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1. Explain in detail the wave-form distortion and also derive the condition for distortion 

less line. 

 

Waveform Distortion: Signal transmitted over lines are normally complex and consists 

of many frequency components. For ideal transmission, the waveform at the line-receiving end 

must be the same as the waveform of the original input signal. The condition requires that all 

frequencies have the same attenuation and the same delay caused by a finite phase velocity or 

velocity of propagation. 

When these conditions are not satisfied, distortion exists. The distortions occurring in the 

transmission line are called waveform distortion or line distortion Waveform distortion is of two 

types: 

a) Frequency distortion 

b) Phase or Delay Distortion. 

 

a) Frequency distortion: 

In general, the attenuation function is a function of frequency. Attenuation function specifies the 

attenuation or loss incurred in the line while the signal is propagating. When a signal having 

many frequency components are transmitted along the line, all the frequencies will not have 

equal attenuation and hence the received end waveform will not be identical with the input 

waveform at the sending end because each frequency is having different attenuation. This type of 

distortion is called frequency distortion. That is, when the attenuation constant is not a function 

of frequency, frequency distortion does not exist on transmission lines. 

In order to reduce frequency distortion occurring in the line, 

a) The attenuation constant should be made independent of frequency. 

b) By using equalizers at the line terminals which minimize the frequency distortion. 
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Equalizers are networks whose frequency and phase characteristics are adjusted to be inverse to 

those of the lines, which result in a uniform frequency response over the desired frequency band, 

and hence the attenuation is equal for all the frequencies. 

 

 

b) Delay distortion: 

When a signal having many frequency components are transmitted along the line, all the 

frequencies will not have same time of transmission, some frequencies being delayed more than 

others. So the received end waveform will not be identical with the input waveform at the 

sending end because some frequency components will be delayed more than those of other 

frequencies. This type of distortion is called phase or delay distortion. 

It is that type of distortion in which the time required to transmit the various frequency 

components over the line and the consequent delay is not a constant. 

This is, when velocity is independent of frequency, delay distortion does not exist on the 

lines. 

In general, the phase function is a function of frequency. Since v= ω / β, it will be independent of 

frequency only when β is equal to a constant multiplied by ω 

In order to reduce frequency distortion occurring in the line, 

a) The phase constant _ should be made dependent of frequency.  

b) The velocity of propagation is independent of frequency. 

c) By using equalizers at the line terminals which minimize the frequency distortion. 

Therefore, to conclude that a transmission line will have neither delay nor frequency 

distortion only if α is independent of frequency and β should be a function of frequency. 

The value of the attenuation constant α has been determined that 

 

In general α is a function of frequency. All the frequencies transmitted on a line will then not be 

attenuated equally. A complex applied voltage, such as voice voltage containing many 

frequencies, will not have all frequencies transmitted with equal attenuation, and the received for 

will be identical with the input waveform at the sending end. This variation is known as 

frequency distortion. 
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Phase Distortion 

All the frequencies applied to a transmission line will not have the same time of transmission, 

some frequencies delayed more than the others. For an applied voice voltage waves the received 

waves will not be identical with the input wave form at the receiving end, since some 

components will be delayed more than those of the other frequencies. This phenomenon is 

known as delay or phase distortion. 

It is apparent that ω and β do not both involve frequency in same manner and that the 

velocity of propagation will in general be some function of frequency. 

Frequency distortion is reduced in the transmission of high quality radio broadcast programs 

over wire line by use of equalizers at line terminals These circuits are networks whose frequency 

and phase characteristics are adjusted to be inverse to those of the lines, resulting in an overall 

uniform frequency response over the desired frequency band. Delay distortion is relatively minor 

importance to voice and music transmission because of the characteristics of ear. It can be very 

series in circuits intended for picture transmission, and applications of the co axial cable have 

been made to overcome the difficulty. In such cables the internal inductance is low at high 

frequencies because of skinn effect, the resistance small because of the large conductors, and 

capacitance and leakance are small because of the use of air dielectric 

with a minimum spacers. The velocity of propagation is raised and made more nearly equal for 

all frequencies. 

