
Poynting’s Theorem
The Poynting theorem is one on the most important in EM theory. It tells us the power 
flowing in an electromagnetic field.
Poynting vector: describes the direction and magnitude of electromagnetic energy flow 
and is used in the Poynting theorem

Derivation of Poynting’sTheorem
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Subtract, and use the following vector identity
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We will have
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We can substitute by following: 
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Assume there is no sources within the volume, so this is related to ohmic power dissipated Within the 
volume.



Integrating both sides over a volume and then apply the divergence theorem:
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Instantaneous ohmic power
dissipated within the volume

Rate of change in the total energy
Stored in the electric field

Rate of change in the total energy
Stored in the magnetic field

Power leaving the volume V enclosed by S= Decreasing electric and magnetic power- Dissipating ohmic power

Total power flowing
Out of a volume



Power flowing into a closed surface = Increasing stored electric and magnetic + ohmic power density
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Poynting’s vector: instantaneous “ power density” vector associated with an 
electromagnetic field(perpendicular to electric and magnetic fields)
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Power leaving the volume V enclosed by S= Decreasing electric and magnetic power-Dissipating ohmic power



time varying field it is often desirable to find the average power density which is obtained by integrating the 

instantaneous Poynting vector over one period and dividing by the period





• The last expression can be found by easily using phasor form of 
electric and magnetic fields



Example:
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