was turning at just the right rate, the returning beam of light would reflect from
one face of the mirror into a small telescope through which the observer
looked. If the speed of rotation was only slightly different, the beam would be
deflected to one side and would not be seen by the observer. From the
required speed of the rotating mirror and the known distance to the stationary
mirror, the speed of light could be calculated. In the 1920s, Michelson set up
the rotating mirror on the top of Mt. Wilson in southern California and the
stationary mirror on Mt Baldy (Mt San Antonio) 35km away. He later
measured the speed of light in vacuum using a long evacuated tube.
Today the speed of light, ¢, in vacuum is taken as

+ = 2.99792458 x 10°m/s,

and is defined to be this value. This means that the standard for length, the meter,
is no longer defined separately. Instead, as we noted in Section 1-5, the meter is
now formally defined as the distance light travels in vacuum in 1,/299.792.458 of
a second.

We usually round off ¢ to

¢ =300 x 10°m/s

when extremely precise results are not required. In air, the speed is only
slightly less.

*E Energy in EM Waves

Electromagnetic waves carry energy from one region of space to another. This
energy is associated with the moving electric and magnetic fields. In
Section 17-9, we saw that the energy density . (J/m?) stored in an electric field E
is ug = 1€, E* (Eq. 17-11). The energy density stored in a magnetic field B,
as we discussed in Section 21-10, is given by wy = $B°/u, (Eq. 21-10). Thus,
the total energy stored per unit volume in a region of space where there is an
electromagnetic wave is

1 , 1R
w=ug +ug= Ee,,n‘?‘ + EE (22-5)

In this equation, E and B represent the electric and magnetic field strengths of
the wave at any instant in a small region of space. We can write Eq. 22-5 in
terms of the E field only using Eqs. 22-2 (B = E/c¢) and 22-3 (¢ = 1|/ Ve uy)
to obtain

2
Uu=—-eE'+ -—— = ¢, E% (22-6a)

Note here that the energy density associated with the B field equals that due to
the E ficld. and each contributes half to the tetal energy. We can also write the
energy density in terms of the B field only:

5 ., B
u=eyE°=¢eyc’B° = —> (22-6hb)
iy
or in one term containing both E and B,
E? = ¢ EcB = S2EB o EB (22-6¢)
= €epL” — € “C — = — LD, el 11
u 0 o &C \f eoto \J %
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