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The change in the absorption line shape of weak radiation from two-level systems (Zeeman splitting levels 
of Cd l13 atoms) under the action of Gaussian noise emission is investigated. Under strong nonresonance 
action, increase in the noise field power resulted in a shift of the absorption line peak and its broadening, 
and also in a strong growth in the fluctuations of the absorption index. In the region of low saturation, the 
line broadening is proportional to the square of the power, whereas it is proportional to the noise field 
power in the case of high saturation. A theory of the effect of nonresonance noise fields is developed. The 
results of the theory are in good agreement with the experimental results, and are used to predict the 
nature of the change in the atomic energy structure in nonresonance radiation fields of multimode lasers. 
An amplification of the weak radiation is observed in the action of a resonance or quasiresonance strong 
noise field. The maximum attainable value of the field decreases with increase in the spectral width of the 
noise field line. 

PACS numbers: 32.1O.Vc, 32.1O.Dk, 42.50.+q 

1. INTRODUCTION 

We have communicated previously(ll on the observa
tion of the change of the absorption spectrum of weak 
probing radiation of a two-level system (the levels of 
the Zeeman splitting of atoms of cadmium) under the 
action of an intense rotating monochromatic radiation 
field. For strongly nonresonant action, a shift of the 
frequency of the single phonon absorption line of atoms 
without change in its width is observed. In cases of the 
coincidence of the frequency of the strong field and the 
frequency of the atomic transition or of an insignificant 
difference between them, splitting of the absorption 
lines is observed, proportional to the field amplitude, 
and a reversal of the sign of the absorption index in 
some parts of the line, without creation of inversion of 
population levels. The width of the components of the 
splitting was close to the width of the initial absorption 
line. It was established that the usual course of ob
served changes in the shape of the absorption spectrum, 
the values of the line shift and splitting, and also the 
values of the absorption peaks agree with predictions of 
existing theory. 

The investigation of the change in the absorption 
spectrum of a two-level system under the action of ir
regular nonmonochromatic radiation fields is of con
siderable interest. Such fields are as a rule generated 
by multimode lasers in regimes without mode locking. 
Since the instantaneous values of the shifts and splitting 
of the absorption line depend on the amplitude of the ex-
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isting field, it follows that in the case of its irregular 
change with time, one can expect not only splitting and 
a shift of the absorption line, but also its broadening 
and the generation of significant fluctuations of the ab
sorption index relative to its mean value. It is clear 
that the dynamics of these fluctuations and the shape 
of the absorption line will be determined in principle 
by the character of the statistics of the operating field. 

The theoretical analysis of the excitation of the spec
trum of even the simplest two-level system by an ir
regular intense radiation field presents a very compli
cated problem, general methods of the solution of which 
for an arbitrary statistics of the operating field do not 
exist at the present time. A more complete theoretical 
investigation of the dynamiCS of two-level systems has 
been carried out for the case in which the radiation field 
is a purely discontinuous random Markov process. (2,3] 
The use of such a type of radiation field enables us to 
write down a closed set of equations for the averaged 
density matrix elements and to compute the dynamiCS 
of the change in the mean level populations(2] and the 
spectrum of mean values of the absorption coefficient of 
of weak probing radiation. (3] The most important re
sults of these researches lie in the prediction of the 
field broadening of the lines of atomic absorption and 
the possibility, as in the case of a monochromatic field, 
of reversal of the sign of the absorption coefficient 
without inversion of the average level population under 
the action of resonance radiation. The model of the 
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operating field considered in these researches is real
ized in the case of monochromatic excitation of a atom 
that undergoes collisions in a rarefied gas, instanta
neously changing the direction of motion of the atom. 
The applicability of such a model for the description of 
the perturbation of the spectrum of a two-level system 
by quasimonochromatic radiation of multi mode lasers 
is far from obvious. The radiation of multimode lasers 
in regimes without mode locking represents a set of har
monics in a narrow spectral interval with randomly dis
tributed phases. The statistical properties of such 
radiation are close to the properties of Gaussian noise 
emission. [41 

