
ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY  

 

 

 

WAVELENGTH AND VELOCITY OF PROPAGATION 

WAVELENGTH: 

 

The distance with which the wave changes its phase by 2π radians is known as 

wavelength. 

The distance the wave travels along the line where the phase angle is changing 

to 2π radians is known as wavelength. 

It is denoted by λ, 

λ = 
2π 

𝛽
                              ……(1) 

and also we know,  

λ = 
𝑣

𝑓
 

v = λ.f 

v- velocity 

f- frequency 

v = 
2π 

𝛽
 . f 

v = 
ω

𝛽
                      ………(2) 

                             [ λ = 
2π 

𝛽
 ] 

                            [ω = 2πf ] 

VELOCITY OF PROPAGATION: 
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The velocity of propagation along the line depends on the change in the phase 

along the line. Therefore, this velocity is called phase velocity or wave velocity. 

γ = ln (
𝑉1

𝑉2
)   = ln (

𝐼1

𝐼2
) 

In general,  

γ = α+jβ 

γ =√𝑍𝑌              …………(1) 

where, 

Z = R+jωL 

Y = G+jωC                  ………(2) 

Sub equ (2) in equ (1) 

γ =√(𝑅 + 𝑗𝜔𝐿)(𝐺 + 𝑗𝜔𝐶)  

γ =√𝑅𝐺 + 𝑗𝜔𝑅𝐶 +  𝑗𝜔𝐿𝐺 −  𝜔2𝐿𝐶  

 

α+jβ =√𝑅𝐺 −  𝜔2𝐿𝐶 + 𝑗(𝜔𝑅𝐶 +  𝜔𝐿𝐺)  

Squaring on both sides, 

(α + jβ)2 = 𝑅𝐺 −  𝜔2𝐿𝐶 + 𝑗(𝜔𝑅𝐶 +  𝜔𝐿𝐺) 

α2 + β2 – 2jαβ = 𝑅𝐺 −  𝜔2𝐿𝐶 + 𝑗(𝜔𝑅𝐶 +  𝜔𝐿𝐺) 

Equating real and imaginary parts, 

α2 + β2 = 𝑅𝐶 −  𝜔2𝐿𝐺                         ………(3) 

2αβ = 𝜔𝑅𝐶 +  𝜔𝐿𝐺 

2αβ = 𝜔(𝑅𝐶 + 𝐿𝐺)                             ……….(4) 

From equ (3), 

α2 = 𝑅𝐺 −  𝜔2𝐿𝐶 + β2                        ………(5) 

Squaring equ (4), 

4α2β2 = 𝜔2 (𝑅𝐶 + 𝐿𝐺)2                    ………(6) 

Sub equ (5) in equ (6) 

4(𝑅𝐺 −  𝜔2𝐿𝐶 +  β2)β2 = 𝜔2 (𝑅𝐶 + 𝐿𝐺)2   
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 4(𝑅𝐺β2 −  𝜔2𝐿𝐶 β2 +  β4) = 𝜔2 (𝑅𝐶 + 𝐿𝐺)2                  

𝑅𝐺β2 −  𝜔2𝐿𝐶 β2 +  β4=  
𝜔2

4
  (𝑅𝐶 + 𝐿𝐺)2  

𝑅𝐺β2 −  𝜔2𝐿𝐶 β2 +  β4-  
𝜔2

4
  (𝑅𝐶 + 𝐿𝐺)2 = 0 

β4 + β2(𝑅𝐺 −  𝜔2𝐿𝐶 ) -  
𝜔2

4
  (𝑅𝐶 + 𝐿𝐺)2 = 0        …….(7) 

The above equation os of the form of a𝑥4+b𝑥2+c = 0 

 

𝑥2= 
−𝑏±√𝑏2−4𝑎𝑐

2𝑎
 

a=1, b= 𝑅𝐺 −  𝜔2𝐿𝐶 , c= -  
𝜔2

4
  (𝑅𝐶 + 𝐿𝐺)2 

β2= 
−(RG− ω2LC)±√(RG− ω2LC)2−4  (−

ω2

4
  (RC+LG)2)

2
 

Neglect the negative value, 

β2= 
(ω2LC−RG )+√(RG− ω2LC)2+  (ω2(RC+LG)2)

2
 

β = √
(ω2LC−RG)+√(RG− ω2LC)2+(ω2(RC+LG)2)

2
     ……..(8) 

Sub β2 value in equ (5), 

α2 = RG − ω2LC+ (
(ω2LC−RG)+√(RG− ω2LC)2+(ω2(RC+LG)2)

2
) 

α2 =
2 (RG−ω2LC)+ (ω2LC−RG)+√(RG− ω2LC)2+(ω2(RC+LG)2)

2
 

α2 = 
 (RG−ω2LC)+√(RG− ω2LC)2+(ω2(RC+LG)2)

2
 

α = √
 (RG−ω2LC)+√(RG− ω2LC)2+(ω2(RC+LG)2)

2
              ……(9) 

In a perfectly matched line R=0 and G=0, 

Sub the above condition in β. 

From equ (8), 

β = √
(ω2LC)+√(− ω2LC)2

2
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β = ω √LC 

The velocity of propagation of a ideal line is, 

v =  
ω

β
 

v =  
ω

ω √LC
 

v =  
1

 √LC
 

The velocity of propagation is constant for a given L and C. 
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