
Chapter 2 Transmission line fundamentals

2.1 Introduction
comparison of microwave transmission lines, losses,
skin depth, ac resistance

2.2 Concepts of two-wire lines
transmission line equation, solution, characteristic impedance,
input impedance

2.3 Free space characteristic impedance
intrinsic impedance, wave impedance

2.4 Matched terminations
load match, source match, conjugated match
maximum power transfer

2.5 Propagation velocity, velocity factor, and attenuation constant
2.6 Standing waves

standing wave solution
2.7 Reflection coefficient and return loss
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2.8 Voltage standing-wave radio
2.9 Open and shorted terminators
      effects of termination, equivalent circuits
2.10 Transmission line sections

  λ⁄4 and λ⁄2 lines
2.11 Time-domain reflectometry
       operation principle
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2.1 Introduction

1.    Characteristics      coaxial line     waveguide          microstrip

       preferred mode           TEM            TE10             quasi-TEM
       dispersion                   none           medium             low
       bandwidth                   high              low                  high
       loss                            medium         low                  high
       power capacity          medium          high                low
       physical size                large            large                small
      easy of fabrication      medium        medium           easy
      integration with            hard             hard                easy
      other components
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4. Dielectric loss depends on the dielectric loss tangent and volume
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2. Transmission line characteristics: Zo and γ=α+jβ,   
    α = αc(conductor loss) + αd (dielectric loss) + radiation loss
3. Conductor loss depends on the metal conductivity and surface
    area
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6. AC resistance no. of
electrons I
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Ex. No.22 wire with diameter 0.644mm, DC resistance 60.97Ω/km,
      δ s=21.6um at 10MHz
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2.2 Concept of two-wire lines

two-wire lines

equivalent transmission
line

simplified line

lossless line
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 1. 

distributed constants
R, L: conductor resistance, inductance/unit length (series elements)
G, C: dielectric conductance, capacitance/unit length (parallel elements)
KVL, KCL        time-domain transmission line, or telegrapher equation
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wave equation
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2. Travelling wave solution
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input impedance

3. characteristic impedance

4. As a transmission line is terminated with Zo, Zin(z)=Zo.
5. Ex.2.1 RG59 cable L=370nH/m, C=67pF/m → 

Ω== 3.74
C
LZo
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2.3 Free space characteristic impedance
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1.  characteristic impedance of the medium
  (intrinsic impedance)

 wave impedance of the particular mode of wave

 characteristic impedance of transmission line

 input impedance at a port of circuit

2. For free space
 Zo=120πΩ=377Ω

3. Antenna is an impedance transformer for a maximum power
 transfer to/from free space

mFmH oo /1085.8 ,/104 127 −− ×=×= επµ
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2.4 Matched terminations

1. Load match: ZL=Zo no reflected wave → Zin(z)=Zo 
     ≡ infinite long line with Zo
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2. Conjugate match
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3. In practice, using matching circuits and lossless lines to have
    Zg=ZL=Zin=Zo (matched terminations) for maximum power 
    transferred from source to the load. 
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2.5 Propagation velocity, velocity factor, and attenuation
      constant

rε

3. Physical length of transmission line 
    = physical length in free-space wavelength × vf
4. Low-loss line, R<<wL, G<<wC
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1. phase velocity                 group velocity
    
    TEM transmission line  
    propagation velocity
    
    velocity factor

2. Ex. 2.2, 2.3 RG-59 cable 
    v= 0.67c,      =2.25  

β
wv p = 1)( −=

dw
dv g

β

LCww == µεβ

mFmH oo /1085.8 ,/104 127 −− ×=×= επµ

C
LZ,LCw),GZ

Z
R(

2
1

oo
o

≈≈+≈ βα



微波工程講義微波工程講義2-14

5. attenuation constant
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2.6  Standing waves

1. Standing wave solution: incident wave + reflected wave 
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2. Standing wave pattern

λ ⁄ 2
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2.7 Reflection coefficient and return loss
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2. Γ= | Γ | ∠  Γ = ρ ∠  Γ
   | Γ (l)| = | ΓL | remains the same anywhere along a lossless line.
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| Γ |>1 →  Re{Zin} < 0,  negative resistance for an active load
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5. Ex. 2.4 RL=100Ω, Ro=50Ω → Γ =1/3
    Ex. 2.5 RL=25Ω, Ro=50Ω → Γ = -1/3 = 1/3 ∠ 180°
    Ex. 2.6 ZL=40-j2025Ω, Zo=50Ω → Γ = 0.24 ∠ -103.6°
6. Power reflection coefficient  ρ ² , transmitted power 1- ρ ²
7. 

8. Ex. 2.7 ρ =1/3 → power reflection coefficient 1/9
    Ex. 2.8 incident power 30mW, reflected power 1uW
                 → RL = -10log(1/30000) = 44.8dB
    Ex. 2.9 ρ = 0.2 → RL= -20log(0.2) =14dB
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2.8 Voltage standing-wave ratio 
1. Voltage standing-wave ratio, VSWR
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2. Ex. 2.11 ρ = 0.2 → VSWR = 1.5
    Ex. 2.12 VSWR= 3 → ρ = 0.5
3. VSWR = Rmax/Zo= Zo/Rmin

4. Ex. 2.14 VSWR= 4, Zo = 50Ω → Zmax= 200 Ω, Zmin= 12.5 Ω    
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5. Impedance match
    Zin(z) = Zo →  no reflected wave Γ(z)=0, VSWR=1, RL= ∞dB
    Pav = Pav,max: maximum power delivered to the load
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2.9 Open and shorted terminations

β, Zo                                           ΓL= 1

λ        3λ⁄4         λ⁄2        λ⁄4  VV o
+2/

 jVIZ oo
+− 2/

 ZX oin /

O.C.
1.Open circuit termination
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Derivation for the plots in 2-22 and 2-24
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β, Zo                                           S.C. ΓL= -1
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2.Short circuit termination



微波工程講義微波工程講義2-25

3. Effects of various 
    termination on standing
    waves
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2.10 Transmission line sections
1. quarter-wave  �transformer�
    or impedance inverter

   
    l=λ/4, Zin(l)=Zo2/ZL at fo
2. Ex. 2.15 Find Zo and length of
    a λ/4 line (εr=2.25) to match a  
   100Ω to a 50Ω line @500MHz.
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4. Half-wavelength line l=λ/2, 
    Zin(l)=ZL at fo
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2.11 Time-domain reflectometry (TDR)

1. Time of the reflection → defect position
    reflected signal → types of defect
2. Fast rise time of step pulse is required to identify the multiple 
    faults

Homework #2 (due 2 weeks)
Chap.2: problems 1-16