Quantitative investigations of the change in the spec
trum of atoms in fields of radiation of multimode lasers 
are made very difficult at the present time by the ab
sence of sufficiently powerful lasers with controlled 
degree of mode locking, with adjustable frequency, 
width of the spectral line, and duration of the radiation 
pulses. In this connection, we have carried out experi
mental studies of the change in the absorption spectrum 
of weak radiation from two-level systems under the 
action of a narrow-band Gaussian noise field of the 
radio-frequency range, generated from white noise by 
linear rectangular filters. In the case of a strongly 
nonresonant operating noise field, when one can neglect 
the changes in the level population, we succeeded in 
constructing a theory of the change in shape of the ab
sorption line, the results of which are in excellent 
agreement with the experimental results. The results 
of the investigations have not only Significance for two
level systems, but can also be used for the prediction 
of the character of the change in the energy structure 
of multilevel atomic systems under the action of strongly 
nonresonant radiation of multimode lasers without mode 
locking under conditions of the quadratic dynamic Stark 
effect. In the case of the effect of a resonant noise 
field, an amplification of the weak radiation was ob
served. 

2. EXPERIMENT 

As an object of study and a model for a two-level sys
tem, we chose the vapor of Cd113 atoms in a constant 
magnetic field. The Cd113 atoms have only the nuclear 
angular momentum 1= t in the ground state, which splits 
in a constant magnetic field into two Zeeman levels. 
Under the conditions of our experiment, the frequency 
of the Zeeman transition amounted to 4.5-5 kHz and 
was many orders of magnitude smaller than the fre
quency of transitions to the nearest level, which enables 
us to assume such a system to be purely two-level one. 
Predominant population of one of the Zeeman levels was 
created by the method of optical orientation of the Cd113 

vapor by Circularly polarized resonant radiation of 
3261 A of a tube with Cd114 (the scheme of the apparatus 
used is similar to that described in[l]). The vessel with 
Cd113 vapors, saturated at 220°C in a buffer gas (xenon, 
100 Torr) was placed at the center of a system of three 
pairs of Helmholtz coils, located mutually perpendicular 
to the magnetic field: the constant field Hz and two 
radio frequencies-the strong noise Hx(t) =Ho(t) coswot 
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and the weak are Hy(t) =H1 coswt, the frequency of which 
was varied close to the frequency of the Zeeman transi
tion W21 • 

The relative spatial inhomogeneity of all three fields 
in the volume of the vessel did not exceed AH/H = 10-3 • 

The strong noise field Hx was obtained with the help of 
filtration of broadband (practically white) shot noise by 
narrow rectangular filters. The damping in the at
tenuation band of the filter exceeded 60 dB, and the 
width of the pass band of the filters was much less than 
the band width of the spectrum of the white noise gen
erator, which guaranteed Gaussian statistics of the 
noise emission acting on the atoms. The power of the 
noise field was controlled by measurement of the mean 
square voltage on the corresponding Helmholtz coils with 
a square-law detector. The light ray was directed onto the 
YOZ plane at an angle of 45 Q to the Y and Z axes. Transi
tions of the atoms as a result of the absorption of the 
weak probing radiation of frequency w led to modula
tion with this frequency of the absorption of the optical 
beam. The percent modulation of the light beam with 
frequency w, proportional to the absorption index of the 
test emission was measured. To obtain a sufficiently 
large ratio of signal to noise (greater than 10), filters 
with bandwidth 0.03 to 0.015 Hz were placed in the 
measurement circuit. 

A. Action of the nonresonant ("weak") noise field 

In these experiments, we aimed at the study of the 
change in the shape of the absorption line as the result 
of the change of the energy structure of the levels by 
the noise field only, without change in its population. 
The "weak" field is determined by this condition. It 
follows from analysis of the results of study of the ab
sorption line shift in monochromatic nonresonant fields 
that the change of level populations is insignificant so 
long as the value of the absorption line shift remains 
small in comparison with the difference in frequencies 
of the effective radiation field Wo and that of the atomic 
transition W21 • [11 Therefore, we have limited our
selves to such values of the powers of the operating noise 
emission for which the values of the shift and broaden
ing of the absorption line remained much smaller than 
Wo - W21 • As will be shown later (see Sec. 3), under 
these conditions, the theoretical analysis of the change 
in shape of the absorption line is greatly simplified and 
the line shape can be expressed in analytic form in cer
tain limiting asymptotic cases. This shape can be com
pared with the results of experiment. 

