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2.3 STANDING WAVES   

 

 

(a) 

 

(b) 

Fig : 2.3.1 (a) Standing waves on a dissipation less line terminated in a load 

not equal to 𝑹𝑶; (b) Standing waves on a line having open-or short-circuit 

termination. 
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If voltage magnitudes are measured long the length of a line terminated in a load 

other than 𝑅𝑂, the plotted values will appear as in Fig 2.3.1 (a). Fig 2.7 (b) is 

drawn for a resistive load of value not equal to 𝑅𝑂, and Fig 2.3.1 (b) is the case 

for either open or short circuit. 

When the load is terminated properly with characteristic impedance the 

distribution of voltage and current along the line consists of maximum and 

minimum values of voltage and current. These values are called as standing 

waves. 

NODES: 

The points along the line were magnitude of current and voltage is zero are called 

nodes. 

ANTINODES: 

The points along the line where the magnitude of voltage and current are 

maximum then it is called anti-modes or Zoops. 

STANDING WAVE RATIO:  

The ratio of maximum to minimum magnitude of voltage or current on a line 

having standing waves is called standing wave ratio. 

SWR = S = 
|𝐸𝑚𝑎𝑥|

|𝐸𝑚𝑖𝑛|
 = 

|𝐼𝑚𝑎𝑥|

|𝐼𝑚𝑖𝑛|
 

VSWR = voltage standing wave ratio 

ISWR = current standing wave ratio 

When the line is not terminated properly standing wave are produced. Then the 

total power absorption is not possible. 

The ratio of 𝐸𝑚𝑎𝑥 to 𝐸𝑚𝑖𝑛 is referred to as voltage standing wave ratio (VSWR). 

The ratio of 𝐼𝑚𝑎𝑥 to 𝐼𝑚𝑖𝑛 is referred to as current standing wave ratio (ISWR). 

But is practice ISWR calculation is not used. Hence, practically VSWR 

calculation will be done. VSWR is nothing but SWR. Theoretically the value of 

‘s’ lies b/w 1 to ∞  
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RELATION SHIP BETWEEN STANDING WAVE RATIO AND 

REFLECTION COEFFICIENT: 

In the high frequency transmission line at high frequencies reflections takes place. 

The incident wave amplitude is 𝐸+ and reflected wave magnitude is 𝐸− 

If both of them inphase then it will be added and becomes 𝐸𝑚𝑎𝑥 

If it is out off phase then it will be subtracted and becomes 𝐸𝑚𝑖𝑛 

𝐸𝑚𝑎𝑥 = 𝐸+ +  𝐸− 

𝐸𝑚𝑖𝑛 = 𝐸+ −  𝐸− 

SWR =  
|𝐸𝑚𝑎𝑥|

|𝐸𝑚𝑖𝑛|
 

SWR =  
|𝐸++ 𝐸−|

|𝐸+− 𝐸−|
 

SWR =  
𝐸+|1 + 

𝐸−

𝐸+|

𝐸+|1 − 
𝐸−

𝐸+|
 

Wkt, 

𝐸−

𝐸+
 = K 

S = 
1+ |𝑘|

1− |𝑘|
 

(1 – K ) S=  1 + K 

S – KS = 1+K 

S = 1+ K + KS 

S = 1 + K (1+S) 

S – 1  = K (1 + S)  

K = 
𝑆−1

𝑆+1
 

RELATION SHIP BETWEEN STANDING WAVE RATIO AND 

MAGNITUDE OF REFLECTION COEFFICIENT: 

The voltage at a point 's' away from the receiving end is given by, 

E = 𝐸𝑅 cosh (jβs) + 𝐼𝑅𝑍𝑂 sinh (jβs)                                          .....(1) 

Cosh𝜃 = 
𝑒𝜃+ 𝑒−𝜃

2
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Sinh𝜃 = 
𝑒𝜃− 𝑒−𝜃

2
 

E = 𝐸𝑅 (
𝑒jβs+ 𝑒−jβs

2
)+ 𝐼𝑅𝑍𝑂 (

𝑒jβs− 𝑒−jβs

2
)                              ......(2) 

