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Two approaches to generalizing the theory of pulsed excitation of matter from
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ABSTRACT: We discuss two approaches to generalizing the description of pulsed excitation of matter from the micro
to the macro level. The first of them was proposed by the author earlier in article [1]. The second approach is based on
the use of the Lorentz — Lorenz relation to describe the relationship between the dynamic polarizability of atoms of a
medium and its dielectric constant. Different limiting cases from the second approach are considered and corresponding
expression for energy transferred from electromagnetic pulse to medium are derived.

Let start from the basic expression for the excitation probability of micro target in the field of €ectromagnetic pulse
(EMP):

5 = 2
W(r)= (2r) J;O'(a)) o do (D
here o(« ) is excitation cross section of the target, E(w,r) is Fourier transform of the dectric field strength in the
pulse, zis pulseduration, cislight velocity, # isreduced Planck constant.

One can obtain from (1) the following expression for energy transferred from EMP to micro target as function
of pulseduration

AE(T): (2;)2 Ia(a))|E(a),TXZda). 2)
With the use of optical theorem
O'(a)):MTa)Im (o) &)
we arrive instead of (2) at the following expression
1% 2
AE(7)=— | ol ] do .
(€)= [o1m plo) (0.7 do @

here s(w) is dynamic polarizability of the target.

To derive a macroscopic expression for the energy transfer we use the correspondence between polarizability of
micro-target and dielectric function of the medium. This correspondence can be traced via two approaches.

The first approach we suggest in the paper [1]. It is based on the following rlation
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Im (@) — ﬁ Tme(w) 5

a

here N, is concentration of medium atoms, g(a)) is didectric function (permittivity). After substitution (5) into (4)

and integration over all frequencies of monochromatic components of the pulse we obtain the formula for energy
transfer from EMP to medium per atom

%AE(T) = 4;721]\7 Ia)lm{g(a))}E(a),r]z do. (6)

This implies the following expression for the transferred energy per unit volume of the medium (dN =N_ dV )

dAE(z‘)_
dv  4Ax*?

o)l E(o,7) deo. (7)

Thisformulacoincides with thewe I-known expression describing the dissipation of the energy of a non-monochromatic
field in a dispersive medium [10]. We note that in the case under consideration, the non-monochromaticity of the
eectromagnetic field is due to the finite duration of the electromagnetic pulse.

The second approach is based on the relation

mpio) >, {401} (®)

47N, e(w)+2

Herewe usethe L orentz-L orenz formula for the dynamic polarizability of medium atoms. After substitution (8) in (6)
we obtain

dAE(r) 9 % olImig(o)}

e B fdo .
dav 4rx’ ![Re{g(a))}+ 2] + [Im{e(a))}] ‘E(a),r) - ©)
Let consider some limiting cases from this expression.
For transparent medium (Im{s(« )} — 0) we obtain from (9)
dAE %J:‘ M+ 2)|E(o,7) do. (20
After expanding the ddta function we get the following equality
dAE(r) 9 o'[E(o".r) (11)

v Ar dRe{g(a)*)}/da) '

Here frequency «" satisfies the equation Re{g(co*)}: —2. Note that the same frequency describes the frequency of
the surface plasmon on the metal nanosphere surface.

Let consider the following modd of permittivity

a(a)):ax+ —— (12)
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here o, = /m is plasma frequency. Formula (12) presumes one excitation of medium with egenfrequency
m

w, . Notethat theimaginary part of permittivity (12) isequal to zero in accordancewith our above suggestion. In this
case the frequency .+ is equal to

o =_|o+—2 (13)

and accordingly

(14)

For metal we have @, =0 and

dAE(r) 9 @ » I
=——L2 _Flo=—2~2—,7|.
av 8r(2+e,) [ V2+e, ’TJ (15)
In the opposite case when @, << @, (the medium consists of two-level systems) we have
dAE(r) 9 o, 2
=— 2 E -
W sr@ee) (@) (16)
For ¢, =1 we arrive at the simple expression
AEC)_ € 5o, <] (17)
dN 2m

It isimportant to note that the same as (17) result follows from the start expression (1) if we makethefollowing
substitutions:

0(0)= 272 1. G(0), Gw)=8(0-a,), f,=1. (18)

mc

It is easy to check that result (17) is also obtained when using the first approach. Thus, both approaches in the
considered limit give the same results.

Simple analysis shows that in the general case, the use of these approaches leads to significantly different
results. The condition for their applicability needs to be studied further.
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