
1 
 

 المحاضرة الثامنة

*4.3 poynting vector for elliptically or circularly polarized wave: 

  

 متجه بوينتك لموجات مستقطبة بيضوية ودائرية الشكل 

- The complex poynting vector is  

متجه بوينتك : المعدل الزمني في الطاقة الكهرومغناطيسية المخزونة في حجم ثابت أو المعدل  -

 الزمني للطاقة المتدفقة في وحدة المساحة .

𝑆̇ =  
1

2
 𝐸̇ ×  𝐻∗ ------------ (1) 

Where 𝐻∗ is collected the complex conjugate of H    المرافق المعقد 

- The average poynting vector is the real part of (1) , or  

    𝑆𝑎𝑣 = 𝑅𝑒 𝑠̇ =  
1

2
 𝑅𝑒 𝐸 ̇  ×  𝐻∗ ----------- (2)   

- In a lossless medium ( electric and magnetic field in time phase) طور) 

 .(الزمن 

- But  

𝐸1

𝐻1
=  

𝐸2

𝐻2
= 𝑍   

Where Z the intrinsic impedance  الممانعة الذاتية of the medium   is read so  

 

                   ×
𝑯𝟏

𝑯𝟏
             ×  

𝑯𝟐

𝑯𝟐
 

   ↑                   ↑ 

𝑺𝒂𝒗 =  
𝟏

𝟐
  ( 𝑬𝟏𝑯𝟏 + 𝑬𝟐𝑯𝟐)𝒁

˄  ----------- (3)  

 𝒁
˄   is the unit vector in the Z  direction . 

𝑺𝒂𝒗 =  
𝟏

𝟐
  ( 𝑬𝟏𝑯𝟏𝑯𝟏

𝑯𝟏𝒁

˄
+  

𝑬𝟐𝑯𝟐𝑯𝟐

𝑯𝟐
 )   

𝑺𝒂𝒗 =  
𝟏

𝟐
  ( 𝑯𝟏

𝟐 +  𝑯𝟐
𝟐)𝒁𝒁

˄  ---------- (4)  

Where H = √𝑯𝟏
𝟐 +  𝑯𝟐

𝟐 

The 𝒆𝒒𝒏 (4) becomes 
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𝑺𝒂𝒗 =  
𝟏

𝟐
  𝒁

˄ 𝑯𝟐 𝒁 ------------ (5)  

𝑺𝒂𝒗 =  
𝟏

𝟐
  𝒁

˄ ( 𝑬𝟏𝑬𝟏𝑯𝟏
𝑬𝟏 

 
+  

𝑬𝟐𝑬𝟐𝑯𝟐

𝑬𝟐
 )  

𝑺𝒂𝒗 =  
𝟏

𝟐
  𝒁

˄ ( 𝑬𝟏
𝟐

𝒁 

 

+  
𝑬𝟐

𝟐

𝒁
 )  =  

𝟏

𝟐
  𝒁

˄ ( 𝑬𝟏
𝟐

+ 𝑬 𝟐
𝟐

𝒁 

 

 ) ----------- (6) 

But 𝑬 =  √𝑬𝟏
𝟐 +  𝑬𝟐

𝟐  

𝒆𝒒𝒏  (5) becomes  

𝑺𝒂𝒗 =  
𝟏

𝟐
  𝒁

˄  𝑬 
𝟐

𝒁 

 

  ------------ (7) 

  



3 
 

Ex/ An elliptically polarized wave traveling in the positive (Z) 

direction in air has (X) and (Y) components. 

𝐸𝑥 = 3 sin(𝜔𝑡 − 𝐵𝑍) (𝑉𝑚−1)   

𝐸𝑦 = 6 sin(𝜔𝑡 − 𝐵𝑍 + 750) (𝑉𝑚−1)  

Find the average power per unit area conveyed (الحالة) by the 

wave. 

Sol. /   𝑺𝒂𝒗 =  
𝟏

𝟐
  𝒁

˄  
𝑬 

𝟐

𝒁 
    

         =  
𝟏

𝟐
  𝑬𝟏

𝟐+ 𝑬𝟐
𝟐

𝒁 

 

           𝐸1
  =3 (𝑉𝑚−1)   

        𝐸2
  = 6 (𝑉𝑚−1) 

              Z = 376.7 Ω for air 

𝑺𝒂𝒗 =  
𝟏

𝟐
  𝟑 

𝟐+ 𝟔 
𝟐

𝟑𝟕𝟔.𝟕 

 

= 𝟏
𝟐

 𝟒𝟓
𝟑𝟕𝟔.𝟕

 ≈ 60 𝑚𝑤𝑚−2   

 


