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If an infinite line has a characteristic impedance ! ! = " " ##"  then adding one extra section will not 

alter this value. The impedance between terminals A and B of the circuit shown in figure 4 must 

therefore also be ! 0 and can be found by solving 
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In the idealised case of a lossless line !
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A generator with a real source impedance ! S will transmit maximum power to a load impedance 

equal to ! S "#$  a lossless transmission line of characteristic impedance Z! ! R"  independent of 

frequency. 
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Figure 4. An extra section is added to an infinite line. 
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Consider a coaxial cable comprising an inner conductor of radius $, enclosed in a conducting 

cylinder of inner radius % with the gap filled with dielectric material of relative permittivity !r. The 

capacitance per unit length of this cable is 
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The inductance per unit length &, can be found by equating to !
" ! ""

 the energy stored in the 

magnetic field created by a current '  flowing along the inner conductor and back along the shield. 

The magnetic field is 
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Figure 5. A 2-port network representing a length ! of lossy line. 

In real lines the imaginary part of ! 0 is not usually more than about 10% of the real part at 1MHz 

and, as it decreases at higher frequencies and only affects very long lines at lower frequencies, 

losses are not often a significant problem. A notable exception is an analogue telephone line which 

can be kilometres long and operates at kilohertz frequencies. The complex impedance causes 

dispersion and hence distortion that makes speech unintelligible. If it could be arranged that 

RC ! LG  then ! 0 would cease to be frequency dependent and there would be no distortion. Since 

RC > LG  and increasing G would cause unacceptable attenuation the cure is to insert inductors in 

series with the line at intervals of a fraction of a wavelength. In extreme cases the parameters (R, L, 

C and G) cease to be frequency independent (e.g. due to the skin effect) and direct application of 

Maxwell’s equations may be  required.  

The fact that pulses reflect from sudden changes in the line impedance is the basis for the technique 

of time domain reflectometry which is used to find faults in long transmission lines. A short pulse is 

applied to one end of the cable and by timing the arrival of reflections it is possible to learn the 

position, type (open- or short-circuit) and severity of faults without having to dig up the entire cable 

first. High-speed computer networks, which rely on transmission lines to carry the data can also be 

monitored in this way and, with luck and expensive test equipment, faults can oten be detected 

before they start to affect the computers. 
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