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Introduction

> A filter is a circuit that is designed to pass signals with desired
frequency and reject others.

» Passive filters: consists only passive elements (R, L and C)

» Active filters: consists of active elements (transistors,
op-amps, etc.)
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Types of filters

1. Lowpass filter: passes LF and rejects HF
2. Highpass filter: passes HF and rejects LF

3. Bandpeass filter: passes frequencies within a frequency band
and blocks frequencies outside the band

4. Bandstop filter: passes frequencies outside a frequency band
and blocks frequencies within the band
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Typical lowpass filter

w0 @) C = 1)

The transfer function is

1
L 1
H — sC _
)= R+ L ~T1srO
or 1
@) =R
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Typical lowpass filter (cont.)

The magnitude of H(w) is
1
V1 + w?R2C?
The value of H(w) at zero and large frequencies are respectively

H(0)=1 and H(o0) =0

H(w) =

| H(w)|
1

Ideal

\

0707 o= Actual
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Typical highpass filter

(1) ‘ R§ 0

The transfer function is

R sRC
H = =
)= Ry L = Ttsko
or . RC
_ g
Hw) =1 ke
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Typical highpass filter (cont.)

The magnitude of H(w) is
wRC

H(w) = ————=—=
) V1+w?R?C?
The value of H(w) at zero and large frequencies are respectively

HO)=0 and H(o) =1

|H(w)| 4

Ideal
1k _L

0.707 -~ /(—

Actual
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Typical bandpass filter

C
+
() R < 4()
The transfer function is
R
H(s) = -———
R+ sL + 50
or
R R

H(W)Z - T =
R—i—]wL-i-jw—C R-{-j(wL_%)
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Typical bandpass filter (cont.)
The magnitude of H(w) is

\/R2 wL — —)2

The value of H(w) at zero and large frequencies are respectively

H0)=0 and H(o0) =0

| H(w)|
Ideal

Actual
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Typical bandstop filter

R

MV
ok -

w0 @ L3 0

The transfer function is
L+ L
H(s) = — - T50
R + sL + sC

or
ij—i-jw% B j(WL_%)
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Typical bandstop filter (cont.)
The magnitude of H(w) is

‘wL — wc

- \/R2 wL—%)2

The value of H(w) at zero and large frequencies are respectively

H0)=1 and H(oo) =1

| H(w)

1
e I —

Actual

L — Ideal

0 @ Wy Wy @
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Decibel scale

> Power gain is defined as

. Py sz ( Va ) 2 9
= —= = = e = H
Gain P, V12 v

» In bels,
P
Gain =log — bel
ain ogP1 e

P
=101og 32 decibel (dB)
1

BEE2143 14 RMT



L Decibel scale Malaysia

BEE2143 - Signals & Networks Universiti
Q PAHANG

» Substituting P; = V12 and P, = V22 in the last equation gives

‘/2 2
Gain =101log <7> dB
1

Va
=20log — dB
og v
=20log H dB
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The cutoff frequency

» The cutoff frequency (also known as the half power
frequency) is the frequency which the power gain is half of the
maximum gain

» The cutoff frequency occurs when

Gain — S@ilmax
2
H2 Hr2nax
2
H _ HmaX

V2
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» Or in dB, the cutoff frequency occurs when

H
20log H =201log ( e
V2

=201og Hmax — 20log v/2
Hap ~Hyax(aB) — 3 dB
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Example 14.10, pg. 640 (Alexander & Sadiku, 2009)

Determine what type of filter is shown in Fig. 14.39. Calculate the
corner or cutoff frequency. Take R =2 k2, L =2 H and
C =2 uF.

+

o0 @ §R C == 2,(1)

Answer: Lowpass filter, w. = 742 rad/s.
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Problem 14.57, pg. 669 (Alexander & Sadiku, 2009)

Determine the center frequency and bandwidth of the bandpass
filters in Fig. 14.88.

10 1F
+
\'A = 1F 1Qs VY,
()
1H 1Q
+
v, 1@ 1HXV,

Apswer: 1 rad/s, 3 rad/s 1 RMT
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Frequency response: Bode plot

» A transfer function can be expressed as the combination of
factors such that
H(s) = As(s+21)(s+ 22) ... (82 + 2Cwis + w?) ...
(s+p1)(s+p2)...(s2+2Cwps+w?)...

_ Ajw(jw + 21)(Jw + 22) . . . ((Jw)? + j2Cwrw + W) . ..
(jw +p1)(jw +p2) - .- ((jw)? + j2Cwnw +w3) ...
» The magnitude of H(w) is

H(w)

H(w) = Alellio + 21lljw + 2l . () + 72 + .
liw + p1lliw + p2l - - - [(jw)? + j2Cwnw + w2 . ..
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LFrequency response: Bode plot

> or
jw W 12C1w jw\ 2
K|w|'1+jz— ‘1+’Z— 1+j51 +(i—>
1 2 k k
Hl) = ———
p+L1+L”k+J2+@g.”
p1 D2 W, Wn
» orin dB
Jjw
Hap(w) =20log K + 201log |w| 4+ 201og (1 + —| + ...
21
.2 . 2 .
+201og |1+ 2 C1w+(£> . —20log |1+ 22| =
Wk Wk D1
.2 . 2
.. —20log |1+ C2‘”+<‘E)
n Wn
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» and the phase of H(w) is
_ _ 2C1w/wi )
o 1 1
/H(w) = 90° + tan ( ) + tan (—1 @) +
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Factor Magnitude Phase
20log o K
K
ST <
_ 5
w w
20N dB/decade 90N°
Gy
-
@
—.
1 @
Gary¥
—20N dB/decade —90N®
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Magnitude

Phase

20N dB/decade

Q0N

P
1 0
P - T— g (0]
(1 + jo/py
—20N dB/decade —90N°
BEE2143 24 RMT
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Factor Magnitude Phase
180N°
40N dB/decade
2jw o\ Y
222
Wy Wy
00
“n @ G O 0w, @
10
@y Wy
0 O 10w
w
Q° @
1
[l + 2jo¢/or + (oo T
—40N dB/decade
—180N°
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Example 14.3, pg. 624 (Alexander & Sadiku, 2009)

Construct the Bode plots for the transfer function

2005w

HW) = 5w 1 10)
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Example 14.3, pg. 624 (cont.)

Answer:
H (dB
(@B) 4 - 20logy0
200 eE T e
20 loggljol
0 1 = Pl L L 1 1 i
01 02 -1 2 T~ 10 7°~.20 00 200~ @
. b s 1

szt 201 - - e201l0g)y T———
g 810 T 3 jwr2] I ‘-~_“°g'” [1 + jws10]

b A
90°

0
0

—90°
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