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It is instructive to consider the peak values of the electric field intensity (i.c., E,,
values) associated with the irradiances that can be produced by various sources of
radiation. With conventional sources, even those which might be described as
powerful, only relatively low values of the irradiance can be achieved and the
associated clectric field intensities are quite small. For example, the irradiance

Jl‘l’dU§,Qd,l?y solar radiation at the carth’s surface is about 1-4x 10" W n):,,cg)rrc-v
sponding to an electric ficld intensity of 10V m”‘l. In lasers, the cnergy is propa-
“pated into an essentially non-diverging beam of small cross-section of the order of
10"* m?, which can be further reduced by focusing. Thus, cven though the total
power ina CW gas laser beam is at most only of the order of watts, irradiances of the
order of 10" to 10" Wm ’ can be achieved, depending on the type of laser and the
extent to which the laser beam is concentrated by focusing. The corresponding
iccjnﬁc ﬁclidﬁinfl_cnsilics arc of the order of 3 X 10° to 3 X 10°Vm ' Alaser operating,
in the giant-pulse mode, with a pulse duration of the orderof 2x 107 %s, encrgyof 2 J,
and an unfocused beam of diameter 3% 107> m, gives an irradiance of 10" W m
and an electric field intensity of 10" V. m™". A hundredfold reduction in beam radius

Ln?{x;é(lhg irradiance to 10" W m™? and thus the peak electric field intensity riscs
10 10"V m~". The fields binding outer electrons in atoms and molecules arc of the-
order of 10'°-10"7 V.m™', and so it is not surprising that a giant-pulse lascr, when
focused to a sufliciently small spot, causes ionization of air. Even larger irradiances,
of the order of 10°* W m ™, can be produced with giant-pulse Jaser systems using
very short pulses and several stages of amplification. The electric field intensity then
exceeds 102V m "and is sufficient to affect atomic nuclei; e.g., neutrons have been

expelled from lithium deuteride with such lasers. o

The magnetic fields associated with intense laser radiation are no less impressive.
Whereas the magnetic field associated with solar radiation at the earth’s surface is
only 3 A m™!, at an irradiance of 10> W m~? the magnetic ficld intensity exceeds
10'° A m™', corresponding to a magnetic flux density (or magnetic induction) in‘air
of 10° gauss (10" tesla). For a plane electromagnetic wave propagating along z the
dependence of E,, and H,, on the irradiance is shown graphically in Fig. 2.3.
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