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Table 1: Commonly used Formulae
The Laplace Transform

F(s) = / ft)e* dt
0
The Z Transform

F(z)=)_ fn]z™"

2 t wdAt
W, = — tan
At 2

21—z
T AL+ )

IIR Filter Pre-warp

Bi-linear Transform

FIR Filter Coefficients
At w /At
Cp = — Hy(w) cos(nwAt) dw
™ Jo
Table 2: Comparison of Fourier representations.
Time Periodic Non-periodic
Domain
Discrete Fourier Discrete-Time
o Transform Fourier Transform o
e~ N_l o0 e
o e ; jw —jwn S
S XK = = 3 Fn)es2rhn/N X(e) = 3" alnle” ks
2 N n=0 n=—o0 E
Q N-1 1 [T o
. ) - Jw) ,jwn
:Z"[n] _ X[k]eﬂwkn/N :C[TL] ot /_WX(e )6 dw
k=0
Complex Fourier Series Fourier Transform
)

4 T/2 » o0 vy =
g X[k‘] — ]‘/ / ,i‘(t)e_j27rkt/T dt X(]LL)) = / ﬂ?(t)@ J tdt g
g Ty - g
= 1 [ N Q
c s : x(t) = / X (jw)e! dw ]
Q E(t) = X [k])e2mkt/T o1 oo S

Discrete Continuous Freq.

Domain
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Table 3: Selected Fourier, Laplace and z-transform pairs.

Signal — Transform ROC
i)=Y dn—pN] &5 X[k = %
p=—00
zn] = 6[n] &L X(e) =1
- 1
)=y ot—pl) < X[k = -
p=—00
srlf] = Y S(t—pl) 5 X(w) =7 D 8w kw)
p=—00 k=—o00
cos(wot) <5 X(jw) = m6(w — wp) + T8 (w + wo)
sin(wot) LN X(jw) = jmd(w + wp) — jrd(w — wp)
1 wh < To, , i
o(t) = when ]t| 0 T, X(juw) = 2sin(wTp)
0 otherwise. w
1. T , 1 when |w| < |wel,
t) = —sin(w,t X (jw) =
z(?) Wtsm(w ) = (jev) {0 otherwise.
z(t) =6t & X(jw)=1
x(t) = 6(t — to) LN X (jw) = e I«h
() =ult) <5 X(jw) = nd(w) + L
Jw
x[n] = C(isinccucn DTHT X(e¥) = {1 when |cu| < Jwel,
™ 0 otherwise.
zt)=0(t) & X(s)=1 all s
. C 1
(unit step) z(t) = u(t) < X(s)= B
. L 1
(unitramp) z(t) =t <«  X(s) = -
s
. s
z(t) =sin(spt) & X(s) = = +0302)
s
z(t) = cos(set) & X(s) = (321+ 7
z(t) = eu(t) & X(s) = — Re{s} > Reso}
— 5o
z[n] =dn] & X(z)=1 all z
zln]=0n—-—m] <& X()=z"
z z
z[n] =uln] < X(z) = pop|
n z 1
o) = fuln) S X() = 1 2] > [z
n z 1
zln] = —zju[-n—1] <+  X(z) = e |2| < |zo]
n z <
zln] =a"uln] <<  X(z) = P |z| < |al
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Table 4: Properties of the Discrete-time Fourier Transform.

Property

Time domain

Frequency domain

Linearity

Differentiation (fre-
quency)

Time-shift
Frequency-shift
Convolution
Modulation
Time-reversal
Conjugation
Symmetry (real)
Symmetry (imag)

azy[n] + bza[n]

z[n — nol
elonzln)
x1[n] * x3[n]
z1[n]a2[n]
z[—n]
z*[n]
Jm{z[n|} =0
Re{z[n ]} 0

aX1(e7) + bXo ()
dX (')
I dw

e o X (e)
X(ej(w*wo))
X (e79) Xo(e?)
Xi(e7) @ Xp(e?)
X(e™ Jw)
Xr(e)
X(e™) = X*(e™)
X(e¥) = —-X*(e™v)