E = 
𝐸𝑅

2
𝑒jβs + 

𝐸𝑅

2
𝑒−jβs + 

𝐼𝑅𝑍𝑂

2
𝑒jβs - 

𝐼𝑅𝑍𝑂

2
𝑒−jβs 

E = 
𝑒jβs

2
[𝐸𝑅 + 𝐼𝑅𝑍𝑂] + 

𝑒−jβs

2
[𝐸𝑅 − 𝐼𝑅𝑍𝑂] 

𝐸𝑅 = 𝐼𝑅𝑍𝑅  

sub 𝐸𝑅 value in above equ.... 

E = 
𝑒jβs

2
[𝐼𝑅𝑍𝑅 + 𝐼𝑅𝑍𝑂] + 

𝑒−jβs

2
[𝐼𝑅𝑍𝑅 − 𝐼𝑅𝑍𝑂] 

E = 
𝐼𝑅 𝑒jβs

2
[𝑍𝑅 + 𝑍𝑂] + 

𝐼𝑅  𝑒−jβs

2
[𝑍𝑅 − 𝑍𝑂] 

E = 
𝐼𝑅 𝑒jβs

2
[(𝑍𝑅 + 𝑍𝑂) +  

𝑒−jβs

𝑒jβs
(𝑍𝑅 − 𝑍𝑂)] 

E = 
𝐼𝑅 𝑒jβs

2
[(𝑍𝑅 + 𝑍𝑂) +   𝑒−j2βs(𝑍𝑅 − 𝑍𝑂)] 

E = 
𝐼𝑅 𝑒jβs

2
(𝑍𝑅 + 𝑍𝑂) [1 +   𝑒−j2βs (

𝑍𝑅−𝑍𝑂

𝑍𝑅+𝑍𝑂
)] 

E = 
𝐼𝑅 𝑒jβs

2
(𝑍𝑅 + 𝑍𝑂)[1 +   𝑒−j2βs . 𝑘] 

(𝑘 =  
𝑍𝑅 − 𝑍𝑂

𝑍𝑅 + 𝑍𝑂
) 

E = 
𝐼𝑅 𝑒jβs

2
(𝑍𝑅 + 𝑍𝑂)[1⎿0° +   1⎿ − 2βs ⎸𝑘⎸⎿∅] 

E = 
𝐼𝑅 𝑒jβs

2
(𝑍𝑅 + 𝑍𝑂)[1⎿0° +    ⎸𝑘⎸⎿∅ − 2βs] 

i) At Emax : 

∅ − 2βs = 0 

𝐸𝑚𝑎𝑥 = 
𝐼𝑅 𝑒jβs

2
(𝑍𝑅 + 𝑍𝑂)[1⎿0° +    ⎸𝑘⎸⎿0°] 

𝐸𝑚𝑎𝑥 = 
𝐼𝑅 𝑒jβs

2
(𝑍𝑅 + 𝑍𝑂)[1 +    ⎸𝑘⎸] 

ii) At Emin : 

∅ − 2βs = π = 180° 
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𝐸𝑚𝑖𝑛 = 
𝐼𝑅 𝑒jβs

2
(𝑍𝑅 + 𝑍𝑂)[1⎿0° +    ⎸𝑘⎸⎿π ] 

𝐸𝑚𝑖𝑛 = 
𝐼𝑅 𝑒jβs

2
(𝑍𝑅 + 𝑍𝑂)[1 −   ⎸𝑘⎸] 

We know that,  

              S = 
𝐸𝑚𝑎𝑥

𝐸𝑚𝑖𝑛
 

 S = 

𝐼𝑅 𝑒jβs

2
(𝑍𝑅+𝑍𝑂)[1+   ⎸𝑘⎸]

