
SUBJECT: NETWORK   FILTERS  AND  TRANSMISSION  LINES 

(Dept. of Electronics Engineering) 

INTRODUCTION: 

“Why is the network slow?” 

“Why can’t I access my e-mail?” 

“Why can’t I get to the shared drive?” 

“Why is my computer acting strange?”  

If you are a systems administrator, network engineer, or security engineer you have heard these 

questions countless times. Thus begins the tedious and sometimes painful journey of 

troubleshooting. You start by trying to replicate the problem from your computer, but you can’t 

connect to the local network or the Internet either. What should you do? Go to each of the 

servers and make sure they are up and functioning? Check that your router is functioning? Check 

each computer for a malfunctioning network card? 

 Now consider this scenario. You go to your main network switch or border router and configure 

one of the unused ports for port mirroring. You plug in your laptop, fire up your network 

analyzer, and see thousands of Transmission Control Protocol (TCP) packets (destined for port 

25) with various Internet Protocol (IP) addresses.  

WHAT IS NETWORK ANALYSIS AND SNIFFING? 

 Network analysis (also known as traffic analysis, protocol analysis, sniffing, packet analysis, 

eavesdropping, and so on) is the process of capturing network traffic and inspecting it closely to 

determine what is happening on the network.A network analyzer decodes the data packets of 

common protocols and displays the network traffic in readable format.A sniffer is a program that 

monitors data traveling over a network. Unauthorized sniffers are dangerous to network security 

because they are difficult to detect and can be inserted almost anywhere, which makes them a 

favorite weapon of hackers.  

A network analyzer can be a standalone hardware device with specialized software, or software 

that is installed on a desktop or laptop computer. The differences between network analyzers 

depend on features such as the number of supported protocols it can decode, the user interface, 

and its graphing and statistical capabilities. Other differences include inference capabilities (e.g., 

expert analysis features) and the quality of packet decodes. Although several network analyzers 

decode the same protocols, some will work better than others for your environment. 

 



 

CHAPTER-1:  NETWORKS 

A network, in the context of electronics, is a collection of interconnected components. 

 Network analysis is the process of finding the voltages across, and the currents through, every 

component in the network. There are many different techniques for calculating these values. 

However, for the most part, the applied technique assumes that the components of the network 

are all linear.  

A useful procedure in network analysis is to simplify the network by reducing the number of 

components. This can be done by replacing the actual components with other notional 

components that have the same effect. A particular technique might directly reduce the number 

of components, for instance by combining impedances in series. On the other hand, it might 

merely change the form into one in which the components can be reduced in a later operation. 

 For instance, one might transform a voltage generator into a current generator using Norton's 

theorem in order to be able to later combine the internal resistance of the generator with a 

parallel impedance load. 

CLASSIFICATION OF NETWORK: 

In general, it is easy to analyze any electrical network, if it is represented with an equivalent 

model, which gives the relation between input and output variables. For this, we can use two 

port network representations. As the name suggests, two port networks contain two ports. 

Among which, one port is used as an input port and the other port is used as an output port. The 

first and second ports are called as port1 and port2 respectively. 

One port network is a two terminal electrical network in which, current enters through one 

terminal and leaves through another terminal. Resistors, inductors and capacitors are the 

examples of one port network because each one has two terminals. One port network 

representation is shown in the following figure. 

 

https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Linear


 

Two port network is a pair of two terminal electrical network in which, current enters through 

one terminal and leaves through another terminal of each port. Two port network representation 

is shown in the following figure. 

 

Here, one pair of terminals, 1 & 1’ represents one port, which is called as port1 and the other 

pair of terminals, 2 & 2’ represents another port, which is called as port2. 

OTHER IMPORTANT TYPES OF NETWORKS: 

T- Network: 

 

Lattice network: 

 



IMPEDANCE: denoted Z, is an expression of the opposition that an electronic component, 

circuit, or system offers to alternating and/or direct electric current.  

Impedance is a vector (two-dimensional)quantity consisting of two independent scalar (one-

dimensional) phenomena: resistance and reactance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER-2: ATTENUATOR 

An attenuator is a two port resistive network designed to weaken or “attenuate” (hence their 

name) the power being supplied by a source to a level that is suitable for the connected load. 

The Passive Attenuator is a purely passive resistive network (hence no supply) which is used in 

a wide variety of electronic equipment for extending the dynamic range of measuring equipment 

by adjusting signal levels, to provide impedance matching of oscillators or amplifiers to reduce 

the effects of improper input/output terminations, or to simply provide isolation between 

different circuit stages depending upon their application as shown. 