2_

Parseval Z |z[n]|” = — / |X(ej‘*’)|2 dw
Table 5: Properties of the Fourier series.
Property Time domain Frequency domain
Linearity azy(t) + b (t) aXi[k] + bXs[k]|
dz(t 27k
Differentiation ) Llllip's k]
. dt T
(time)
Time-shift Tt —to) e~ 92mkto/T X [K]
Frequency-shift eI 2ot/ Tz () X[k — ko
Convolution T1(t) ® To(t) T X, [k] X5 [k]
Modulation Z1(t)T2(t) Xy [k] * Xo[k]
Time-reversal z(—t) X[—k]
Conjugation T*(t) X*[—k]
Symmetry (real) Jm{z(t)} =0 X[k] = X*[—kK]
Symmetry (imag) Re{z(t)} = X[k:] = —X*[—k]
1 T/2
Parseval — ) dt = | X [k]
T —T/2 k;,o
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Table 6: Properties of the Fourier transform.

Property Time domain Frequency domain

Linearity a1 (t) + bzo(t) aXi(jw) + bXs(jw)

Duality X (jt) 2 (—w)

dx(t
Differentiation acjl(t ) JwX (jw)
t

Integration x(7)dr L X (jw) + 71X (j0)d(w)

Time-shift 2(t — to) e=310 X (o)

Frequency-shift eIty (t) X (j(w — wp))

Convolution x1(t) * zo(t) X1 (Jw) X2 (jw)

Modulation x1(t)x2(t) X (jw) * Xo(jw)

Time-reversal x(—t) X( j w)

Conjugation x*(t) X*(—jw)

Symmetry (real) Jm{z(t)} =0 X(jw) = X*(— jw)

Symmetry (imag) Re{z(t)} =0 X(jw) = = X*(—jw)

1
Scaling z(at) —X Jw
ol \ a
Parseval / )P dt = o= [ XG0 d
—00 T J -0
Table 7: Properties of the z-transform.
Property Time domain z-domain ROC
Linearity azxi[n| + bxs[n] aX1(z) + bXs(2) C R, NR,,
Time-shift x[n — ng) 27X (2) R!
Scaling in z zitw(n| X(z/z20) |20| Rz
. T dX(z)
Differentiation in z nx[n| s R!
z
Time-reversal x[—n] X(1/2) 1/R,
Conjugation x*[n] X*(z%) R,
Symmetry (real) Jm{z[n]} =0 X(z) = X*(2%)
Symmetry (imag) Re{X[n]} =0 X(z) = —X*(2%)
Convolution x1[n] * xo[n] X1(2)Xo(2) C R, NR,,
Initial value z[n] =0,n < 0= z[0] = lim X(2)
Z—r00

¥ 2 = 0 or 2 = oo may have been added or removed from the ROC.

COPYRIGHT RESERVED

TURN OVER



5

ELEC 3004 / 7312: Systems: Signals & Controls

Rectangular:

Wrect [n] =

Final Examination — 2013

Table 8: Commonly used window functions.

1 when0<n<M,
0 otherwise.

o

20109, Mo (€°)
B N
o o

|
o]
o

!
o5}
o

0 05 1
w(xm
Bartlett (triangular): = 0
2 -20
8
2n/M when 0 < n < M/2, 50_40
Wpart[n] = < 2 —2n/M when M/2 < n < M, Sﬁ—so
0 otherwise. R
-80
05 1
w(xm
o0
Hanning: %:C—zo
&
3 — 2cos(2rn/M) when0 < n < M, 2 -40
Whann [n] = . S’H_BO
0 otherwise. =
-80 N\(\/\
05 1
w(xm
_ 0
- En
Hamming: 2 20
&
] 0.54 — 0.46 cos (2rn/M)  when 0 < n < M, £ 40
w n| = =
hamm 0 otherwise. 260
~ _g0
0 05 1
w(xm
0
Blackman: % w0
k!
0.42 — 0.5cos (2mn/M) when 0 < n < M. = 40
Wlack|[n] = { + 0.08 cos (4mn /M) 8’8—60
0 otherwise. 2 W{\
80 (na
0 05 1
w(xm
Peak Side-Lobe Amplitude = Approximate Width ~ Peak Approximation Error,
Type of Window (Relative; dB) of Main Lobe 201log;y 0 (dB)
Rectangular —13 4 /(M + 1) —21
Bartlett —25 8 /M —25
Hanning —31 8 /M —44
Hamming —41 8 /M —53
Blackman —57 12 /M —74
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