We have observed the change in the absorption line 
shape of radiation with frequency w near the frequency 
of the Zeeman resonance W 21 (- 4.5 kHz) under the ac
tion of a noise field with central frequency Wo (- 5 kHz) 
and spectral width an, is equal to 2, 6, 10 and 30 Hz 
at the half-power point. The sharp decrease in the 
spectral noise power outside the band an (by - 60 dB at 
distances of several an from the central frequency wo) 
produced a negligibly small change in the population of 
the Zeeman levels, which are resonant with the fre
quency of the Zeeman transition W21 • 

The general laws for the change in the line shape, 

A. M. Bonch·Bruevich et at. 231 



10 

~n=JOHz 

0~~~~-L~8~m~~'2~,L#~ffl~ 

(v,'/r'Ho-' 
FIG. 1. Dependence of the shift in the absorption peak on the 
power of the noise field. 

established for all the noise fields used, are the follow
ing. 

1. For small values of the noise field power, the val
ue of the shift in the maximum of the absorption line A 
is identical with the value of its shift in a monochroma
tic field of the same power (Fig. 1)1): 

2. The shift in the maximum of the absorption line 
A reveals a tendency toward saturation as the noise 
field power increases. With decrease in the width of 
the spectral line of the noise field An, the saturation 
of the maximum displacement is achieved for smaller 
powers of the noise field. In the saturation region A, 
at constant noise field power (V~ = const), the shift of 
the maximum of the absorption line is greater, the 
greater the width of the spectral noise line A.. 
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FIG. 2. Shape of the absorption line: a) continuous curve
experiment at w,,=30 Hz, vVr2 =5 x I02; b) points-experi
ment at w"=2 Hz, V~/r2=7xI02, continuous curve-calcula
tion from Eq. (14) for these same values of wn and v~/r2. 
The dashed lines are the absorption lines in monochromatic 
fields of the same power; K O(w21) is the absorption index at the 
center of the line in the absence of a strong exciting field. 
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FIG. 3. Dependence of the absorption line width rf on the 
power of the noise field: a) An = 30 Hz, b) An = 2 Hz. 

3. For low noise field powers, the shape of the ab
sorption line is insignificantly different from Lorentzian 
(Fig. 2a). The width of the absorption line is propor
tional (Fig. 3a) and the value of the maximum of the ab
sorption index is inversely proportional to the square 
of the noise field power. 

4. In the region of high noise field powers, for the 
case of saturation of the shift of the absorption line 
maximum, its shape becomes very asymmetric (Fig. 
2b). The dependence of the falloff of the line wing in 
the direction of the shift of its maximum is close to ex
ponential. The absorption line width is proportional 
(Fig. 3b), and the value of the maximum of the absorp
tion index is inversely proportional, to the noise field 
power. 

5. Under the action of the noise field, the fluctuations 
of the absorption index increase significantly. For ex
ample, if under the action of a monochromatic power
ful field, the ratio of the absorption signal to the noise 
at the maximum of the absorption line amounts to 103 , 

then, for powers of the noise field corresponding to 
saturation of the shift of the absorption line maximum, 
this ratio amounts to 100-10 in a band of 0.03 Hz and 
1-0.2 in a band -1 kHz. It was verified that with the 
exception of the action of a weak probing field, the ef
fect of strong noise field on the cadmium atoms does 
not lead to any appreciable increase in the noise in the 
0.03 Hz band in the region of the atomic absorption line. 
This means that the increase in the fluctuations of the 
absorption index is a consequence of the fluctuations of 
the shift of the absorption line in the noise field. 

