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Introduction

Reasons to consider the response of TX lines 
to sinusoidal excitations:
1. Power & communication signals are transmitted

as (modified) sinusoids.
2. Fourier analysis can deal with any excitation.
Natural (transient) response will decay rapidly.
Forced (steady-state) response is supported 
by the source, and will continue indefinitely.
By using phasors, we can introduce complex 
reflection coefficient and line impedance to 
simplify the analysis.



Outline

Phasor representations of TX lines 
equations and solutions
Reflection at discontinuity:
1. z-dependent reflection coefficient
2. z-dependent line impedance
Short-circuited lines
TX lines with resistive load
Power flow on TX lines



Sec. 4-1
Phasor Representations of the 
Equations & Solutions of TX 
Lines

1. Phasor representations of TX line 
equations

2. Phasor representation of voltage 
waves, phase velocity

3. Phasor representation of current 
waves, characteristic impedance



Phasor representations of TX line equations-1
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Phasor representations of TX line equations-2
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Phasor representation of voltage waves-1
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Phasor representation of voltage waves-2
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Phase velocity of the TX line:



Phasor representation of current waves-1

To solve the current phasor        :)(zI
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Phasor representation of voltage waves-2

Characteristic impedance of the TX line:
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Sec. 4-2
Reflection at Discontinuity

1. z-dependent reflection coefficient
2. z-dependent line impedance



Why does reflection occur?
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z-dependent reflection coefficient

Reflection coefficient of a loaded line:
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z-dependent line impedance

Line impedance of a loaded line:
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z-dependent parameters represented by constant impedances-1
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z-dependent parameters represented by constant impedances-2

Represent         by:)(zZ { }LZZ ,0 { }( )−+ VV ,  of instead
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Sec. 4-3
Selected Examples

1. Short-circuited load, standing wave
2. Resistive load, partial standing wave



Short-circuited line-1
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Short-circuited line-2
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Short-circuited line-3
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Short-circuited line-4

( ) ( )z
Z
Vee

Z
V

Z
zV

Z
zVzI zj

L
zj βββ cos2)()()(

0000

+
−

+−+

=Γ−=−=

{ } ( ) ( )+
+

+⋅=⋅= φωβω tz
Z
V

ezItzi tj coscos
2

)(Re),(
0 spatial temporal

1−



Short-circuited line-5
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TX lines with resistive load-1
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TX lines with resistive load-2
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TX lines with resistive load-3

The amplitude of temporal oscillation ~ the 
spatial distribution of the phasor magnitude:
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Example 4-3: TX line with a high resistive load-1
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Example 4-3: TX line with a high resistive load-2
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Example 4-3: TX line with a high resistive load-3

Amplitude of temporal oscillation:
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Example 4-3: TX line with a low resistive load
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Comparison between TX lines with high & low resistive loads
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TX line with a complex load-1
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TX line with a complex load-2
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Sec. 4-4
Power Flow on TX Lines



Power flow on TX lines-1

Instantaneous power at position z:
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Power flow on TX lines-2
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Power flow on TX lines-3

Power carried by forward traveling wave:
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Example 4-4: Powers of a TX line with a resistive load-1
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Example 4-4: Powers of a TX line with a resistive load-2

Find the equivalent circuit of the loaded TX line
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Example 4-4: Powers of a TX line with a resistive load-3
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How to maximize the transmitted power      ?

Ω 50
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 W5.61=totP

 W3.42=SP
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LP

When the load impedance ZL is not matched to 
Z0, a fraction of the source power would be 
consumed by the internal impedance ZS.



Impedance match by a short-circuited stub

Add a shunt short-circuited line with proper length l at a 
proper distance d from ZL, s.t. the equivalent impedance 
(admittance) at BB' happens to be Z0 (R0).


