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4 Continuous-Time Signal Analysis: The Fo

'_I‘able 4.1

A Short Table of Fourier Transforms

P

urier Transform
)

£(t) F(w)
—at 1
1 e %u(t) - a>0
a+ jw
at 1
2 e®u(—t) - a>0
a— jw
2a
3 e alt| m J’ a>0
4 te uy(t) —L—— . a>0
(¢ + jw)?
n,—at n!
) t"e u(t) W a>0
6 6t 1
7 1 216(w)
g efwot 27r6(w’ — w)
9  coswgt 7[6(w — wo) + 6(w + wo)]
10 sin wot jﬂ'[(S(UJ + wo) - 6(0.1 - wo)']
. 1
11 u(?) T6(w) + 75
12 sgnt J% \- A
13 cos wot u(t) 5160w —wo) +8(w +wo)] +
14 sin wot u(t) 716w — wo) — 6(w + wo)] + ;E‘;ﬂ—o?
15 e~ gin wotu(t) (T‘i_:j_(:-?mg a>0
16 e~ cos wot u(t) (a_—l-%);%v? a>0
17 rect (%) 7sinc (4I)
18 Yinc(Wt) rect (%)
19 A (ﬁ) %smc2 (‘—"f)
W o w
0 Eene (B) . A
00 oo
21 Z &(t — nT) wo Z 8(w — nwo) wo =&
n=—co" ) n=--co
.99 e—'t%./2<72 0m6—02w2/2
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Table 4.2

Fourier Transform Operations

- ________]

Operation ; f(t) F(w)
Addition f1(t) + f2(2) Fi(w) + F2(w)
Scalar multiplication kf(t) kF(w)
Symmetry F(t) 2 f (—w)
Scaling (a real) f(at) iF (ﬁ)
la| " \a
Time shift f(t—to) F(w)eiwto
Frequency shift (wg reaﬂ) £ (£)edwot F(w — wo)
Time convolution . F1(t) * fal(t) Fi(w)Fy (w)
/ 1 .
Frequency convolution F1(t)f2(t) §—F1 () * Falw)
Yis
. . e a"f .
Time differentiation yr (jw)F(w)
¢
Time integration / f(z)dz M + 7 F(0)6(w)
—oo jw
Repeated application of this property yields
arf C \m
o = (jw)"F(w) (4.48)

The time-integration property [Eq. (4.47)] has already been proved in Example
4.13. :

B Example 4.14 :

Using the time-differentiation property, find the Fourier transform of the triangle
pulse A(2%) illustrated in Fig. 4.25a. '

To find the Fourier transform of this pulse we differentiate the pulse successively,
as illustrated in Fig. 4.25b and c. Because df/dt is constant everywhere, its derivative,
d*f / dt?, is zero everywhere. But df/dt has jump discontinuities with a positive jump of
2/7 at t = £, and a negative jump of 4/7 at t = 0. "Recall that the derivative of a
signal at a jump discontinuity is an impulse at that point of strength equal to the amount
of jump. Hence, d2f/dt?, the derivative of df/dt, consists of a sequence of impulses, as
depicted in Fig. 4.25¢; that is,

2
% - %[5(75 +2)—26(t) + 6(t — 5)] (449)
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Table 6.1
A Short ‘Table of (Unilateral) Laplace Transforms

£®) F(s)
1 @) ‘ ' 1
2 u(t) %
3 tu(t) slz
!
4 trult) o
1
At
5 e u(t) 5 — A
1
6 teMu(t)
‘ (s = A)?
7 t"eMu(t) (s — Ayt
8 bt u(t) :
a cosbtu 21 b2
86  sin btu(t) S
Sin U S2 + b2
w 9a e *cosbtu(t) - G +sa-;-2a+ b2
9 e *sin btu(t) s
/ (s+a)?+b2

(r cos 8)s + (ar cos § — brsin 0)‘

; —at
‘ 10a re™% cos (bt + 0) u(t) 2+ 205+ (@@ 159

: 106 e~ cos (bt + ) u(t) S&"’Zib Sofzej;b
;s 10¢  re=® cos (bt + 6) u(t) . %

‘ r e AZCicha_zABa, 6 = tan~?! Af;%

b=vc—a?

