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Lecture 8:  Radiation Integrals and Auxiliary Potential Functions 

As we know that when electric charges undergo acceleration or deceleration, 

electromagnetic radiation is produced. Hence it is the motion of charges (i.e., currents) 

that is the source of radiation. Some problems involving electric currents can be cast 

in equivalent forms involving magnetic currents (the use of magnetic currents is simply 

a mathematical tool, they have never been proven to exist). So,  

 

Source of antenna radiation fields is 

J= vector electric current density (A/𝑚2) 

M= vector magnetic current density (V/𝑚2) 

For mathematical simplicity, instead of calculating the radiated fields (E, H) directly 

from the sources (J, M) in a one-step procedure, a two-step procedure is commonly 

used. 

Path-1: One Step Procedure  

 Relates  the  E  and H  fields  to  J  and M  current sources by integral relations  

Path-2: Two Step Procedure  
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 1st Relates  the A and F vector potential  to  the J and M current sources by integral 

relations  

 2nd  Determined E and H fields by differentiating A and F 

 

Block diagram for computing radiated fields from electric (J) and magnetic (M) 

current sources 

Where (A: Magnetic vector potential F:  Electric vector potential) 

In order to account for both electric current and/or magnet tic current sources, the 

symmetric form of Maxwell’s equations m must be utilized to determine the result ting 

radiation n fields. The s symmetric form of Maxwell’s equations include additional 

radiation sources (electric charge density 𝜌 and magnetic c charge density 𝜌𝑚). 

Maxwell's equations (symmetric, time varying form) 
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Differential form                                       Integration form                                          

 

 

  

  

Maxwell's equations (symmetric, time varying form) 

Differential form                                       Integration form                                          

 

The use of potentials in n the solution n of radiation fields employs the concept of 

superposition of fields. 
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The total radiation fields (E, H) are e the sum of the fields due e to electric c currents 

(E𝐴, H𝐴) and the fields due to the e magnetic currents (E𝐹, H𝐹) 

𝐸 = 𝐸𝐴 + 𝐸𝐹 

𝐻 = 𝐻𝐴 + 𝐻𝐹  

In the presence of magnetic sources only (j=0, M≠ 0), the Maxwell’s equations 

become: 

 

Similarly in the presence of electric sources only (j≠0, M= 0),   

 

According g to the vector identity, 

∇. (∇ × 𝐺) = 0    (𝐹𝑜𝑟 𝑎𝑛𝑦 𝐺) 
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Any vector with zero divergence (rotational or solenoidal field) can be expressed as 

curl of some other. So, from e equations (1d) and (2c), w we can write  

𝐵𝐴 = ∇ × 𝐴      (3a) 

𝐷𝐹 = −∇ × 𝐹       (3𝑏) 

The flux density definitions in equations (3a) and d (3b) lead to the following g field 

definitions: 

                                                  𝐻𝐴 =
1

𝜇
∇ × 𝐴             (4𝑎) 

𝐸𝐹 = −
1

𝜖
∇ × 𝐹         (4𝑏) 

Using (3a) in (1a) and (3b) in (2b), leads to 

∇ × 𝐸𝐴 = −𝑗𝜔(∇ × 𝐴)          (5𝑎) 

∇ × 𝐻𝐹 = −𝑗𝜔(∇ × 𝐹)          (5𝑏) 

The above e two equations can be rewritten as: 

  

∇ × [𝐸𝐴 + 𝑗𝜔𝐴] = 0          (6𝑎) 

∇ × [𝐻𝐹 + 𝑗𝜔𝐹] = 0              (6𝑏) 

 

Based on the vector identity 

∇ × (∇𝑔) = 0     (𝑓𝑜𝑟 𝑎𝑛𝑦 𝑠𝑐𝑎𝑙𝑒𝑟 𝑔) 

The bracketed terms in equations (6a a) and (6b) represents non- -solenoidal (irrational 

fields) and may each be written as the gradient of some scalar. 
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𝐸𝐴 + 𝑗𝜔𝐴 = −∇∅𝑒       (7𝑎) 

𝐻𝐹 + 𝑗𝜔𝐹 = −∇∅𝑚   (7b) 

where ∅𝑒  is the electric scalar potential and ∅𝑚 is the magnetic  scalar potential. 

From the above two equations, we can have 

𝐸𝐴 = −𝑗𝜔𝐴 − ∇∅𝑒       (8𝑎) 

𝐻𝐹 = −𝑗𝜔𝐹 − ∇∅𝑚   (8b) 

 

So, now   the fields (E𝐴, H𝐴) due to electric sources and (E𝐹, H𝐹) due to magnetic 

sources were derived through equations (4a, 8a) and (4b, 8b). 
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