𝐼𝑅 𝑒jβs

2
(𝑍𝑅+𝑍𝑂)[1−  ⎸𝑘⎸]

 

S =
1+  ⎸𝑘⎸

1−  ⎸𝑘⎸
 

S (1-k) = 1+k 

S - kS = 1 + k 

S - 1 = k + kS 

S - 1 = k (1 + S) 

k = 
𝑆−1

𝑆+1
 

 INPUT IMPEDANCE FOR THE DISSIPATION-LESS LINE: 

In Fig 2.3.2 the voltage and current of a transmission line at a distance 's' from 

the receiving end is given by, 

ES = ERcosβs + j IR𝑅𝑂sinβs 

IS = IRcosβs + j 
ER

𝑅𝑂
sinβs 

 

Fig: 2.3.2 Input impedance for the dissipation less line 
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The input impedance of the transmission line is given by,  

𝑧𝑖𝑛 = 𝑧𝑠 = 
𝐸𝑠

𝐼𝑠
                         ......(1) 

𝑧𝑖𝑛 = 𝑧𝑠 = 
ERcosβs+j IR𝑅𝑂sinβs

IRcosβs+j 
ER
𝑅𝑂

sinβs
 

𝑧𝑠 = 𝑅𝑂 [
ERcosβs+j IR𝑅𝑂sinβs

IR𝑅𝑂cosβs+j ERsinβs
]                              ......(2) 

we know, 

𝐸𝑅 = 𝐼𝑅𝑍𝑅  

sub 𝐸𝑅 value in above equ, 

𝑧𝑠 = 𝑅𝑂 [
𝐼𝑅𝑍𝑅cosβs+j IR𝑅𝑂sinβs

IR𝑅𝑂cosβs+j 𝐼𝑅𝑍𝑅sinβs
] 

𝑧𝑠 = 
𝑅𝑂𝐼𝑅cosβs

𝐼𝑅cosβs
[

𝑍𝑅+ 
j𝑅𝑂sinβs

cosβs

𝑅𝑂+  
j𝑍𝑅sinβs

cosβs

] 

𝑧𝑠 = 𝑅𝑂 [
𝑍𝑅+ j𝑅𝑂tanβs

𝑅𝑂+ j𝑍𝑅tanβs
]                    .........(3) 

The another method to represent input impedance of the transmission line is 

given by,  

𝑧𝑠 = 𝑅𝑂 [
𝐼𝑅𝑍𝑅cosβs+j IR𝑅𝑂sinβs

IR𝑅𝑂cosβs+j 𝐼𝑅𝑍𝑅sinβs
] 

𝑧𝑠 = 
IR 𝑅𝑂 

IR
[

𝑍𝑅cosβs+j𝑅𝑂sinβs

𝑅𝑂cosβs+j 𝑍𝑅sinβs
] 

 

Cos𝜃 = 
𝑒𝑗𝜃+ 𝑒−𝑗𝜃

2
 

Sin𝜃 = 
𝑒𝑗𝜃− 𝑒−𝑗𝜃

2𝑗
 

 

𝑧𝑠 = 𝑅𝑂 [
𝑍𝑅(

𝑒𝑗𝛽𝑠+ 𝑒−𝑗𝛽𝑠

2
)+j𝑅𝑂(

𝑒𝑗𝛽𝑠− 𝑒−𝑗𝛽𝑠

2𝑗
)

𝑅𝑂(
𝑒𝑗𝛽𝑠+ 𝑒−𝑗𝛽𝑠

2
)+j𝑍𝑅(

𝑒𝑗𝛽𝑠− 𝑒−𝑗𝛽𝑠

2𝑗
)
] 
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𝑧𝑠 = 
2𝑅𝑂

2
[

𝑍𝑅𝑒𝑗𝛽𝑠+𝑍𝑅𝑒−𝑗𝛽𝑠+ 𝑅𝑂𝑒𝑗𝛽𝑠− 𝑅𝑂𝑒−𝑗𝛽𝑠

𝑅𝑂𝑒𝑗𝛽𝑠+𝑅𝑂𝑒−𝑗𝛽𝑠+ 𝑍𝑅𝑒𝑗𝛽𝑠− 𝑍𝑅𝑒−𝑗𝛽𝑠
] 

