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Transmission Lines 

Steady State (Continuous Wave) 

 

Phasor Notation 

 

 

Voltage Wave 

 

 

 

Current Wave  

 

 

 

Wavelength 

𝝀 =
𝒖𝒑

𝒇
, where up is the propagation velocity; 𝜷 =

𝟐𝝅

𝝀
 and 𝒖𝒑 =

𝝎

𝜷
 

Propagation Constant 

𝜸 = 𝜶 + 𝒋𝜷 = √(𝑹′ + 𝒋𝝎𝑳′)(𝑮′ + 𝒋𝝎𝑪′) (general form) 

𝜸 = 𝒋𝜷 = 𝒋𝝎√𝑳′𝑪′,      𝜶 = 𝟎  (for lossless lines) 

Characteristic Impedance 

 

 

Phase Velocity 
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Total Wave Impedance at location z:   
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Reflection Coefficient 

𝚪(𝒛) =
𝑽𝒐

−

𝑽𝒐
+ 𝒆𝟐𝜸𝒛 = 𝚪𝒆𝟐𝜸𝒛  (General form) 

𝚪(𝒛) = 𝚪𝒆𝒋𝟐𝜷𝒛   (For lossless lines) 

Reflection from load:           j
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Reflection from generator:  
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Input Impedance (z = - l)    𝒁𝒊𝒏 = 𝒁𝒐
𝟏+𝚪𝒊𝒏

𝟏−𝚪𝒊𝒏
,       𝚪𝒊𝒏 = 𝚪𝒆−𝟐𝜸𝒍 = |𝚪|𝒆𝒋𝜽𝚪−𝟐𝜸𝒍       

                 For lossless lines:     𝚪𝒊𝒏 = 𝚪𝒆−𝒋𝟐𝜷𝒍 = |𝚪|𝒆−𝒋(𝟐𝜷𝒍−𝜽𝚪) 

Input impedance of a lossless transmission line of length d with load ZL, 
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Normalized 
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Forward wave amplitude:  
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   (General form) 
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Magnitude of voltage:  |�̃�(𝒅)| = |𝑽𝒐
+|[𝟏 + |𝚪|𝟐 + 𝟐|𝚪| 𝐜𝐨𝐬(𝟐𝜷𝒅 − 𝜽𝜸)]

𝟏/𝟐
 

         (Lossless T-line) 

Standing Wave Ratio:        
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Low-Loss lines (G0 and R<< L): 
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Transient Response: 

 

 

 

 

 

 

 

Impedance Matching (Smith Chart): 

 

 

 

Goal:   in = 0,  zin = 1 ( yin = 1) 

  

 

Short-circuited: Zin =  jZotanl, or zin =   jtanl  

Open-circuited: Zin = -jZocotl, or zin = -jcotl   

 

For distortionless line:  G/C = R/L 
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