Consider a fifth-order lowpass Butterworth filter with a passband of 1 KHzand &
a maximum passband attenuation of 1 dB. What is the actual attenuation in dB,
of the lowpass filter at a frequency of 2 KHz?
The magnitude frequency response of a lowpass Butterworth filter is

I

H(jR)| =

}

@)
o[ (2]

Given, 20 log |H(jQ)| = =1 at Q = 27 x 1 x 10’ rad/sec and N = 5.

3y 10
e _l=_wlog|:l+(27rx1x10) ]
Q¢

=  20log |H(j)
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SOlVil‘lg, we get QC = 7192.21 rad/secC. v



We are now required to find 20 log |H(j Q)| at @ = 27 x 2 x 10* = 47 x 10 rad/sec.
Using equation (4.12), we get

po

2010g |H(jQ)|geszxi0t = —10log l+(

27 x 2 x 10° ol
7192.21

—~ —24.25dB

Hence, the stopband attenuation = Ag = 24.25 dB.
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W Find the order N of a lowpass Butterworth filter to meet the following specifi- &

cations.
sp = 0.001, és = 0.001
Qp = Ilrad/sec, Q¢ = 2rad/sec
1 =8p)2 -1
Discrimination factor, d = J ( 8‘; ) l Alternate method
s . Kp = 20log(1 —8p) = —8.69 x 1073
= ‘;-24755 x 10 Ks = 20logss=—60
Selectivity factor, K = ?2-’; = 0.9 log [(lo:Tff‘ = 1)/(1021“:;‘i ~ l)]
)
N =
log (3 Q
We know that, N 2 . (‘f) 2log ('ﬁf)
log (T(’) = 1[4.45 = 15 (rounded off value).
= N > 1445
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Frequency transformation

Frequency transformation for analogue filters (prototype low-pass filter has band
edge frequency Q. = 1).

Type of transformation Transformation Function

Low-pass . low-pass s — Qic
Low-pass . high-pass g —
S

Low-pass . bandpass g —y S+0,0

s(Qu—)

Low-pass ., bandsto s(Qu—)

3 g 4= $24+Q,
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13-02-2023

Prototype froquency response Transformed froquency response Backward design equations
ol 20 log Hu /o) | 20 log W)
0
K Q5 = %2.-
| y e oce '
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‘ 20
20 log Q) ol log [ Li0)) Q25 = Min(|AL 18])
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(] Solution

Given H(s) = :

s24s+1
a. The lowpass-to-lowpass transformation is

A) »
Q,

Hence, the required lowpass filter is
H,(s)

H(s)ls_.l,u

1

(%) + () +1
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b. The lowpass-to-highpass transformation is
Q,

§ —» —
5

Hence, the required highpass filter is

Ho(s) = H()|,_,

52

s24+s+1

1
s?+s5+1 s—e 10
|
02 0
R 2
2

C. H,(s)

s
s2 4 10s + 100
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d. The lowpass-to-bandpass transformation is

. S +QQ T+ QL
(R, - Q) sB,

A)

where Q, = /Q, is the center frequency of the bandpass filter and B, = 2, — € is the width
of the passband.

Hence, the required bandpass filter is

|
sP45+1 ,_,iz‘ﬁ:g
10052
s* 4+ 10s? 4+ 2010052 + 1055 + 108

H,(s)
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e. The lowpass-to-bandstop transformation is

. S(QU-QI) e SBo

§ =

Hence, the required bandstop filter is

|
H =
) = FeEl
e |
(s* 4+ 100)*

§% 4+ 253 420452 + 2005 + 10¢
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Module 3_CONTENT

«Design techniques for analog filter

» Butterworth and Chebyshev approximations,

«Frequency transformation, Properties -
Constant group delay and zero phase filters
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° Chebyshev I Filter ¢

= Equiripple in passband (flat in stopband)
— minimize maximum error

% e : * ripple
, | o T depth
. B 10} \"N=4
\Hﬂ (J Q)' o 22 1 O g._ |
1+& Ty (Q—)
r 304
0 o5 H 15 12 2
C”/eD.VS/ ev 4 cos(N cos™ Q) Q<1
po yr-von?xal N (Q) = B
of order N cosh( N cosh Q) Ql>1
\
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. Contd.,

1, (x) = cos(/Nr)

x=cos(r)

T, (x) = cos(0) = 1,
T,(x) = cos(7)

x=cos(7) Bl

L (x)=¢c08(21) =2 cos’ (1) —1 =2x" —1,

x=Co0s(7)

L= 2%l o (e y—1 0
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. o
‘Chebyshev polynomial

l

Table 4.3 The first five Chebyshev polynomials

cos(Ncos~'x), |x| €1 |
Tu(x) = ” N| Ty
cosh(Necosh™'x), x| > 1
01
l | | x
2 | &2 =1
3 | 4x® - 3x
Ty(k) = Uly(x)=Tyals), N 22 PRI
To(x) - l al\d T.(.t)=x 5 | 16x* = 20x* + 5x
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Magnitude Response

|H(j)| =

9 0
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N

Class work_1

#For a fifth order chebychev low-pass filter with a
passband of 1KHz and a passband ripple of 1 dB,

What is the attenuation of this filter in dB at f=1 KHz

and f=2 Khz?
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Sol,

The magnitude frequency response of a lowpass Chebyshev I filter is Given Kp = —1.
Since, Kp =201lo s ), we get

H()| = e ! 8 (7). wes

[l + €2 Thz, (58’-)] ]

20log [——] = —1
With N =5, we get V1 +é€2
1 —

|H(jR)| = 5 = € = 0.50885

[l + €2 Tsz (E&W)]

We know that, Ts(x) 16x° — 20x® 4 5x

‘ Q Q Q \ Q
B Ts(hxlm) - '6(2“103) -20(27rx103) +5(21rx103)

Hence, |[H(jR)| = I
; ) 5 3 2

1 + (0.50885) (16 (%) -20(5%7) +5 (Egﬁ,,))
Hence, A = =20log|H(j2lg.2xx10° = 1dB
and Ay = —20log|H(jRQ)lqerzx2x108 = 45.31dB
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N

Class work_2

‘®Find the order N, the value of the ripple factor €, and
the normalized passband attenuation of the
Chebychev low pass filter for the given figure.

Q)|
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[Hy(j )|
Sol.,
1
= 0.955 -a
1 +¢€
e = 0.3016
T3(Q) = 49Q°-3Q
| A = 10log|1+ € (4° - 3Q)°
oo - — 1 1+ 0]
[1+ € T3)]
20log |Hy(jQ) = —10log[l+€* TH(Q)]
Letting Q = | and € = 0.3016, we get the passband attenuation,
Attenuation in dB is Ap=04dB
A = -20log|H;(jR2)| (.. N=3)

A = 10log[l+€ T(Q)]
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