10d e [A cos bt + BE—4a sin bt] u(t) As+ B

s?+2as+c

b=+c—a?
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Table 6.2

The Laplace Transform Properties

e _______________________________|

Operation f®) F(s)
Addition F1(®) + f2(2) F1(s) + Fa(s)
Scalar multiplication  kf(¢) kF(s)
Time differentiation j—{- sF(s)— f(07)
d? ,
7 $2F(s) — £(07) — F(07)
dsy 3 9 efne . .
s 2P (s) — 52(07) — 5£(07) = F(07)
i 1
Time integration f(r)dr —S~F(s)
o-

Time shift

Frequency shift

Frequency
differentiation

Frequency integration

Scaling

Time convolution
F‘requenéy convolution
Initial value

Final value

[ twar

F(t = to)ult — to)
F()e"

~tf(t)

f(®)

F)
t

f(at), a 20

f1(t)  fa(t)

f1(£) f2(t)

F(0%)

f(o0)

o
lF(s) + 1/ f(t)de
s s Joo
F(s)e %% t5>0
F(s — s0)

dF(s)
ds

./SOO'F(z)dz
w2

°F
F1(8)Fa(s)

8

a a

1
TFl(S) * FQ(S)
T7 y
. pd
(n > 'm) //’/

lix% sF(s) (poles of sF(s) in LHP)
g—

lim sF(s)
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B.7-5 Complex Numbers

e:i:j'lr/2 — :tj

T _ 1 n even
-1 nodd

+46

e =cos § £ jsin )
atjb=rel  r=1/a%+02 6 =tan™" (2)
(rejB)k: — ,r,kejke

(Tlejel)(rzejoz) = proed B1162)
B.7-6 Trigonometric Identities
eI = cos z + jsinz

Cos z = l[ej“” +e797)

sin z = 5=[e’” — ¢797]

k\

n
cos(z £ %) =Fsinz
sin(z £ §) = +cos o
2sin x cos x =sin 2z

sin®z 4+ cos?z = 1

Y

Table 10.4 Butterworth Polynomials.

Ordern Denominator polynomial Qn(s) in polynomial form
1 1+s :

1++/2s+s?

1+25+2s2 43

1+2.613s +3.41452 + 2.613s3 + 54

1+3.2365 + 5.2365% + 5.236s3 + 3.2365% + s5

1+3.864s + 7.46452 + 9.14153 + 7.4645% + 3.864s5 + 56

1 +4.494s +10.103s% + 14.60653 + 14.6065% + 10.10355 + 4.49436 + 57

1+5.1265 + 13.1385% + 21.8485% + 25.6915% + 21.848s5 + 13.13856 + 5.12657 s8

W NV wN

Order n Denominator polynomial Qn(s) in factored form -

1 1+s

1++/2s+s2

(T+8)(1 +5+s2)

(1 +0.765365 + s2) (1 + 1.847765 + 52)

(1 +5)(1 +0.6180s + 52) (1 + 1.6180s + §2)

(1+0.5176s + 52)(1 + v/25 + s2) (1 + 1.9318s + §2)

(1+5)(1 +0.4450s + 52)(1 + 1.24568 + $2)(1 +1.8022s + 52)
(1+0.3986s +s2)(1 + 1.1110s + $2)(1 +0.6630s + s2) (1 + 1.96225 + 52)

R N VR W




3 OP AMP APPLICATIONS
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Figure 5-15: Butterworth response



ANALOG FILTERS
STANDARD RESPONSES
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Figure 5-18: 0.25dB Chebyshev Response
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Figure 5-21: Bessel Response