 

THE DISTORTION LESS LINE 

It is desirable, however to know the condition on the line parameters that allows 

propagation without distortion. The line having parameters satisfy this condition is termed as a 

distortion less line. 

The condition for a distortion less line was first investigated by Oliver Heaviside. Distortion less 

condition can help in designing new lines or modifying old ones to minimize distortion. 

A line, which has neither frequency distortion nor phase distortion is called a distortion less line. 

Condition for a distortion less line 

The condition for a distortion less line is RC=LG. Also, 

a) The attenuation constant _ should be made independent of frequency. α = RG 
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b) The phase constant _ should be made dependent of frequency. β = ω LC 

c) The velocity of propagation is independent of frequency. V=1 / LC 

For the telephone cable to be distortion less line, the inductance value should be increased by 

placing lumped inductors along the line. 

For a perfect line, the resistance and the leakage conductance value were neglected. The 

conditions for a perfect line are R=G=0. Smooth line is one in which the load is terminated by its 

characteristic impedance and no reflections occur in such a line. It is also called as flat line. 

The distortion less line 

If a line is to have neither frequency nor delay distortion, then attenuation constant and 

velocity of propagation cannot be function of frequency. Then the phase constant be a direct 

fuction of frequency 

 

The above equation shows that if the the term under the second radical be reduced to equal  

 

Then the required condition for ß is obtained.  

Expanding the term under the internal radical and forcing the equality gives 

 

This reduces to 

 

Therefore the condition that will make phase constant a direct form is LG = CR 

A hypothetical line might be built to fulfill this condition. The line would then have a value of ß 

obtained by use of the above equation. 

Already we know that the formula for the phase constant β = _ LC 

Then the velocity of propagation will be v = 1/ LC 

This is the same for the all frequencies, thus eliminating the delay distortion. 

May be made independent of frequency if the term under the internal radical is forced to reduce 

to 

(RG +_ LC)2 
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Analysis shows that the condition for the distortion less line LG = CR , will produce the 

desired result, so that it is possible to make attenuation constant and velocity independent of 

frequency simultaneously. Applying the condition LG= RC to the expression for the attenuation 

gives 

α = RG 

This is the independent of frequency, thus eliminating frequency distortion on a line. To 

achieve 

LG = CR L = R 

C G 

Require a very large value of L, since G is small. If G is intentionally increased, attenuation are 

increased, resulting in poor line efficiency. To reduce R raises the size and cost of the conductors 

above economic limits, so that the hypothetical results cannot be achieved. 

Propagation constant is as the natural logarithm of the ratio of the sending end current or voltage 

to the receiving end current or voltage of the line. It gives the manner in the wave is propagated 

along a line and specifies the variation of voltage and current in the line as a function of distance. 

Propagation constant is a complex quantity and is expressed as γ= α + j β. 

The real part is called the attenuation constant, whereas the imaginary part of propagation 

constant is called the phase constant. 

 

2. Define loading and explain different types of loading? 

In ordinary telephone cables, the wires are insulated with paper and twisted in pairs, 

therefore there will not be flux linkage between the wires, which results in negligible 

inductance, and conductance. If this is the case, there occurs frequency and phase distortion in 

the line. 

Quarter wave length 

For the case where the length of the line is one quarter wavelength long, or an odd multiple of a 

quarter wavelengths long, the input impedance becomes 

 

Matched load 
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Another special case is when the load impedance is equal to the characteristic impedance of the 

line (i.e. the line is matched), in which case the impedance reduces to the characteristic 

impedance of the line so that 

 

 

For all l and all λ. 

Short : For the case of a shorted load (i.e. ZL = 0), the input impedance is purely imaginary and a 

periodic function of position and wavelength (frequency) 

 

Open: For the case of an open load (i.e), the input impedance is once again imaginary and 

periodic 

 

 

3. Explain the line not terminated in Z0. 

The insertion loss of a line or network is defined as the number of nepers or decibels by 

which the current in the load is changed by the insertion . Insertion loss=Current flowing in the 

load without insertion of the Network Current flowing in the load with insertion of the network. 

