
 

 

ANALYTICAL TREATMENT IF INTERFERENCE OF LIGHT 
Consider two coherent light waves (from 𝑆ଵ & 𝑆ଶ) produced from a single monochromatic source (S), 

as shown in figure. 
The displacement equation of two waves is: 

𝒚𝟏 = 𝒂 𝐬𝐢𝐧 𝝎𝒕 
  and, 𝒚𝟐 = 𝒂 𝐬𝐢𝐧(𝝎𝒕 + 𝝓)  
 Here, 𝜙 𝑖𝑠 𝑡ℎ𝑒 𝑝ℎ𝑎𝑠𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑤𝑎𝑣𝑒𝑠. 
From principle of superposition of waves, the displacement of 
resultant wave ( 𝒚 ) is: 
   𝑦 = 𝑦ଵ + 𝑦ଶ 
 

  or 𝑦 = 𝑎 sin 𝜔𝑡 + 𝑎 sin(𝜔𝑡 + 𝜙) 
 

  or 𝑦 = 𝑎[sin 𝜔𝑡 + sin(𝜔𝑡 + 𝜙)] 
 

  or 𝑦 = 𝑎 ቂ2 sin ቀ
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  or           : Equation of resultant wave. 
 

Here, 𝟐𝒂 𝐜𝐨𝐬 ቀ
𝝓

𝟐
ቁ is the amplitude of resultant wave. 

i. Conditions and positions of maxima (constructive interference): 

The intensity of the resultant wave is maximum if amplitude 𝟐𝒂 𝐜𝐨𝐬 ቀ
𝝓

𝟐
ቁ is maximum. 

 i.e.,        𝐜𝐨𝐬 ቀ 
𝝓

𝟐
 ቁ = ±1  

 

 or cos( 
𝝓

𝟐
 ) = 𝒄𝒐𝒔 𝒏𝝅     (𝒏 = 𝟎, 𝟏, 𝟐, 𝟑 …)   

    

   or              
𝝓

𝟐
= 𝑛 𝜋        

              : phase difference for constructive interference. 
 

For constructive interference, the phase difference between two interfering waves should be even multiple of 𝝅. 

   or      
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𝝀
𝒙 = 𝑛 𝜋    [∵ (𝑝ℎ𝑎𝑠𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒), 𝝓 =

𝟐𝝅

𝝀
× 𝒙 (𝑝𝑎𝑡ℎ 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒)] 

    

   or           : path difference for constructive interference. 
 

For constructive interference, the path difference between two interfering waves should be integral multiple of 𝝀. 
ii. Conditions and positions of minima (destructive interference): 

The intensity of the resultant wave is minimum if amplitude 𝟐𝒂 𝐜𝐨𝐬 ቀ
𝝓

𝟐
ቁ is minimum. 

 i.e.,        𝐜𝐨𝐬 ቀ 
𝝓

𝟐
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 or cos( 
𝝓

𝟐
 ) = 𝒄𝒐𝒔 (𝟐𝒏 − 𝟏)

𝝅

𝟐
  (𝒏 = 𝟏, 𝟐, 𝟑 …)   

    

   or              
𝝓

𝟐
= (𝟐𝒏 − 𝟏)
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        : phase difference for destructive interference. 
 

For destructive interference, the phase difference between two interfering waves should be odd multiple of 𝝅. 
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𝒚 = 𝟐𝒂 𝐜𝐨𝐬 ൬
𝝓

𝟐
൰  𝐬𝐢𝐧  (𝝎𝒕 +

𝝓

𝟐
) 

𝑾𝒊𝒕𝒉,       𝑨𝒎𝒂𝒙 = ±𝟐𝒂 

 ∵ 𝑰 ∝ 𝑨𝟐        ∴  𝑰 = 𝟒𝒂𝟐𝒄𝒐𝒔𝟐 𝝓

𝟐
 

And    𝑰𝒎𝒂𝒙 = 𝟒𝒂𝟐 

 𝒙 = 𝒏 𝝀 

 𝝓 = 𝟐𝒏 𝝅 

   𝑾𝒊𝒕𝒉,   𝑨𝒎𝒊𝒏 = 𝟎 
     And   𝑰𝒎𝒊𝒏 = 𝟎 

 𝝓 = (𝟐𝒏 − 𝟏)𝝅 


