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Population relaxation of a two-level system in a nonstationary resonant field is investigated. Various types
of time dependences of the amplitude r and the frequency v of the field are pointed out, for which exact
solutions exist (in the case of identical as well as nonidentical longitudinal and transverse relaxation times).
In particular, the relation is found between the solutions for an arbitrary field #(¢), v(¢), and the time-inverted
field r(— ), v(—t). An approximate theory of relaxation is given (when exact solutions cannot be found) in
the limiting cases of a weak and a strong nonstationary field, and also for a slowly varying and a rapidly
varying field. Relations determining the polarization of the system as a function of the population dynamics

are presented.

INTRODUCTION

The dynamics of a relaxing quantum system in a
strong nonstationary resonant field is an important
aspect of the theory of the interaction of a field with
matter:!*"! in this connection sufficiently large fields,
such that perturbation theory is not applicable,'’ are of
the greatest interest. Exact solutions for the behavior
of the system at exact frequency resonance and for ar-
bitrary variation of the field amplitude were obtained
by Lyubimov and Khokhiov*! and by Fain!® ! in the ab-
sence of relaxation, and by Rautian(?! in the presence of
relaxation with identical longitudinal (7) and transverse
(T) relaxation times (at zero equilibrium difference of
the populations no). For the case no # 0 and for identical-
relaxation times (T = 7) the latter problem was inves-
tigated by Yankauskas,m who found the general solution
in quadratures at exact frequency resonance (the integ-
rals obtained in this connection are evaluated in'®! for
periodic modulation of the amplitude, and are evaluated
in the author’s article'®] for various other types of
modulation). Zon and Katsnel’son (") obtained solutions
for the case of an exponentially growing amplitude for
a fixed frequency difference (in terms of the probability
amplitudes®').

Inm, by truncation of the equations for the density
matrix, the equation of motion of the populations in a
two-level system was derived in the general case of a
field with a time-dependent frequency v(t) and a time-
dependent real amplitude E(t):

r~grril~gg1 ~
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Here x =n/n, is the difference of the populations
n = 0y, — 0y, of the ground and the excited levels, re-
duced to the equilibrium value n, at the given tempera-
ture; r(t) =d-E/A is the reduced amplitude of the inter-
action, having the dimension of a frequency (d is the
dipole moment of a molecule); v(t) = w(t) — w, is the
frequency difference between the instantaneous frequency
of the field w(t) and the resonance frequency of the sys-
tem Cl)o, and

D,=—‘%+61, D“d_dzH‘ (ar=—;—, 5,=Tl)
where T denotes the relaxation time of the polarization
and T is the lifetime of the excited state.® If the system
is in equilibrium (n =n,, 0,; = 05, = 0) at the instant
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t = t, when the field is switched on, the initial conditions
are as follows:

z () =1, £(t) =0, £(2,) =—r*(t).

@)

An exact theory for a field with a variable amplitude (in
the case v = 0) was developed in®® for T =7 and also
for T #71.

The goal of the present work is the construction of
a theory for the dynamics of a system with simultaneous
variation in time of both the amplitude and frequency of
the field (for nonidentical, in general, relaxation times).

Although exact solutions can only be found for spe-
cific types of relationships between v and r (Secs. 1, 2),
they do, however, allow us to include a broad class of
possible dependences of v and r on the time, dependences
which are of immediate physical interest. One of the fun-
damental merits of these solutions is that they are valid
for arbitrary maximal amplitude of the applied field. This
permits one to trace the evolution of the system’s dynam-
ics following variation of the amplitude from ‘‘zero,”’
which is especially important for v # 0 and T # 7 (Sec. 2),
when the nature of the relaxations changes qualitatively
during the passage of the amplitude through a certain
value T.p, as though separating a ‘‘weak’’ field region,
where perturbation theory still operates, and a ‘‘strong’’
field region where characteristic quantum oscillations
should be observed. Finally, the availability of a large
number of exact solutions enables one to construct with
good accuracy an approximate theory in quite general
cases of a field of arbitrary form (Sec. 3), a theory
free from the inadequacies of perturbation theory whose
series diverge at r > r¢p.

The results can be used for measurement of the
characteristics of matter in experiments that detect the
behavior of the populations or polarization inthe field of
a pulse with a given wave form close to one of those in-
vestigated. In this connection, for observations in the
regime of a given field it is necessary that the thickness
of the layer of matter should not exceed the value

le~cmin (Te, 1/row),

where c is the speed of light in matter, Tg is the dura-
tion of the pulse, and rpyax is the maximum amplitude
of the field. If 7Tg ~ T, and ry,x exceeds 81 by several
times (under these conditions, strongly pronounced os-
cillations should appear), then the thickness is
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