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CHAPTER 8. Transmission Lines

1. Transmission-Line Types and General Equations

A. Types of Transmission Lines

Transmission line = A four-terminal device (a two-port network) for transmitting or
guiding power (for lighting, heating, or performing work) and
information (audio, video, data, signal, etc) from a generator

to a load

(e.g.)

1) TEM-mode type [Both  and are transverse ( ⊥   )}

Two-conductor transmission lines:

  

 










  

  

  

  

 



  
  

  

  

 














⊕

 

 
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2) Higher-mode type [ and/or have components of transmission direction

(TE or TM mode,  ∥  )]

Hollow single-conductor waveguides (rectangular, circular, ... ),

Optical fibers, Dielectric rods

3) TEM space waves between antennas of a radio link

B. Circuit Model for a Two-Conductor Transmission Line

Voltage between conductors and current along the lines are closely

related with TEM fields by

  ⋅ (3-28)

 ⋅ 

⋅ (5-63) (4-5)

1) Lumped circuit analysis : Two-terminal systems

If    ≪ , no appreciable change of   at any .

no reflected signal, no standing waves

⇒ can be represented by discrete lumped parameters (R, L, C )

localized energy dissipation (R)

localized magnetic energy storage (L)

localized electric energy storage (C)







 

 

     
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2) Distributed circuit analysis : Four-terminal systems

If    ≫ ,

      


 ⇒ appreciable phase shift at the load

Reflected signals (Standing waves), Power loss on the line,

Dispersive (distortion) effects by different 

⇒ completely described by distributed circuit parameters, whose

value per unit length are constant everywhere on the line.

Transmission-line parameters:

 = series resistance of both conductors per unit length ( /m)Ω

 = series inductance of both conductors per unit length (H/m)

 = shunt conductance of dielectric medium per unit length (S/m)

 = shunt capacitance of two conductors per unit length (F/m)

Equivalent circuit of a differential length ∆ :

C. Transmission-Line Equations

1) General transmission-line equations

Kirchhoff's voltage law

⇒ ∆ ∆


∆    (8-1)

⇒ 


 


(8-3)

Kirchhoff's current law at N

⇒ ∆∆ ∆

∆ 
∆    (8-4)

⇒ 


 


(8-5)

 

lim
∆→
∆



lim
∆→
∆


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2) Time-harmonic transmission-line equations

For cosine-reference time-harmonic dependence,

     (8-6, 8-7)




→  in (8-3) and (8-5):




      (← Faraday's law) (8-8)




     (← Ampere's law) (8-9)

where reactance

 ≡    : series impedance (1)

≡    : shunt admittance (2)

succeptance

Combining (8-8) and (8-9) yields Helmholtz-type equations:





    [← (7-45b)] (8-10)





    (8-11)

where       (m-1)[←(7-43)] (8-12)

D. Transmission-Line Parameters

  in (8-12) are functions of physical dimensions (    )

and constitutive parameters (     ).

For →∞ in usual cases,  →  and TEM wave along the

transmission line. Then, (8-12) becomes

   
 



(8-13)

For a TEM wave in a medium with (  ), from (7-43)

   
 



(8-14)

Using (4-38), 


 


(8-15)

comparison of (8-13) with (8-14) gives

   (8-16)
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1) Parallel-plate transmission line

(3-87) ⇒    (8-17)

(8-17) in (8-16, 15):

   (8-18)

   (8-19)

For good conductor (not strictly TEM),

(4-16) ⇒  

⇒ 


 

 





 


 (8-22)

from which  





≡ (7-53)

Notes) i)  ≫ since     





→ 

ii) Skin depth 

2) Two-wire transmission line

(3-165) ⇒  



(8-23)

(8-23) in (8-16, 15):

  




  (8-24)

 


(8-25)




 

 





 


(8-27)

equivalent one conducting wire

 
 

  



 

  



    

  




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3) Coaxial transmission line

(3-90) ⇒  


(8-28)

(8-28) in (8-16, 15):

 





(8-29)

 


(8-30)







 

 



 





(8-32)

 

 



 

TABLE 8-1 Summary of Distributed Transmission-Line Parameters



  

  

 


