
 

 

Answer on Question 58260, Physics, Electromagnetism 

Question: 

A radio station broadcasts 50 𝑘𝑊 (effective) from its transmitter at 810 𝑘𝐻𝑧. Find  the 

𝐸𝑟𝑚𝑠 and 𝐵𝑟𝑚𝑠 for the electromagnetic radiation at a distance of 1 𝑘𝑚 from the 

transmitter. (Note: The give effective power assumes spherical symmetry; in practice 

the power is less because they send it out horizontally). 

Solution: 

a) Let’s first write the formula for the Poynting vector: 

𝑺 =
1

𝜇0
𝑬 × 𝑩, (1) 

here, 𝜇0 = 4𝜋 ∙ 10−7 𝑉 ∙ 𝑠 𝐴 ∙ 𝑚⁄  is the vacuum permeability, 𝑬 is the electric field, 𝑩 

is the magnetic field. 

We know, from the condition of the question, that the effective power assumes spherical 

symmetry, and this implies that the electromagnetic waves from the radio station 

radiates uniformly in all directions (though, we know that in practice the power is less 

because they send it out horizontally). Let’s write the formula for the intensity of the 

electromagnetic radiation at the surface of the sphere: 

|𝐼| =
𝑃

𝐴𝑠𝑢𝑟𝑓
=

𝑃

4𝜋𝑟2
, (2) 

here, 𝑃 is the effective power, 𝐴𝑠𝑢𝑟𝑓 = 4𝜋𝑟2 is the surface area of the sphere, and 𝑟 is 

the radius of the sphere. 

It is obvious, that we can equate the equations (1) and (2) (because 𝑆 and 𝐼 both have 

the same units of dimension - 𝑊 𝑚2⁄ ): 

1

𝜇0
𝐸 × 𝐵 =

𝑃

4𝜋𝑟2
. 

We know, that 𝐵 = 𝐸 𝑐⁄ , therefore, substituting this expression into the previous 

formula we get: 

1

𝑐𝜇0
𝐸 × 𝐸 =

𝑃

4𝜋𝑟2
, 



 

 

𝐸2 =
𝑃𝑐𝜇0

4𝜋𝑟2
, 

𝐸𝑟𝑚𝑠 = √
𝑃𝑐𝜇0

4𝜋𝑟2
= √

50 ∙ 103 𝑊 ∙ 3 ∙ 108  
𝑚
𝑠

∙ 4𝜋 ∙ 10−7 𝑉 ∙ 𝑠
𝐴 ∙ 𝑚

4𝜋 ∙ (1000 𝑚)2
= 1.22

𝑉

𝑚
. 

b) Then, the 𝐵𝑟𝑚𝑠 will be: 

𝐵𝑟𝑚𝑠 =
𝐸𝑟𝑚𝑠

𝑐
=

1.22
𝑉
𝑚

3 ∙ 108  
𝑚
𝑠

= 0.406 ∙ 10−8𝑇 = 4.06𝑛𝑇. 

Answer: 

a) 𝐸𝑟𝑚𝑠 = 1.22
𝑉

𝑚
. 

b) 𝐵𝑟𝑚𝑠 = 4.06𝑛𝑇. 
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