B. Effect of resonant and quasiresonant noise fields 

The study of the change in the absorption line shape 
under the action of powerful resonant noise fields is a 
much more difficult problem, because of the decrease 
in the difference of populations (and consequently, of 
the mean values of the absorption index) and because of 
the difficulty of eliminating the fluctuations of the light 
passing through the atomic vapor, with noise-field fre
quencies close to the frequency of the probing field. 
The presence of such strong fluctuations (which are 
present when the weak field of frequency w is not ap
plied to the vessel with atomic vapors of Cd) made un
reliable the measurement of the absorption of weak 
probing radiation in the band of frequencies of the noise 
field. The degree of equalization of the level popula
tions is proportional to the power of the noise field; as 
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FIG. 4. Absorption spectra of a weak field: a) Wo = w21' 
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lines indicate the calculated dependence of the line shape in a 
monochromatic field of the same power. 

a result, the maximum powers of the noise emission for 
which reliable measurement of the absorption of the 
test radiation is possible are severely limited. 

Figure 4 shows the absorption spectrum of the prob
ing radiation in the case of the action of resonant (Fig. 
4a) and quasiresonant (Figs. 4b, c) noise fields. The 
most important features of the change in the absorption 

233 Sov. Phys.-JETP, Vol. 43, No.2, February 1976 

line shape, established with the use of both resonant 
and quasiresonant noise fields consist in the following: 

1. Under the action of a strong noise field the absorp
tion line undergoes a splitting the value of which is pro
portional to the square root of the power of the noise 
field and is approximately equal to the value of the line 
splitting under the action of a monochromatic field of 
the same power. 

2. As under the action of a strong monochromatic 
field, the effect of sign inversion of the absorption co
efficient is observed (i. e., amplification) without in
version of the mean population of the levels. The maxi
mum achievable value of the gain increases with de
crease in the spectral line width of the noise field and 
is achieved for the case of quasiresonant action. Under 
conditions of resonant action, and also nonresonant 
action with the noise line width I::.n, significantly greater 
than the width of the atomic line 2r, the maximum value 
of the absorption exponent is much less than in the ac
tion of the monochromatic field. For quasiresonant 
action of the noise field with spectral line width I::.n $2r 
the maximum achievable width of the absorption expo
nent is close to its value in the monochromatic field of 
the same power. 

3. The resonant action of the noise field leads to 
strong fluctuations of the absorption exponent, the rela
tive value of which (in relation to the mean value) in
creases with increase in the power and the resonance 
of the noise field. Thus, under conditions of quasi
resonant action (Fig. 4b) the maximum ratio of signal 
to noise in the band 0.02 Hz was about 30. In the case 
of resonant action (Fig. 4a), it reaches -10 in the band 
0.02 Hz, and - 0.05 in the band -1 Hz. 

4. In the case of large widths of the spectral line of 
the resonant noise field An and not too large values of 
its power, when V~ < I::.~, only a broadening of the ab
sorption line width is observed (approximately propor
tional to the power of the noise field) and a decrease in 
the maximum of the absorption index (approximately 
proportional to the square of the power of the noise 
field). 

3. THEORY. DISCUSSION OF RESULTS 

A. Action of the nonresonant ("weak") noise field 

The change in the absorption line shape of the auxilia
ry probing field of a two-level system under the action 
of a strongly nonresonant noise field can be obtained 
from a solution of the equation for the matrix density 
in the rotating-field approximation:2 ) 

ii,,~ V"I"-I,, V"-i1.t,,, ij" ~ V" (j" -I,,) -i1'/", 

f,,+f,,~l, f,,~f,,·· (1) 

Here V21 = Vt e-iwot + v e- iwt = Vi2' Vt = - 1T~ Ho(t)/2, 
v = - 1T~H1/2, 'Y1 and 'Y2 are the frequencies of longitudi
nal and transverse relaxation Wo = Wo - W21 , W = W - W21 ; 

the states of the system are numbered in order of in
creasing energy. The amplitude of the field Ho(t), in 
correspondence with the conditions of the discussed ex-
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periment, is assumed to be a random function of the 
time, having the statistics of a complex Gaussian pro
cess. 

We used in the experiment linear fields the action of 
which differs from the action of a circular field only in 
the appearance of the Bloch-Siggert shift, equal to 
V~/2wo, which does not exceed 1 Hz for very powerful 
noise field and is much less than the observed shifts 
and broadenings of the absorption line. 