Coaxial cable 

Coaxial lines confine the electromagnetic wave to the area inside the cable, between the 

center conductor and the shield. The transmission of energy in the line occurs totally through the 

dielectric inside the cable between the conductors. Coaxial lines can therefore be bent and 

twisted (subject to limits) without negative effects, and they can be strapped to conductive 

supports without inducing unwanted currents in them. 

In radio-frequency applications up to a few gigahertz, the wave propagates in the 

transverse electric and magnetic mode (TEM) only, which means that the electric and magnetic 

fields are both perpendicular to the direction of propagation (the electric field is radial, and the 

magnetic field is circumferential). However, at frequencies for which the wavelength (in the 

dielectric) is significantly shorter than the circumference of the cable, transverse electric (TE) 

and transverse magnetic (TM) waveguide modes can also propagate. 

When more than one mode can exist, bends and other irregularities in the cable geometry can 

cause power to be transferred from one mode to another. 
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The most common use for coaxial cables is for television and other signals with 

bandwidth of multiple megahertz. In the middle 20th century they carried long distance 

telephone connections. 

 

 

Microstrip 

A microstrip circuit uses a thin flat conductor which is parallel to a ground plane. 

Microstrip can be made by having a strip of copper on one side of a printed circuit board (PCB) 

or ceramic substrate while the other side is a continuous ground plane. The width of the strip, the 

thickness of the insulating layer (PCB or ceramic) and the dielectric constant of the insulating 

layer  determine the characteristic impedance. Microstrip is an open structure whereas coaxial 

cable is a closed structure. 

Stripline 

A stripline circuit uses a flat strip of metal which is sandwiched between two parallel 

ground planes. The insulating material of the substrate forms a dielectric. The width of the strip, 

the thickness of the substrate and the relative permittivity of the substrate determine the 

characteristic impedance of the strip which is a transmission line. 

Balanced lines 

A balanced line is a transmission line consisting of two conductors of the same type, and 

equal impedance to ground and other circuits. There are many formats of balanced lines, 

amongst the most common are twisted pair, star quad and twin-lead. 

Twisted pair 

Twisted pairs are commonly used for terrestrial telephone communications. In such 

cables, many pairs are grouped together in a single cable, from two to several thousand. 

The format is also used for data network distribution inside buildings, but in this case the cable 

used is more expensive with much tighter controlled parameters and either two or four pairs per 

cable. 

Single-wire line 

Unbalanced lines were formerly much used for telegraph transmission, but this form of 

communication has now fallen into disuse. Cables are similar to twisted pair in that many cores 

are bundled into the same cable but only one conductor is provided per circuit and there is no 
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twisting. All the circuits on the same route use a common path for the return current (earth 

return). There is a power transmission version of single-wire earth return in use in many 

locations. 

 

 

Waveguide 

Waveguides are rectangular or circular metallic tubes inside which an electromagnetic 

wave is propagated and is confined by the tube. Waveguides are not capable of transmitting the 

transverse electromagnetic mode found in copper lines and must use some other mode. 

Consequently, they cannot be directly connected to cable and a mechanism for launching the 

waveguide mode must be provided at the interface. 

 

4. Explain in detail the wavelength, velocity and propagation of the infinite line? 

Wavelength 

The distance the wave travels along the line while the phase angle is changed through 2Πradians 

is called wavelength. 

λ =2п/ ß 

The change of 2п in phase angle represents one cycle in time and occurs in a distance of one 

wavelength, 

λ= v/f 

VeIocity 

V= f λ 

V=ω/ ß 

This is the velocity of propagation along the line based on the observation of the change in the 

phase angle along the line. It is measured in miles/second if ß is in radians per meter. 

