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Notes:  

What are Spherical waves? 

A wave propagating from a source in all direction, it is 3 dimensional. 

The medium it travels through is isotropic(constant density), such a 

wave is called as a Spherical wave. 

Eg. Sound/Acoustic wave 

 



Spherical wave equation 

• The basic wave equation in free space is given by: 
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c=Speed of light, U=Field vector, 

1

𝑐2
= 𝜇0𝜀0 =>    𝑐 =

1

√𝜇0𝜀0
= 3𝑥108𝑚/𝑠  

 𝜀0 = Permitivity of free space, 𝜇0=Permeability of free space 

• Where 𝜀0 = 8.85𝑥10−12𝐶2𝑁−1𝑚−2 

•  𝜇0 = 4𝜋𝑥10−7 𝐻/𝑚 

• Let r be the radial distance from the point source to a given point 

on the waveform. 

• Rewriting the wave equation in spherical polar coordinates and 

considering its spherical symmetric solution we get, 
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Writing Eq. (2) in compact form: 
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Equating right hand sides of Eq. (1) and (3) we have, 
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𝑟𝑈 satisfies the wave equation in variable 𝑟. The solution is of the 

form: 

𝑟𝑈(𝑟, 𝑡) = 𝑓(𝑟 − 𝑐𝑡)                  𝑜𝑟             

𝑈(𝑟, 𝑡) =
1

𝑟
 𝑓(𝑟 − 𝑐𝑡) ______________(5) 

𝑈(𝑟, 𝑡) =
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𝑟
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• Eq. (5) represents a general spherical wave traveling outward 

from the origin at the speed 𝑐. 

• Because of the factor 
1

𝑟
 we see that the spherical wave decays in 

amplitude as 
1

𝑟
, unlike the constant amplitude of plane waves. 

Intensity of Spherical waves: 

• The Intensity of the wave 𝐼 (power per unit area)  

    is given by: 
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• If 𝑃 is constant and as 𝑟 increases, the intensity of Spherical wave 

reduces. 

• Suppose we examine 2 different points at radii 

r1 and r2 

Then 𝐼1 =
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If 𝑟2 = 3𝑟1 
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𝐼2 is reduced by a factor of 9  

 

  

 

Amplitude of Spherical waves: 

• Let P1 and P2 be the average power at points located at distances 

r1 and r2 respectively. Then , 

𝑃1 = 2𝜋2𝜌𝑆1𝑣𝑓2𝐴12 and 𝑃2 = 2𝜋2𝜌𝑆2𝑣𝑓2𝐴22 

Where, 

𝜌 − 𝐶ℎ𝑎𝑟𝑔𝑒 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 

𝑆 − 𝐴𝑟𝑒𝑎 

𝑣 − 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦  

𝑓 −𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 

𝐴 − 𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 

• Equating P1 and P2 we get 
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A is inversely proportional to r. Which implies that the amplitude of 

the spherical waves reduces a factor of r. 

 

 

 