Setting the moment of startup of the field. to be t = 0 
(V21 = V12 = 0 for t < 0), we eliminate the quantities; fll 
and f22 from the second equation of the system (1). The 
resultant equation for the quantity f21 is then represented 
in the form 

t 

]"(t)=-y,j,, (t) +2V21 (t) J e-1,((-"'{V21 (t')f,,(t') 
o 

-f" (t') v" (t') }dt' -iV21 (I), (2) 

Upon satisfaction of the experimentally-realized con
dition of smallness of the change in the level popula
tions in the noise field 

Vo'l(W21-WO) '..::1, (3) 

(4) 

we can neglect in the integral term of Eq. (2) the com
ponents of orderS) v and v2 • We represent the integral 
term of Eq. (2) obtained in such fashion in the form 

, 
2iwo-'V, exp[ -iwot-y,tJ J exp(y,I') {V,'f,,(t')d exp[ -iwot']}+ c. c. 

o 

(5) 

and then integrate (5) by parts once. The result rep
resents the sum of components of different order of 
smallness: the component which contains the integral 
is small in the measure of a/wo since Vt - an Vt or in 
the measure .of V ~/ w~, since j12 and j21 are of the order 
of V~f1z1wo (and correspondingly V~f21/WO)' The con
tribution to f21 from the rapidly oscillating components, 
which contain the factor e-iwot or e-i2wot, is small in the 
measure of vVw~. 

Therefore, neglecting the rapidly oscillating and the 
integral components, we write down Eq. (2) in the ab
breviated form 

(6) 

The solution of Eq. (6), averaged over the ensemble of 
realizations of the random field, determines the aver
aged polarizability at the frequency w of the weak field, 
the imaginary part of which is proportional to the ab
sorption index K(w) of the weak field: 

~ 

K(w) - Re S G(t)exp(-y,t+iwt)dt, (7) 
o 

where 
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G(t)=( eXP{2iwo-'SIV,,12dt'}). 
o 

The quantity G(t), in the case of complex Gaussian 
statistics of the perturbation Vt, can be represented 
in the form 

where (J(t) is determined by the infinite sum of irre
ducible contributions (ring diagrams): 

(8) 

(9) 

t '2 t t '3 t t t 

a (I) =i S K" dl, + T S S KI2K21 dt, dt, + -T S S S K"K"K31 dt, dt, dt,+ ... 
o 00 000 

(10) 
Here the correlator Kit is defined as 

(11) 

The expressions (9) and (10) can be obtained either by 
using the representation of the higher correlators in 
terms of the lower for the case of averaging the com
ponents of the expansion of the exponent (8) in a series, 
or by carrying out averaging of the exponent (12) with 
the help of a multidimensional normal distribution func
tion, replacing the integral in the exponent of (8) by a 
Riemann sum. 

The problem of the summation of the contributions 
(10) can be reduced to the problem of finding the solu
tion of a certain linear integral equation, However, in 
connection with the fact that the method of solution of 
this equation is unknown in the general case, we shall 
not seek an exact solution of (J(t) and shall limit our
selves to the study of the absorption line shape for two 
limiting cases. 4) 

The first case corresponds to the action of the noise 
field with the narrow spectrum: 

In this case, it is sufficient to calculate the sum of the 
series (10) for t« an - 1 [5]: 

a(t) "" t i~ K,tn = -In(1-iKot). (12) 
.-, 

The absorption line shape in this case is determined by 
the expression 

) S~ exp(-y,t+iwt)dt 
K(w - Re 

o 1-iKol 

~~S exp(-w'/IKolldw' . (13) 
2nD (w-w'signKo)'+y,' 

The expression (13) can be represented in the follow
ing approximate form when Yz« Ko (for Ko > 0): 

K() ( n + W"-W) {exP[-(w-w21)IK o], W<W21 
w - - arctan-- . 