 

Propagation: 

We know that 

Z = R + j ωL 

Y= G+j ωC 

Then 
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γ= α+j ß =√(ZY) 

γ=√(RG -ω 2 LC + jω (LG + CR)) 

Squaring on both sides 

α 2 + 2 jαβ - β 2 = RG -ω2 LC + jω(LG + RC) 

Equating real parts and imaginary parts we get α a n d β v a l u e s 

In a perfect line R=0 and G = 0 , Then the above equation would be 

β = ω √ ( LC) 

And the velocity of propagation for such an ideal line is given by 

γ=ω√β 

Thus the above equation showing that the line parameter values fix the velocity of propagation. 

 

5. Derive the expression for Reflection coefficient? 

Reflection coefficient: 

The reflection coefficient is used in physics and electrical engineering when wave 

propagation in a medium containing discontinuities is considered. A reflection coefficient 

describes either the amplitude or the intensity of a reflected wave relative to an incident 

wave. The reflection coefficient is closely related to the transmission coefficient. 

Reflection occurs because of the following cases: 

1) When the load end is open circuited 

2) When the load end is short-circuited 

3) When the line is not terminated in its characteristic impedance. 

When the line is either open or short circuited, then there is not resistance at the receiving 

end to absorb all the power transmitted from the source end. Hence all the power incident on the 

load gets completely reflected back to the source causing reflections in the line. When the line is 

terminated in its characteristic impedance, the load will absorb some power and some will be 

reflected back thus producing reflections. 

Reflection Coefficient can be defined as the ratio of the reflected voltage to the incident voltage 

at the receiving end of the line Reflection Coefficient K=Reflected Voltage at load /Incident 

voltage at the load. 

K=Vr/Vi 
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Telecommunications In telecommunications, the reflection coefficient is the ratio of the 

amplitude of the reflected wave to the amplitude of the incident wave. In particular, at a 

discontinuity in a transmission line, it is  he complex ratio of the electric field strength of the 

reflected wave (E− ) to that of the incident wave (E + ). This is typically represented with a Γ 

(capital gamma) and can be written as 

 

The reflection coefficient may also be established using other field or circuit quantities. 

The reflection coefficient can be given by the equations below, where ZS is the 

impedance toward the source, ZL is the impedance toward the load: 

 

 

 

 

Simple circuit configuration showing measurement location of reflection coefficient.  

Notice that a negative reflection coefficient means that the reflected wave receives a 180°, or π, 

phase shift. The absolute magnitude (designated by vertical bars) of the reflection coefficient can 

be calculated from the standing wave ratio, 

SWR:  
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UNIT III 

PART - A 

1. List the applications of the smith chart.                    [M/J – 12] 

The applications of the smith chart are: 

i. It is used to find the input impendence and input admittance of the line 

ii. The smith chart also used for lossy transmission lines 

iii. To implement single stub matching      

2. Why is double stub matching preferred over single stub matching? 

                   [M/J – 12], [A/M – 05]                                                                        

     Double  stub  matching  is  preferred  over  single  stub matching  due  to  the  disadvantages 

of single stub matching. 

i. Single stub matching is useful for a fixed frequency. As the frequency changes the 

location of single stub will also changed. So Double stub matching is preferred. 

ii. The single stub matching system is based on the measurement of voltage 

minimum. Hence  for  the coaxial  line  it  is  very  difficult  to  get  such                                    

voltage minimum, without using slotted line section. 

3. What is the use of an eighth wave line?                     [N/D – 06] 

An eighth wave is used to obtain a magnitude match between resistances of any value with 

source of internal resistance R0. 

4. Why is a quarter wave lines called an impedance inverter?                  [N/D – 03] 

A quarter wave lines called an impedance inverter because the line can transform a low 

impendence in to high impedance and vice versa. 

5. What is the significance of a half wavelength line?        [M/J – 07] 

The significance of a half wavelength line is to connect load to a source where the load source 

cannot be made adjacent.  

6.  Define – Standing Wave Ratio                         [N/D – 11], [M/J – 07] 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



Standing wave ratio is the ratio of the maximum to minimum magnitude of voltages or 

currents over a line. 

 

7. What are nodes and antinodes on a line? 

Nodes are the points over the line where magnitude of voltage or current is zero. Antinodes 

are the points over the line magnitude of voltage or current is maximum. 

