-transform: x(n),X(2,14 =1 € ROC X(@*) = X( 2|,
N period N Periodicity: x(n] X(e*) = X(g/“t2h
X — ., K integer
DTFT x(n] = 3, XkjeZ N X(6") = ¥ 2n XK)3(w — 2 k/N) o aX(€7) +BY(e")
LTI response input X{n] = Z,,)([k]e’z’r P K1 H(e*“0) g7 ™kIN .
An) = 2, XIKJH(e™) Frequency-shift:  ypg/e" X(e"®)
H(e™) (frequency response of Nh .
Systarti Con\'/o?utnc?n. (X * y)[n] X(e"") Y( eﬁﬂ) |
Time-shift (circular ~ x{n— M X{Kk)g R* M/ Multiplication: Xinlyin) 2 J7, X(&") V()b
shift) Symmetry: x{ n] real-valued :
PR o —— Xk - M) |X(e:’h)v| even funct'non of w
Multiplication x(n]y(n) YN XIm] Y1k — m) periodic ' | A 2 ZX(€") odd function of w
convolution Parseval's relation: 5" |x(pn)|* = L 7| X(e”|?dw
Periodic convolution  yN-1 110 — m) NXI K] Y1n]
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One-sided Z-transforms SRy S e Table 10.2 Basic Properties of One-sided Z-transform
Function of Time Function of z, ROC
Causal signals and axin], AYin] aX(2, pY(2
(1) §(n 1, Whole z-plane constants
(2) un Ly, 12| > 1 Linearity ax{n] + pyin) aX(2+ Y (D
i . o Convolution sum (x- yin =Y Anfn—kI X Y(2)
(1= ‘)" 1Z] > 1 Time shifting — causal — N] N integer zVx2
(4) rf\u{n] 5(71;—.’-;,1 | Z| > 1 Time shifting — non-causal A1n - N] V2 + =111
(5) a"un), la] < 1 1__]77 12| > |a| xin]non-causal, Ninteger 4 (-2127M? 4 ... + (=N
(6) m"Un], la| <1 _af_n. |z| > |a| Time reversal x(—n] X(Z-1)
CERE) Multiplication by n nx{n] — 29X
@) cos(wonun] 1—cosan)z! 1o g dz
1-2c08(ag)7 ' +7 Multiplication by 7 i x(n) 2N 4 290
©) ) HUn] ,_2;";2’);1 —o 12l > 1 Finite difference x(n] — xin—1] (1 =-2YX2) - X{-1]
(9) a" cos(wonufn), la| < 1 1-a cos(ay) 7 12| > 1 Accumulation S k) X
1-2a cO8(ap)2 ' +a‘z %’ - =t
(10) _t : @ oin(am)z"* Initial value x10] lim,_, ., X(2)
oS adl 1= 12acosemz ez’ 121> 181 Eina) value im,_, ., X(n] lim,_. (z— 1)X(2)
Discrete-time Fourier Transforms (DTFT) Na 1) C(f)(s) = Fis) S il
Discrete-time signal  DTFT X", periodic of period 2 ] | losso0 Equation (1.5)
(1) 8[n) &muu — - ,-r<w<n i
. — :
) A \muet 2nA(w), T sw < A ¥ —:,_.T s =0 Equation (1.8)
(3) g/l 2r8(W—ap),—T <w < ”
(4) a"Uun),lal <1 1_‘.;' —T<w<m | 1 sinat = i“_, s >0 Example 1.9
(5) na"Un),lal <1 7 a ": s, ~T<W<N ’
-a e’™) g 4. . g 0 I ton (1.10)
©)  cos(won)uln] n[8(w—wy) +8(w+wp)],—T Sw<n i = W A e uation
sin(wgN U N - [8(w — %
(7) Iﬂ’(wo yuln] ol (‘:’ wp) +é(@+wp)l,-r =w<w 5. & ' 2> Example 1.4
(8) (04 ,Ia|<1 1-a {_n<w<n S -0
1-2a cos(w)+a* o b
(9) pln) = Un+ N/2] — uLn—- N/2) dﬂ('gg(h:;gﬂ)'_n <w<h 6. ' sinbt - T, s >a Prop. 2.12 with [ = sin bt
1 ’ —a - 0% ol 5 ) 1 — o8 b
(10) a Cos(wognmun] 1_2"10083:;(’_ )::’a‘m’ T <w<T L e cos bt PR YT s >da Prop. 2.12 with f = cos bt
(11) a” sin(wyn) U n) a sinay) e " i n on. i B
@o 1-20003(%)0"'“20‘2""—” <w<nm 8. 1"t G —a) !’ s$>a Prop. 2.14 with f = ¢
Discrete Fourier Transform (DFT)  (Feviier Gores Coedliclentc) , io =)
x(n] finite-length N aperiodic signal x{n) periodic extension of Euler’s formula i COS(9) T sm(0)
period L> N 3 .9
= KRt Xk RarhiL . e’ + e~
X = 3 o XKl XKl = 3, oXnle” ... for cosine cos(0) =
IDFT/DFT  x{n] = X(n)W[n), W[n] = Un] —un—N]  Xk] = XTK]IW[n], W[K] 2
= U[k] — u[k— N] :
Circul o 8‘10 e 6_‘70
ed® R0 XIKIYTA] ... for sine sin(0) =
convolution 279
Circularand (x@ Y[nl= &=, L>M+K-1 '{J“ o n_ 0(!-1‘”“)
linear M = length of x{n], K = length of y{n] s Lo 1= ; ' sin (‘n' 0)
convolution n=o sinc function sinc(f) := 5
w
3. Sum-Difference Formulas R eLap o L T l.to/msJ DT
sin(z + y) = sinz cosy + cos zsiny tan(z + y) = joprtiany. o0
BN LT: (€)= (x®e®l 12T xe) = T Atz
sin(z —y) = sinzcosy — coszsiny ; s : et
%
cos(z +y) =coszcosy — sinzsiny tan(z — ) = P o e L s 5
ot TLT: k()= L (xde s T2T:X0n) = = di) 2" 42
cos(z —y) =coszcosy +sinzsiny il LLED
7. Double Angle Formulas g R XA _-_'—-*—- _______ oS i,
FT ¢ xw)= ( x4t DTET : X(W) = S RErTe "
sin(2z) = 2sinzcosz -0 e-Q0
cos(2z) = cos?z —sin’z = 2cos?zx — 1 = 1 — 2sin’z CET Xliya __L. o0 | =
+ l ’ JWwa
tan(22) = -2tz =1 wye ™ w IOTFTHICa - L ‘ e
-0
.. Power-Raducing /Hall Angle Formulag 2% - o7 plt Sl et ol M as e el i T s Bl i i e e ot a7t st e L3 20 (R LS SO . O L.
: 2, _ 1—cos2z 2 . — licos2z 2, _ l-cos2z L We | : -1 - % Wan
sin® z = A=opRak cos* z 3 tan? z = (7S 22 =g Xk=‘1\?§X(+)c:)uw+A+ ' DFT'XR:{?ZXD‘:M,)
nZD
sing =£/I=92  cosf=k\/laz  tang =k [lroms o oz loooes T |
= KW+ )k Won
IFS e X(+) = que’ LOFT: xtad = 2: Xvee
s K=o
Wl\e'c WQ - gN-E