ATTENUATOR CONNECTION: 

 

Simple attenuator networks (also known as “pads”) can be designed to produce a fixed degree of 

“attenuation” or to give a variable amount of attenuation in pre-determined steps. Standard fixed 

attenuator networks generally known as an “attenuator pad” are available in specific values from 

0 dB to more than 100 dB. Variable and switched attenuators are basically adjustable resistor 

networks that show a calibrated increase in attenuation for each switched step, for example steps 

of -2dB or -6dB per switch position. 

Then an Attenuator is a four terminal (two port) passive resistive network (active types are also 

available which use transistors and integrated circuits) designed to produce “distortionless” 

attenuation of the output electrical signal at all frequencies by an equal amount with no phase 

shift unlike a passive type RC filter network, and therefore to achieve this attenuators should be 

made up of pure non-inductive and not wirewound resistances, since reactive elements will give 

frequency discrimination. 

SIMPLE PASSIVE ATTENUATOR: 

 



DEGREES OF ATTENUATION: 

An attenuators performance is expressed by the number of decibels the input signal has 

decreased per frequency decade (or octave). The decibel, abbreviated to “dB”, is generally 

defined as the logarithm or “log” measure of the voltage, current or power ratio and represents 

one tenth 1/10th of a Bel (B). In other words it takes 10 decibels to make one Bel. Then by 

definition, the ratio between an input signal (Vin) and an output signal (Vout) is given in 

decibels as: 

DECIBEL ATTENUATION: 

 

Note that the decibel (dB) is a logarithmic ratio and therefore has no units. So a value of -140dB 

represents an attenuation of 1:10,000,000 units or a ratio of 10 million to 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER-3: FILTER 

 

A filter is an AC circuit that separates some frequencies from others within mixed-frequency 

signals.Audio equalizers and crossover networks are two well-known applications of filter 

circuits.A Bode plot is a graph plotting waveform amplitude or phase on one axis and frequency 

on the other. 

It is sometimes desirable to have circuits capable of selectively filtering one frequency or 

range of frequencies out of a mix of different frequencies in a circuit. A circuit designed to 

perform this frequency selection is called a filter circuit, or simply a filter. A common need for 

filter circuits is in high-performance stereo systems, where certain ranges of audio frequencies 

need to be amplified or suppressed for best sound quality and power efficiency. You may be 

familiar with equalizers, which allow the amplitudes of several frequency ranges to be 

adjusted to suit the listener’s taste and acoustic properties of the listening area. You may also 

be familiar with crossover networks, which block certain ranges of frequencies from reaching 

speakers. A tweeter (high-frequency speaker) is inefficient at reproducing low-frequency 

signals such as drum beats, so a crossover circuit is connected between the tweeter and the 

stereo’s output terminals to block low-frequency signals, only passing high-frequency signals 

to the speaker’s connection terminals. This gives better audio system efficiency and thus better 

performance. Both equalizers and crossover networks are examples of filters, designed to 

accomplish filtering of certain frequencies. 

Another practical application of filter circuits is in the “conditioning” of non-sinusoidal 

voltage waveforms in power circuits. Some electronic devices are sensitive to the presence of 

harmonics in the power supply voltage, and so require power conditioning for proper 

operation. If a distorted sine-wave voltage behaves like a series of harmonic waveforms added 

to the fundamental frequency, then it should be possible to construct a filter circuit that only 

allows the fundamental waveform frequency to pass through, blocking all (higher-frequency) 

harmonics.. 

TYPES OF FILTERS: 

Filters are mainly classified into four types based on the band of frequencies that are allowing 

and / or the band of frequencies that are rejecting. Following are the types of filters. 

 Low Pass Filter 

 High Pass Filter 

 Band Pass Filter 

 Band Stop Filter 

 

https://www.allaboutcircuits.com/textbook/alternating-current/chpt-1/ac-waveforms/


THE HIGH PASS FILTER CIRCUIT: 

 

In this circuit arrangement, the reactance of the capacitor is very high at low frequencies so the 

capacitor acts like an open circuit and blocks any input signals at VIN until the cut-off frequency 

point ( ƒC ) is reached. Above this cut-off frequency point the reactance of the capacitor has 

reduced sufficiently as to now act more like a short circuit allowing all of the input signal to pass 

directly to the output as shown below in the filters response curve. 

