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Passive Filters 

The concept of filters has been an integral part of the evolution of electrical engineering 

from the beginning. Several technological achievements would not have been possible 

without electrical filters. Because of this prominent role of filters, much effort has been 

expended on the theory, design, and construction of filters and many articles and books 

have been written on them. Our discussion in this chapter should be considered 

introductory. 
 

 

As a frequency-selective device, a filter can be used to limit the frequency spectrum of 

a signal to some specified band of frequencies. Filters are the circuits used in radio and 

TV receivers to allow us to select one desired signal out of a multitude of broadcast 

signals in the environment. A filter is a passive filter if it consists of only passive 

elements R, L, and C. It is said to be an active filter if it consists of active elements (such 

as transistors and op amps) in addition to passive elements R, L, and C. 

LC filters have been used in practical applications for more than eight decades. LC 

filter technology feeds related areas such as equalizers, impedance-matching networks, 

transformers, shaping networks, power dividers, attenuators, and directional couplers, 

and is continuously providing practicing engineers with opportunities to innovate and 

experiment. Besides the LC filters we study in these sections, there are other kinds of 

filters—such as digital filters, electromechanical filters, and microwave filters—which 

are beyond the level of this text . 
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A filter is a circuit that is designed to pass signals with desired frequencies and reject 

or attenuate others. 
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Type of filters 

1. Lowpass Filter 

A typical lowpass filter is formed when the output of an RC circuit is taken off the 

capacitor as shown in Fig. 1 

 

 

 

 

Fig. 1 low pass filter 
 

The transfer function is: 
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Fig.2 Ideal and actual frequency response of a lowpass filter. 

 

The cutoff frequency is also called the rolloff frequency. 
 

A lowpass filter can also be formed when the output of an RL circuit is taken off the 

resistor. Of course, there are many other circuits for lowpass filters 

2. High pass Filter 

A highpass filter is formed when the output of an RC circuit is taken off the resistor as 

shown in Fig. 3 
 

Fig. 3 Highpass filter 

The cutoff frequency is the frequency at which the transfer function H drops in 

magnitude to 70.71% of its maximum value. It is also regarded as the frequency at 

which the power dissipated in a circuit is half of its maximum value. 

A lowpass filter is designed to pass only frequencies from dc up to the cutoff 

frequency 𝜔𝑐. 
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The transfer function is 
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Fig.3 Ideal and actual frequency response of a highpass filter. 
 

 

 

A highpass filter can also be formed when the output of an RL circuit is taken off the 

inductor. 

 

 

 

A highpass filter is designed to pass all frequencies above its cutoff frequency 𝜔𝑐. 
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3.Bandpass Filter 

The RLC series resonant circuit provides a bandpass filter when the output is taken off 

the resistor as shown in Fig. 4. 
 

Fig. 4 bandpass filter 

The transfer function is 
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Fig.6 Ideal and actual frequency response of a bandpass filter. 
 

 



 

Email (البريد الالكتروني للتدريسي) 

6 Al-Mustaqbal University / College of Engineering & Technology 
Department (اسم القسم) 

Class (المرحلة) 
Subject (اسم المادة) / Code (رمز المادة) 

Lecturer (اسم المحاضر) 
1st/2nd term – Lecture No. & Lecture Name (رقم واسم المحاضرة) 

 

 

 

 

4.Bandstop Filter 

A filter that prevents a band of frequencies between two designated values(𝜔1𝑎𝑛𝑑 𝜔2) 

from passing is variably known as a bandstop, bandreject, or notch filter. A bandstop 

filter is formed when the output RLC series resonant 

circuit is taken off the LC series combination as shown in Fig. 7. The transfer function 

is 

(7) 

 

 

 

 

 

 

Fig.7 bandstop filter 
 

(8) 
 

 

 

Fig.8 Ideal and actual frequency response of a bandstop filter. 

A bandpass filter is designed to pass all frequencies within a band of frequencies, 𝜔1 

< 𝜔0 < 𝜔2. 
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Here, 𝜔0is called the frequency of rejection, while the corresponding bandwidth (B= 𝜔2 − 

𝜔1)is known as the bandwidth of rejection. Thus, 

 

 Example 1: 

Determine what type of filter is shown in Fig. 9. Calculate the corner or cutoff frequency. 

Take 𝑅 = 2𝑘𝛺 ,𝐿 = 2 𝐻 𝑎𝑛𝑑 𝐶 = 2𝜇𝐹 

Solution: 

 the circuit is second order lowpass filter, the 

magnitude pf H is: 

 

  

A bandstop filter is designed to stop or eliminate all frequencies within a band of 

frequencies, 𝜔1 < 𝜔0 < 𝜔2. 


