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neton, [SJ it follows that J..teff for N2 is "'=' 1. 5 nu
clear magnetons. Moreover, since the nuclear 
magnetic moment of the N2 molecule is "'=' 0.4 
nuclear magnetons, we can regard it as highly 
likely that the effect observed in nitrogen is due 
to the rotational as well as the nuclear magnetic 
moments. The more accurate measurements which 
are proposed should give us quantitative data on 
the rotational magnetic moment of N2. It is also 
proposed to carry out measurements on other 
gases. 

The authors are grateful to I. K. Kikoin, Yu. M. 
Kagan, A. A. Sazykin, and L. A. Maksimov for their 
valuable discussions and advice, to V. Kh. Volkov 
for his interest and help in this work, and to V. I. 
Nikolaev for his constant help in the making of the 
instruments and carrying out of the measurements. 
The authors are also grateful to the late L. D. 
Puzikov for his valuable discussions and advice. 

1lThe layout was similar to the oxygen gas analyzer with 
a constant magnetic field, described in ["]. 
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THE purpose of the present note is to indicate the 
possibility of and conditions for the efficient direct 
dissociation of molecules in a very intense light 
field and to estimate the magnitude of the effect 
by means of simple quasiclassical calculations, 
since the classical energy transfer ( cf., for ex
ample, [ 1]) determines the excitation probability 
of a quantum oscillator. This direct dissociation 
process is related to the resonance excitation of 
the vibrational oscillations of atoms in a molecule 
or to the tunnel breakup of a molecule on the ap
pearance of pulsating interaction forces between 
atoms polarized by the wave field (this mechanism 
applies in the case of homopolar molecules ) or on 
the direct action of the field on atoms considered 
as ionic fractions of molecules (in the case of 
heteropolar molecules or molecular ions ) . 

First, we shall consider homopolar molecules. 
The short-range interaction force between atoms, 
polarized by a light-wave field E = E 0 sin wt and 
located in a molecule at distances r comparable 
with atomic dimensions a, is equal to 

where a is the polarizability of the atoms; a 
""' qeff a/E ""' e2 /mew~e "'=' a 3 for frequencies w 
which are small compared with the electronic 
frequencies Woe· The appearance of this pulsat
ing force may excite the vibrational oscillations 
of the molecule. The buildup of these oscillations 
is strongest when the pulsation frequency of the 
force is Slf = 2w - Sla, where Sla is the natural 
vibrational frequency of the atoms in the molecule 
( Sla lies in the infrared region). In this case, the 
amplitude of the oscillations rises linearly with 
time: 

X0 (t) = fot/2MaR.a = (a2E~ j4MaQa) t. 

When the oscillation amplitude is close to critical 
(xc < a), the molecule will break up. For this, we 
require a time T "'=' MaSla/aE~. For example, when 
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the atomic mass is Ma ""' 10-24 g, we find that T 

""' 10-10 sec for the vibrational frequency Qa < 1015 

sec-1 and E0 ""' 107 V /em, i.e., the breakup of the 
molecule will occur very quickly when the frequen
cies become equal at resonance: Qf- Qa. 

The drift away from resonance may be quite im
portant unless special measures are taken: the res
onance frequencies are selected to cover several 
levels, the frequency is varied with time, the build
up time is short, etc. 

If the conditions are not exactly those of reso
nance, beats are observed with the frequency b.Q 

~ Q - S1a and the probability of excitation increases 
strongly at the instant of maximum buildup. Close 
to resonance, the amplitude 

X (t) /o sin (Q/ - Qa) t o ~ M (Q2 _ Q2) 
a I a 

does not exceed the value 

Far from resonance, the forced vibration ampli
tude is given by the same expression. 

In strong fields or in the case of strong excita
tion, the interaction forces between polarized atoms 
may cause sub-barrier breakup of the molecule by 
the tunnel effect, with an exponential dependence of 
the breakup probability on the polarization force. 

It is interesting to note the difference between 
the nonresonance and resonance interactions as a 
function of the mutual positions of the interacting 
atoms and the direction of the electric vector of 
the light wave. If the interacting atoms lie in a 
plane perpendicular to the direction of the field, 
the polarized atoms always repel one another, 
which favors the breakup of the molecule. How
ever, if the atoms lie along the direction of the 
field, then, in the nonresonance case, the polar
ized atoms attract one another while close to res
onance the buildup of oscillations again occurs and 
there is a tendency for the molecule to break up. 

Because of the quadratic dependence of the force 
on the field intensity, the average force is not equal 
to zero. This allows us to use light fields of high 
frequencies w >> S1a, modulating their amplitudA 
or rotating the electric field vector at frequencies 
which build up the resonance oscillations· (the 
modulation frequency of the field amplitude [lmod 
~ S1a /2). Such modulated or rotating light fields 
can be obtained by superimposing waves with close 

but different frequencies or polarizations, or with 
a phase shift which ensures rotation. For the os
cillations with w » Qmod· nmod/Q = w/Q » w/w; 
therefore, rapid variation of the frequency Qmod 
with time can be obtained, thus ensuring synchroni
zation of the nonlinear oscillations and the force. 

We shall consider now the case of heteropolar 
molecules or molecular ions. Here, the force act
ing on the atoms, f(t) ""' eE0 sin wt, depends lin
early on the field intensity, and therefore the res
onance condition is wa - S1a 1 > and the resonant 
rise of the amplitude is x0(t) = (eE0 /2MaS1a)t, 
which gives the resonance buildup time 

\'- aMaQa / eE0 = 3-10-13 sec, 

i.e., at the same values of the various quantities 
involved, the dissociation of heteropolar and ionic 
systems should be more intense. The strongest 
dissociation effect appears when the atoms lie 
along the direction of the electric field. For the 
dissociation of homopolar molecular ions we can 
use light fields of higher frequencies, modulated 
or rotating at a frequency close to the vibration 
resonance. 

It follows from the above treatment that it is 
possible to use an intense light field with reso
nance carrier or modulation frequencies for ef
fective excitation and dissociation. 

The effects considered may be used. for ex
ample, to intensify the effect of light on molecular 
media or on micro-objects, to dissociate beams 
of fast atoms or ions entering a trap, [l] to obtain 
an atomic beam from a molecular beam, to heat 
directly the molecules of a medium, etc. 

1lG. S. Voronov drew the author's attention to the fact that 
exchange electron transitions in a homopolar molecular ion 
may alter the resonance conditions. 
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