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Course Learning Outcomes

1. Calculate the transmission lines characteristic parameters.

2. Analyze the wave propagation and standing waves on a 

transmission line.
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Introduction

 Transmission line (TL) is a two-port network; each port

consisting of two terminals: The sending end and receiving end.

 Basically, TL consists of two parallel conductors to connect a

SOURCE to a LOAD.

 The source connected to a sending end may be any circuit with

an output voltage such as a radar transmitter, an amplifier or a

computer terminal operating in transmitting mode.

REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.



General Considerations

 From circuit theory, any source can be represented by a

Thevenin-equivalent generator circuit consisting of a generator

voltage Vg in series with a generator resistance Rg.

 The generator voltage may consist of digital pulses, a modulated

time-varying sinusoidal signal or any other signal waveform.

 In case of A.C signals, the generator circuit is represented by a

voltage phasor Vg and an impedance Zg.

TL Transmitting End

REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.



General Considerations

 The circuit connected to the receiving end of the transmission 

line is called the load. The load can be:

 An antenna in the case of a radar,

 A computer terminal operating in receiving mode,

 An input terminal of an amplifier, or

 Any output circuit whose input terminals can be represented by 

an equivalent load resistance RL or a load impedance ZL in the

A.C. case.

TL Receiving End
REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.



Types of Transmission Lines

Coplanar waveguide Rectangular  

waveguide

 TEM Transmission Lines

 Higher order Transmission Lines

Optical fiber

REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.



Common Types of Transmission Lines
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dielectric

Two-

wires

Dielectric
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Cover
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Microstrip TL

https://images.app.goo.gl/831A7JPud1LD2GTk6



Lumped/Distributed Circuits of TL

 In lumped circuits, the entire circuit is at a single point. This means 

that the circuit components dimension are unimportant.

 Voltage & current do not vary across the component.

 Voltage applied at one point, the rest of the circuit reacts instantly.

 We don’t have to consider the travel time of the signal across 

components.

 Typical lumped elements are resistors, capacitors, and inductors.

Lumped circuits

REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.

𝐿𝑉 = 𝑉 𝑍𝐿𝑠 𝑍𝐿 + 𝑍𝐿𝑠
The load voltage𝑽𝑳 𝐢𝐬 𝐠𝐢𝐯𝐞𝐧 𝐛𝐲

No effect of the TL on the 

voltage at the load 

(short TL length)



Distributed circuits

Vin RL
There is a finite travel time for either the

voltage / current wave to propagate through the

circuit

1

I(1,t)

Load current does 

not change until

t = /v

 In distribution circuits, the current and voltage varies along the 

transmission line (TL) elements.

 Voltages and currents along the TL cannot respond simultaneously 

to the excitation.
 Phase change or transit time can not be neglected.


RS

 : length of TL, td: time delay

v : propagation velocity, Rs: resistance

RL: load resistance



Lumped/ Distributed Element Model for a TL

A small segment of the TL can be modeled as a lumped–element 

circuit commonly known as Distributed RLGC circuit Model.

Lumped–element
circuit

Distributed RLGC Circuit Model

R’ = series resistance per unit length for both conductors (Ω/m)
L’ = series inductance per unit length for both conductors (H/m)

G’ = shunt conductance per unit length (S/m)

C’ = shunt capacitance per unit length (F/m)

R’

G’

L’

C’



Transmission Line Parameters

 From the distributed circuit model of the transmission 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.

 TL parameters are used to calculate characteristic impedance

and propagation constant.



Representation/ Equivalent circuit of a two conductor line

Regardless of its actual shape, a transmission line is represented by the

parallel-wire configuration shown in (a). To analyze the voltage and current

relations, the line is subdivided into small differential sections (b), each of

which is then represented by an equivalent circuit (c).

REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.



Equivalent circuit

• The current in the line sets up a field and induces a voltage VL= 
 dt




L
di 

R’ = resistance per unit length , L’ = inductance per unit length 

G’ = conductance per unit length, C’ = capacitance per unit length 

Δz = increment of length

 Inductance and Capacitance are the most important parameters.

• The capacitance exists between the lines.

• Both L & C are distributed along the line.

• Both are not perfect, some attenuation (R' & G') always exists.

REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.



𝑅𝑠 = 𝜋𝑓𝜇𝑐/𝜎𝑐
Rs: surface resistance of the conductors
f: frequency

µc: conductorpermeabilityσc : conductorconductivity
:𝜺𝒓 electrical relativepermittivity𝝁𝒓 : magnetic relativepermeability

Transmission-line parameters R`, L`, G` and C` for three types of lines

𝜀 = 𝜀𝑜𝜀𝑟𝜇 = 𝜇𝑜𝜇𝑟
REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.



Example

A coaxial air transmission line operate at frequency

of 1 MHz. The line has an inner conductor diameter

of 0.6 cm and outer conductor diameter of 1.2 cm.

The conductors are made of copper with permeability

μC = μ0 and conductivity σC = 5.8 x107 S/m.

Calculate the transmission line parameters, R`, L`,G`

and C` .

REF. Fawwaz T. Ulaby (2005). Electromagnetics for Engineers, Prentice Hall International, London.



Solution
Since the transmission line is Coaxial air line the medium

between the wires is air ε=εo, µ= µo and σ=0

Given the line characteristics a=0.3 cm, b=0.6 cm, and µc=5.8x107 S/m

The transmission line parameter R`



When do we use lumped/distributed analysis?





T 
t

d V cos t  20

V t  V cos t  t 
 0 d

T = 1/f
= period of the signal

{v is the signal speed}

For steady state sinusoidal

applications, we can look at the one

way propagation delay td.

Say we have an input signal V in  V0 cost 
Then the voltage at a distance of  is delayed by td= / v,

This voltage is given as follow:



Illustration of the delay

Voltage at distance Z1 and Z2



Two options

1. td T (  λ) (λ is the wavelength, td time delayed )

Then the voltage at  distance is almost the same as the 

input voltage.

 Treat the line as a lumped system.

2. td comparable to T

In this case, the voltage down the line can be quite

different e.g. at td = 0.5T, V = -Vin

 Treat the line as a distributed system. 

So it depends on the frequency.

Rule of thumb: Use lumped analysis when td<0.1T, or more 

stringently when td < 0.01T
(  0.01λ)



Maximum lengths for lumped applications

Application Frequency Max length

( based on td = 0.01T)

Power Transmission 50Hz 60km (=td x v= 0.01T x v)

=0.01/50 x 3x108=60 km

Telephone 1kHz 3km

(0.01/1000 x 3x108=3 km)

TV 150Mhz 2cm

Radar/Microwave 10GHz 0.3mm

Visible light 51014 Hz 6nm

Maximum transmission length depends on frequency of the signal
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