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Chapter 2 Overview

What is a transmission line?
Why study transmission lines?
model
diffeq
solve diffeq
wave propagation
lossless xmission lines
    microstrip lines
    reflections
    standing waves
    impedance
    short, open
    matching
    power flow
smith chart
transients

Typical High-Frequency Circuit

Waves on line: old methods don't work

Pulse Voltage vs. time



Today's Lecture Coverage

Review Sections 2-1 through 2-5 of the book:
2-1: What is a transmission line?
       Why study transmission lines?
2-2: Lumped-Element Model
2-3: Governing Differential Eqns
2-4: Solve the Differential Equations
       Properties of the solution: wave propagation
2-5: Lossless Microstrip Line
2-6: Lossless Transmission Lines
2-7: Lossless Transmission Lines: Wave Impedance

Sections 2-8, 2-9 of the book:
2-8: Lossless Transmission Lines: Special Cases
2-9: Lossless Transmission Lines: Power Flow



Chapter 2 Review

• A transmission line connects a generator to a load.



Chapter 2 Review

Phase Delay due to length of transmission line:

l/𝛌 ≲ 0.01: Can ignore transmission-line effects
l/𝛌 ≳ 0.01: Must deal with phase shift, and other 
                  effects...



Chapter 2 Review

Different
geometries
for transmission
lines



Chapter 2 Review

All parameters are "per unit length":
R': Combined Resistance of BOTH conductors: ꭥ/m
L': Combined Inductance of BOTH conductors, H/m
G': Conductance of insulation 
      between inner and outer conductor, S/m
C': Capacitance 
      between inner and outer conductors, F/m

Lumped-Element Model:



Chapter 2 Review

Lumped-Element Values: geometry/materials/freq



Chapter 2 Review

Transmission-line governing Differential Equations



Chapter 2 Review

Transmission-line governing Differential Equation for V:



Complex propagation constant:

Where:
𝛾:   Units of 1/m
𝜶:  Attenuation constant, units of Np/m (>0 in this class)
𝜷:  Phase constant, units of rad/m

Np and radians are both "dimensionless", and are the 
conventional "units" for these parameters.

Chapter 2 Review



Chapter 2 Review

Form of the solution: traveling waves, going in both 
directions:



Chapter 2 Review

Solution in time-domain

Remaining unknowns are determined via specification 
of source and load.



• The wave equation for a general Transmission Line.

• General solution of the wave equation 
• It involves both incident and reflected waves

Chapter 2 Review



• Useful Relations for lossless Transmission Lines: 

 

(REAL)
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• Voltage reflection coefficient due to load:

• Load impedance in terms of  Γ:  
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• Concept of standing wave 

• Voltage magnitudes at any point on line:
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• Location of minima / maxima

Value of Vmax: 
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• Standing wave ratio S:
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    Wave Impedance:
    At a distance d from the load:
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Define the phase-shifted voltage 
reflection coefficient:

Z(d) is different than Z0:
Ratio of Total Voltage and 
Current

Recall:               
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Input impedance:
impedance of the transmission 
line at d=l:

Note that Zin is different from the 
Characteristic Impedance, and is different 
from the Load Impedance:
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Input impedance:
impedance of the transmission 
line at d=l:
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Voltage Amplitude:

We used the boundary conditions (ZL, Zg , Vg, l) to solve 
for the 2 unknowns.

This completes the solution of the transmission line 
differential equation.

Chapter 2 Review



2-8 Short-Circuited Line

For the short-circuited line: 



For the short-circuited line: 

2-8 Short-Circuited Line

repeats every 𝜆/2  (or: 𝜋 rad)



At its input, the line appears like 
an inductor or a capacitor 
depending on the sign of

2-8 Short-Circuited Line



Example 2-8

Given: short-circuited transmission line,
            Z0 = 50Ω, f = 2.25 GHz, up = 0.75c
Find: length, l, so that input impedance is the same 
as a capacitor with value 4pF.



Example 2-8

Solution:  Given:



Example 2-8

Solution:
we know that:
so:  



Example 2-8

Solution:  



Example 2-8

Solution:  

But the length can't be negative !