𝑧𝑠 = 𝑅𝑂 [
𝑒𝑗𝛽𝑠(𝑍𝑅+ 𝑅𝑂)+ 𝑒−𝑗𝛽𝑠(𝑍𝑅− 𝑅𝑂)

𝑒𝑗𝛽𝑠(𝑍𝑅+ 𝑅𝑂)− 𝑒−𝑗𝛽𝑠(𝑍𝑅− 𝑅𝑂)
] 

𝑧𝑠 = 𝑅𝑂
𝑒𝑗𝛽𝑠(𝑍𝑅+ 𝑅𝑂)

𝑒𝑗𝛽𝑠(𝑍𝑅+ 𝑅𝑂)
[

1+ 
 𝑒−𝑗𝛽𝑠(𝑍𝑅− 𝑅𝑂)

𝑒𝑗𝛽𝑠(𝑍𝑅+ 𝑅𝑂)

1− 
 𝑒−𝑗𝛽𝑠(𝑍𝑅− 𝑅𝑂)

𝑒𝑗𝛽𝑠(𝑍𝑅+ 𝑅𝑂)

] 

𝑧𝑠 = 𝑅𝑂 [
1+ 𝐾  𝑒−𝑗2𝛽𝑠

1−  𝐾  𝑒−𝑗2𝛽𝑠
] 

𝑧𝑠 = 𝑅𝑂 [
1+ ⎸𝐾⎸ 1⎿∅ .1 ⎿−2𝛽𝑠

1−  ⎸𝐾⎸ 1⎿∅ .1 ⎿−2𝛽𝑠
] 

𝑧𝑠 = 𝑅𝑂 [
1+ ⎸𝐾 ⎸⎿∅−2𝛽𝑠

1− ⎸𝐾⎸ ⎿∅−2𝛽𝑠
] 

 

CONDITION FOR 𝒛𝒎𝒂𝒙: 

The input impedance will be maximum when both incident and reflected waves 

are inphase. 

∅ − 2𝛽𝑠 = 0 

∅ = 2𝛽𝑠 

s = 
∅

2𝛽
 

𝑧𝑚𝑎𝑥 = 𝑅𝑂 [
1+⎸ 𝐾 ⎸⎿0°

1− ⎸ 𝐾 ⎸⎿0°
] 

𝑧𝑚𝑎𝑥 = 𝑅𝑂 [
1+⎸ 𝐾⎸

1− ⎸𝐾⎸
] 

CONDITION FOR 𝒛𝒎𝒊𝒏: 

The input impedance will be maximum when both incident and reflected waves 

are inphase. 

∅ − 2𝛽𝑠 =- π 

∅ = - π+ 2𝛽𝑠 

∅ + π =  2𝛽𝑠 

s = 
∅+ π

2𝛽
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s = 
∅

2𝛽
 + 

π

2𝛽
 

s = 
∅

2𝛽
 + 

λ

4
                   (λ = 

2𝜋

𝛽
)  

𝑧𝑚𝑖𝑛 = 𝑅𝑂 [
1+⎸ 𝐾 ⎸⎿−𝜋

1− ⎸ 𝐾 ⎸⎿−𝜋
] 

𝑧𝑚𝑖𝑛 = 𝑅𝑂 [
1− ⎸ 𝐾 ⎸

1+ ⎸ 𝐾 ⎸
] 

𝑧𝑚𝑖𝑛 = 
𝑅𝑂

𝑠
 

s = standing wave ratio 

s= 
1+ ⎸ 𝐾 ⎸

1− ⎸ 𝐾 ⎸
 

 

 

 

 

 

 

 

 

 

EC3551 TRANSMISSION LINES AND RF SYSTEMS 