FREQUENCY RESPONSE OF A 1ST ORDER HIGH PASS FILTER: 

 

  

The Bode Plot or Frequency Response Curve above for a passive high pass filter is the exact 

opposite to that of a low pass filter. Here the signal is attenuated or damped at low frequencies 

with the output increasing at +20dB/Decade (6dB/Octave) until the frequency reaches the cut-off 



point ( ƒc ) where again R = Xc. It has a response curve that extends down from infinity to the 

cut-off frequency, where the output voltage amplitude is 1/√2  = 70.7% of the input signal value 

or -3dB (20 log (Vout/Vin)) of the input value. 

Also we can see that the phase angle ( Φ ) of the output signal LEADS that of the input and is 

equal to +45
o
 at frequency ƒc. The frequency response curve for this filter implies that the filter 

can pass all signals out to infinity. However in practice, the filter response does not extend to 

infinity but is limited by the electrical characteristics of the components used. 

The cut-off frequency point for a first order high pass filter can be found using the same equation 

as that of the low pass filter, but the equation for the phase shift is modified slightly to account 

for the positive phase angle as shown below. 

CUT-OFF FREQUENCY AND PHASE SHIFT: 

 

  

The circuit gain, Av which is given as Vout/Vin (magnitude) and is calculated as: 

 

 

 

 

 

 

 



CHAPTER-4: TRANSMISSION LINES 

In communications and electronic engineering, a transmission line is a specialized cable or 

other structure designed to conduct alternating current of radio frequency, that is, currents with 

a frequency high enough that their wave nature must be taken into account. Transmission lines 

are used for purposes such as connecting radio transmitters and receivers with 

their antennas (they are then called feed lines or feeders), distributing cable 

television signals, trunklines routing calls between telephone switching centres, computer 

network connections and high speed computer data buses. 

For the purposes of analysis, an electrical transmission line can be modelled as a two-port 

network (also called a quadripole), as follows: 

 

 

 

In the simplest case, the network is assumed to be linear (i.e. the complex voltage across either 

port is proportional to the complex current flowing into it when there are no reflections), and the 

two ports are assumed to be interchangeable. If the transmission line is uniform along its length, 

then its behaviour is largely described by a single parameter called the characteristic impedance, 

symbol Z0. This is the ratio of the complex voltage of a given wave to the complex current of the 

same wave at any point on the line. Typical values of Z0 are 50 or 75 ohms for a coaxial cable, 

about 100 ohms for a twisted pair of wires, and about 300 ohms for a common type of untwisted 

pair used in radio transmission. 

When sending power down a transmission line, it is usually desirable that as much power as 

possible will be absorbed by the load and as little as possible will be reflected back to the source. 

This can be ensured by making the load impedance equal to Z0, in which case the transmission 

line is said to be matched. 

 

PARAMETERS OF TRANSMISSION LINE: 

The performance of transmission line depends on the parameters of the line. The transmission 

line has mainly four parameters, resistance, inductance, capacitance and shunt conductance. 

These parameters are uniformly distributed along the line. Hence, it is also called the distributed 

parameter of  the transmission line. 

https://en.wikipedia.org/wiki/Telecommunications_engineering
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The inductance and resistance form series impedance whereas the capacitance and conductance 

form the shunt admittance. Some critical parameters of transmission line are explained below in 

detail 

Line inductance – The current flow in the transmission line induces the magnetic flux.When the 

current in the transmission line changes, the magnetic flux also varies due to which emf induces 

in the circuit. The magnitude of inducing emf depends on the rate of change of flux. Emf 

produces in the transmission line resist the flow of current in the conductor, and this parameter is 

known as the inductance of the line. 

Line capacitance – In the transmission lines, air acts as a dielectric medium. This dielectric 

medium constitutes the capacitor between the conductors, which store the electrical energy, or 

increase the capacitance of the line. The capacitance of the conductor is defined as the present of 

charge per unit of potential difference. 

Capacitance is negligible in short transmission lines whereas in long transmission; it is the most 

important parameter. It affects the efficiency, voltage regulation, power factor and stability of the 

system. 

Shunt conductance – Air act as a dielectric medium between the conductors. When the 

alternating voltage applies in a conductor, some current flow in the dielectric medium because of 

dielectric imperfections. Such current is called leakage current. Leakage current depends on the 

atmospheric condition and pollution like moisture and surface deposits. 

Shunt conductance is defined as the flow of leakage current between the conductors. It is 

distributed uniformly along the whole length of the line. The symbol Y represented it, and it is 

measured in Siemens. 

https://circuitglobe.com/wp-content/uploads/2016/04/transmission-line-model-compressor.jpg

