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14.1 Introduction

The frequency response of a circuit is the variation in its behavior with change in signal frequency.
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= frequency responses of circuits are used in many applications, especially in communications and control
systems.
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= A specific application is in electric filters that block out or eliminate signals with unwanted frequencies and
pass signals of the desired frequencies.
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= Filters are used in radio, TV, and telephone systems to separate one broadcast frequency from another.
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14.2 Transfer Function

Transfer function

H(w)

Linear network

. — Y(@)
where is: H(w) = @)
Time-domain Frequency domain
Input x(t) X(w)
Output y(t) [response] Y(w)
Transfer function h(t) [impulse response] H(w) [transfer function]
poles and zeros:
_ N(w)
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14.3 The Decibel Scale
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14.4 Bode Plo

ts

Bode Plot J! (S
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14.5 Series Resonance and 14.6 Parallel Resonance

resonance circuit ¢l 3
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purely resistive impedance =

Series RLC circuits

Parallel RLC circuits
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RLC circuits

series RLC
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series and parallel RLC circuits ¢wlgd jasde
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1. The impedance is purely resistive (the LC series combination acts like a short circuit)

2. The voltage and the current are in phase (pf = 1).
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14.7

Passive filters = resistors + capacitors + Inductors.

passive Filters
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Type of filter H(0) H(0) H(w,) or H(w,)
Low-pass 1
1 0 N
: 1
High-pass —
BIP 0 1 V2
Band-pass
0 0 1
Band-stop
1 1 0
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resonance RLC il s> (il 8l Ly agaa Jaladll Sy Ul 5 series RLC circuit ce 3ke a4 band-stop filters s Band-pass filter JI

14.8 Active Filters

Passive filters = resistors + capacitors + OpAmps.

There are three major limitations to the passive filters

'O OsSh active filter !

1. they cannot generate gain greater than 1; passive elements cannot add energy to the network.
they may require bulky and expensive inductors.
3. they perform poorly at frequencies below the audio frequency range but, passive filters are useful at high

frequencies.

4. Active circuits are often smaller and less expensive (because they do not require inductors).
5. active filters can be combined with buffer amplifiers to isolate each stage of the filter from source and load

impedance effects.
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Filters Passive Filters Active Filters

Gain cannot generate Gain greater than 1. Can generate gain greater than one
(passive elements cannot add energy to the (using buffer amplifiers)
network.)
Inductors Require Inductors they do not require inductors
(so, they are smaller and less expensive)
High frequencies passive filters are can operate at high The practical limit of most active filters can
frequencies operate below Frequency < 100 kHz
Components Passive filters = resistors + capacitors + Active filters = resistors + capacitors + opamps.
Inductors.

First Order Filters
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First Jgss Wl transfer function J Corner filter Ji sl
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14.9 Scaling
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