Example 2-8

Solution:

and since it repeats every 𝜆/2:  



Example 2-8

Solution:
with: 

so: 



2-8 Open-Circuited Line

repeats every 𝜆/2  (or: 𝜋 rad)



Example 2-8a

Given: open-circuited transmission line,
            Z0 = 50Ω, f = 2.25 GHz, up = 0.75c
Find: length, l, so that input impedance is the same 
as a capacitor with value 4pF.



Example 2-8a

Solution:  Given:



Example 2-8a

Solution:
we know that:
so:



Example 2-8a

Solution:  



Example 2-8a

Solution:

and since it repeats every 𝜆/2:



Example 2-8a

Solution:
with: 

so: 



2-8 Short-Circuit/Open-Circuit Method

Starting with:

multiply the 2 equations together:

so:



2-8 Short-Circuit/Open-Circuit Method

◻ Measure Zin twice:
○ when terminated in a short
○ when terminated in an open

Use both: get Z0:



Example 2-9a

Given: lossless transmission line
                                     ,    

Find: Z0

Solution:



2-8 Special Case: 𝜆/2

Recall the input impedance of a lossless line:

If the length is constrained to be a multiple of 𝜆/2:
                 𝛽l = (2𝜋/𝜆) (n𝜆/2) = n𝜋
so:
                   tan 𝛽l = tan n𝜋 = 0
Hence:
                Zin = Z0 zL = Z0 ZL /  Z0
                Zin = ZL



2-8 Special Case: 𝜆/2

Recall the input impedance of a lossless line:

If the length is constrained to be a multiple of 𝜆/2:
                 𝛽l = (2𝜋/𝜆) (n𝜆/2) = n𝜋
so:
                   tan 𝛽l = tan n𝜋 = 0
Hence:
                Zin = Z0 zL = Z0 ZL /  Z0
                Zin = ZL

       So for a line of length n𝜆/2, Zin = ZL !



2-8 Special Case: 𝜆/4



Example 2-10

Given: lossless transmission line above.
           Z01 = 50Ω, ZL = 100Ω
Find: Z02 to make Zin = 50Ω (Matched Line)



Example 2-10

Solution: We know:

so:

Plug in known values:



2-9 Instantaneous Power Flow

From EECS 215:

Power anywhere on the line, at any time t is:
                               



2-9 Instantaneous Power Flow

From EECS 215:

This looks like:

P = C (a+b)(a-b)

P = C (a2 + ab -ab - b2)

P = C (a2 - b2)
                               



2-9 Instantaneous Power Flow



2-9 Instantaneous Power Flow

The 2 terms are the Incident and Reflected power:



2-9 Instantaneous Power Flow



2-9 Instantaneous Power Flow

P oscillates at twice the frequency of V and I: 



2-9 Instantaneous Voltage

envelope

voltage(t)

voltage wavelength



2-9 Instantaneous Power

power wavelength

power(t)



To find the average of a signal over a time period:
1. Divide up time period into small bins
2. for each bin get the center value
3. add up all the areas: center value X dt
4. divide by the total time
5. take the limit as dt goes to zero

Average a Signal



2-9 Average Power Flow

 

For the incident power, average over one period: 



2-9 Average Power Flow



2-9 Average Power Flow



2-9 Average Power Flow



2-9 Average Power Flow

Similarly for the reflected power:



2-9 Average Power Flow

The average power absorbed 
by the load.



Given: Z0 = 50Ω, ZL = 100 + j 50 Ω
Find: fraction of the avg incident power that is 
reflected from the load

Exercise 2-17



Solution: the "fraction of the avg incident power 
that is reflected from the load" is just: |Ⲅ|2, so:

Exercise 2-17



Solution:

hence:  

Exercise 2-17



69

Homework

Homework 7 is due tomorrow at midnight.

submit to gradescope via the canvas site.



Next Time

Section 2-10:

The Smith Chart

(A graphical method to solve transmission line 
problems.)
                        


