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PHYSICAL SIGNIFICANCE OF TRANSMISSION LINE (or) INFINITE 

LINE (or) THE TWO STANDARD FORM FOR INPUT IMPEDANCE 

OF THE TRANSMISSION LINE TERMINATED BY AN IMPEDANCE 

ZR. 

Equation for the current and voltage may be written for the sending end current 

'IS' of a line of length 'l' is, 

 

The sending current equation is given by, 

IS = IRcosh√𝑍𝑌. 𝑙 +
𝐸𝑅

𝑍𝑂
 sinh√𝑍𝑌. 𝑙                                        [ER =  IR 𝑍𝑅] 

Sub ER value in above equ,  

IS = IRcosh√𝑍𝑌. 𝑙 +
IR 𝑍𝑅

𝑍𝑂
 sinh√𝑍𝑌. 𝑙    

IS = IR [cosh√𝑍𝑌. 𝑙 +
 𝑍𝑅

𝑍𝑂
 sinh√𝑍𝑌. 𝑙]               .......(1) 

The sending voltage equation is given by, 

ES = ERcosh√𝑍𝑌. 𝑙 +  IR 𝑍𝑂sinh√𝑍𝑌. 𝑙   

[ER =  IR 𝑍𝑅] 

[IR =  
 𝐸𝑅

𝑍𝑅
] 

Sub IR value in above equ, 

ES = ERcosh√𝑍𝑌. 𝑙 +  
ER 𝑍𝑂

𝑍𝑅
sinh√𝑍𝑌. 𝑙   
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ES = ER [cosh√𝑍𝑌. 𝑙 +  
 𝑍𝑂

𝑍𝑅
sinh√𝑍𝑌. 𝑙]           .......(2) 

Since, We know that, 

Propagation Constant γ = √𝑍𝑌  

Characteristic Impedance  𝑍𝑂 = √
𝑍

𝑌
   

Sub γ value in equ (1) and (2), 

From equ (1), 

IS = IR [cosh γ𝑙 +
 𝑍𝑅

𝑍𝑂
 sinh γ𝑙]               .......(3) 

From equ (2), 

ES = ER [cosh γ𝑙 +  
 𝑍𝑂

𝑍𝑅
sinh γ𝑙]           .......(4) 

Input Impedance 𝑍𝑆 = 
𝐸𝑆

𝐼𝑆
      [E = IZ] 

𝑍𝑆 = 
ER[cosh γ𝑙+ 

 𝑍𝑂
𝑍𝑅

sinh γ𝑙]

IR [cosh γ𝑙+
 𝑍𝑅
𝑍𝑂

 sinh γ𝑙] 
 

𝑍𝑆 =  𝑍𝑅  [

𝑍𝑅cosh γ𝑙+ 𝑍𝑂sinh γ𝑙

𝑍𝑅
𝑍𝑂cosh γ𝑙+𝑍𝑅 sinh γ𝑙

𝑍𝑂

]    

  ER = IR𝑍𝑅  

  ZR = 
𝐸𝑅

𝐼𝑅
 

𝑍𝑆 =  𝑍𝑅 [
𝑍𝑅cosh γ𝑙+ 𝑍𝑂sinh γ𝑙

𝑍𝑅
 𝑋 

𝑍𝑂

𝑍𝑂cosh γ𝑙+𝑍𝑅 sinh γ𝑙
] 

𝑍𝑆 =  𝑍𝑂 [
𝑍𝑅cosh γ𝑙+ 𝑍𝑂sinh γ𝑙

𝑍𝑂cosh γ𝑙+𝑍𝑅 sinh γ𝑙
 ]                 …….(5) 

This is the first standard form of input impedance of the transmission line. 

Cosh𝜃 = 
𝑒𝜃+ 𝑒−𝜃

2
 

Sinh𝜃 = 
𝑒𝜃− 𝑒−𝜃

2
 

Sub the above formula in equ (5), 
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𝑍𝑆 =  𝑍𝑂 [
𝑍𝑅(

𝑒γl+ 𝑒−γl

2
)+ 𝑍𝑂(

𝑒γl− 𝑒−γl

2
)

𝑍𝑂(
𝑒γl+ 𝑒−γl

2
)+ 𝑍𝑅(

𝑒γl− 𝑒−γl

2
)
 ] 

𝑍𝑆 =  
2𝑍𝑂

2
[

𝑍𝑅(𝑒γl+ 𝑒−γl)+ 𝑍𝑂(𝑒γl− 𝑒−γl)

𝑍𝑂(𝑒γl+ 𝑒−γl)+ 𝑍𝑅(𝑒γl− 𝑒−γl)
 ] 

𝑍𝑆 =  𝑍𝑂 [
𝑍𝑅𝑒γl+ 𝑍𝑅𝑒−γl+ 𝑍𝑂𝑒γl− 𝑍𝑂𝑒−γl

𝑍𝑂𝑒γl+ 𝑍𝑂𝑒−γl+ 𝑍𝑅𝑒γl− 𝑍𝑅𝑒−γl
 ] 

 

𝑍𝑆 =  𝑍𝑂 [
𝑒𝛾𝑙 [𝑍𝑅 + 𝑍𝑂]+𝑒−𝛾𝑙 [𝑍𝑅 − 𝑍𝑂] 

𝑒𝛾𝑙 [𝑍𝑅 + 𝑍𝑂]−𝑒−𝛾𝑙 [𝑍𝑅 − 𝑍𝑂]
] 

𝑍𝑆 =  𝑍𝑂
[𝑍𝑅 + 𝑍𝑂]

[𝑍𝑅 + 𝑍𝑂]
 [

𝑒𝛾𝑙+ 𝑒−𝛾𝑙 [
𝑍𝑅 − 𝑍𝑂
𝑍𝑅 + 𝑍𝑂 

] 

𝑒𝛾𝑙− 𝑒−𝛾𝑙 [
𝑍𝑅 − 𝑍𝑂
𝑍𝑅 + 𝑍𝑂 

]
] 

𝑍𝑆 =  𝑍𝑂 [
𝑒𝛾𝑙+ 𝑒−𝛾𝑙 [

𝑍𝑅 − 𝑍𝑂
𝑍𝑅 + 𝑍𝑂 

] 

𝑒𝛾𝑙− 𝑒−𝛾𝑙 [
𝑍𝑅 − 𝑍𝑂
𝑍𝑅 + 𝑍𝑂 

]
]             ………(6) 

This is the second standard form of input impedance of the transmission line. 

 

 