8. What are the assumptions for the analysis of radio frequency line? 

The following assumptions are made for the analysis of radio frequency line 

i. Due to the skin effect, the currents are assumed to flow on the surface of the 

conductor 

ii. The leakage conductance (G) is zero 

iii. The resistance R increases with  while inductance L increases with f. Hence        

L>>R.   

9.What is the relationship between standing wave ratio and reflection coefficient?       

[M/J–2012] 

 The relationship between standing wave ratio and reflection coefficient is given by                                                                                                         

 

 

PART –B 

 

1. Explain in detail, the single stub matching. 

 

Transmission line impedance matching 

Transmission lines are used for the transmission of power and information. For radio 

frequency power transmission it is highly desirable that as much power as possible is transmitted 

from the generator to the load and as little power as possible is lost on the line itself. This will 

require that the load be matched to the characteristic impedance of the line so that the standing-

wave ratio on the line is as close to unity as possible. For information transmission it is essential 

that the lines be matched because reflections from mismatched loads and junctions will result in 

echoes and will distort the information-carrying signal. We note parenthetically that the methods 

we develop will be of little consequence to power transmission by 60(Hz) lines in as much as 
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these lines are generally very short in comparison to the 5(mm) wavelength and the line losses 

are appreciable. Sixty-hertz power-line circuits are usually analyzed. 

Impedance matching by single-stub 

We will now look into the problem of matching a load impedance ZL to a lossless line 

that has a characteristic impedance R0by placing a single short-circuited stub in parallel with the 

line, as shown in fig.  

 

  This is the single-stub method for impedance matching. We need to determine the length 

of the stub, l, and the distance from the load, d, such that the impedance of the parallel 

combination to the right of points B-B' equals R0. Short-circuited stubs are usually used in 

preference to open-circuited stubs because infinite terminating impedance is more difficult to 

realize than a zero terminating impedance for reasons of radiation from an open end and 

coupling effects with neighboring objects. Moreover, a short-circuited stub of an adjustable 

length and a constant characteristic resistance is much easier to construct than an open-circuited 

one. Of course, the difference in the required length for an open-circuited stub and that for a 

short-circuited stub is an odd multiple of a quarter-wavelength. 

The parallel combination of a line terminated in ZL and a stub at points B-B' in the above 

figure suggest that it is advantageous to analyze the matching requirements in terms of 

admittances. 

 The basic requirement is  

Yi =YB +Y S  

Y0 =admittances, the above equation becomes,  
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1=yB +yS,  

where yB = R0 YB is for the load section and ys = R0 YS is for the short-circuited stub. However , 

since the input admittance of a short-circuited stub is purely susceptive, ys is purely imaginary. 

Using the Smith chart as an admittance chart, we proceed as follows for single-stub matching: 

 Enter the point representing the normalized load admittance yL. 

 

 Draw the |Γ|-circle for yL, which will intersect the g=1 circle at two points. At these 

points, yB1 = 1+jbB1 and yB2= 1 + jbB2. Both are possible solutions. 

 

 Determine load-section lengths d1 and d2 from the angles between the point representing 

yL and the points representing yB1 and yB2. 

 

 Determine stub lengths lB1 and lB2 from the angles between the short-circuit point on the 

extreme right of the chart to the points representing -jbB1 and -jbB2, respectively. 

2. Explain in detail, the Quarter-wave impedance transformer. 

Quarter-wave impedance transformer 

A quarter-wave impedance transformer, often written as λ/4 impedance transformer, is a 

component used in electrical engineering consisting of a length of transmission line or 

waveguide exactly one-quarter of a wavelength (λ) long and terminated in some known 

impedance. The device presents at its input the dual of the impedance with which it is 

terminated. 

It is a similar concept to a stub; but whereas a stub is terminated in a short (or open) 

circuit and the length is chosen so as to produce the required impedance, the λ/4 transformer is 

the other way around; it is a pre-determined length and the termination is designed to produce the 

required impedance. 
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3. Explain in detail, the open and short circuited lines. 

 

Short Circuited Stub 
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Open Circuited Stub 
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