SP212 Lesson 34 - Energy of EM Waves

We previously saw that an electromagnetic wave moving in the +2z direction could
be described by

E, = Epsin(kz — wt) B, = Bysin(kz — wt)

Electromagnetic waves carry energy. We already know the energy densities of
both the electric and magnetic fields, so it is unsurprising that the energy densﬂ;y of
an electromagnetic wave will simply be the sum of them:
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But, for any point in space and moment in time; the electric and magnetic. field

strengths in the wave are related as £ = ¢B, where ¢ = is the speed of light.
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But from this we can see that = u, = un: exactly half of the energy in an em wave

* . is stored in its electric field and exactly half in its magnetic field. Therefore
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We can define the Poynting vector as § = . This is flow of power due to

the wave. It points in the direction of energy trgglsfer (the direction of the wave’s
travel) and represents the power (energy per time) delivered per unit area by the
wave. It has units of W/m?.
The intensity of light is the average power per area delivered by the wave. We
see that
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where the factor of 5 comes from the fact that we are time averaging (i.e. the average

value of sin’(kz — wt) is —2-).
If a source radiates energy as a point source the the intensity at a distance r away
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will simply by I = ﬁ where P, is the average power provided by the source.
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A light bulb gives off em waves with a 60 W power. It radiates like a point source.

At a distance of 2.0 m from the light bulb...

(a) What is the intensity of the light?
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(b) What is the electric field amplitude?
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(c) What is the magnetic field amplitude?
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At this point in space and at a moment in time when the fields are at their amplitudes...

(d) What is the energy density of the wave?
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(e) What is the instantaneous magnitude of the Poynting vector?
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