2 y, 1 w>w" 
(14) 

The K(W) dependence, calculated according to Eq. (14) 
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for the values of Y2 = r and Ko realized in the experi
ment, is shown in Fig. 2b. Since the equation (14) de
termines K(W) with accuracy up to a constant factor, 
the matching is carried out at the maximum of the ab
sorption line, where the experimental value of the ab
sorption coefficient is more reliable (at this point, the 
experimental value of the absorption exponent is as
sumed equal to the theoretical). 

As is seen from Fig. 2, the general form of the theo
retical and experimental dependences is quite the same. 
It follows from (14) that for Ko» h the shape of the ab
sorption line is determined chiefly by the function 
exp{(w - W21 )/Ko} and is proportional to Ko, i. e., to the 
power of the noise field, which is also in excellent 
agreement with the measured dependence (Fig. 3b). 
The picture of the change in the line shape, determined 
by the relation (13), can be interpreted in the following 
way. For Ko> Ll. n' the atomic system is located, as it 
were, in a quasimonochromatic field with an amplitude 
that is changing slowly in comparison with the value of 
the inverse of the mean line shift. In a time interval 
that significantly exceeds the correlation time Tc = Ll.;l 

of the exciting noise field, the field amplitude goes 
through nearly all possible values; the value of the line 
shift also takes on all possible values, which appears as 
its broadening. Upon satisfaction of conditions (3) and 
(4), the value of the line shift at each instant is propor
tional to the square of the field amplitude; therefore, 
the formula for the line, in the case of its initial width 
r is much less than the mean shift K o, is close to the 
distribution of the denSity of probability of the square of 
the field amplitude. 

For a complex Gaussian process, this distribution 
has the exponential form 

(15) 

with a constant Ko proportional to the noise field power
in the exponent. 

The absence of a limiting transition from the action 
of the noise field to monochromatic as the spectral 
width decreases is explained by their different statis
tics. In the case of the field obtained by narrow-band 
filtering of white nOise, the amplitude of the effective 
field is variable, running through all its realizations 
during the time of recording. With decrease in the line 
width of the noise field, only the time necessary for 
realization of all values of the field amplitude increases. 
In the case of a monochromatic field, its amplitude re
mains constant over the time of recording. 

The other limiting case corresponds to the action of 
the sound field with a wide spectrum: Ko« Ll. n' In this 
case, it suffices to keep only the first components in 
the sum of (10), considering them in the limit t» Ll. ~l. [5) 

The first component of the sum (10) corresponds to the 
line shift Ll., which is proportional to the total noise 
field power 

(16) 
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and is equal t{) the value of the line shift in a monochro
matic field of the same power. The result is in full 
agreement with the experimental results (see Fig. 1). 
The second component determines the value of the line 
width y= rj - r of the noise field: 

~ 

'\'= f K'(t)dt-K,'/!in' (17) 

The quadratic dependence of this field broadening on 
the noise field power, predicted by the relation (17), is 
well confirmed experimentally (Fig. 3a). It follows 
from Eqs. (16) and (17) that in broad noise spectra, 
Ll. n» Ko, the field broadening of the absorption line is 
less than its shift Ko by the factor Ko/ Ll. n' In the limit
ing case conSidered, the field amplitude changes rapidly 
in comparison with the frequency of the line shift and 
an averaging takes place of the instantaneous positions 
of the line relative to the mean shift K Il , which appears 
as a small broadening. The effective averaging time 
is the period of the frequency of the mean line shift 
Ka1-the tim'e necessary to measure the value of the 
frequency with accuracy to within Ko. It is obvious that 
the degree of averaging of the instantaneous line shifts 
is determined by the ratio of the mean time of change in 
the field amplitude To to the averaging time, i. e., the 
ratio Ko/ Ll. n' 

The third component of the sum (10), in addition to 
the correction to the shift and to the broadening, con
tains in it information on the asymmetry of the absorp
tion line. Its value is of the order of K g/ Ll. ~ and, con
sequently, in the considered approximation Ko« Ll. n' the 
asymmetry of the line is less significant than its shift 
and broadening, which is also in agreement with the re
sults of experiment (Fig. 2a). Each succeeding contri
bution to the sum (10) will contain the small factor 
K V Ll. n; therefore, the corrections associated with them 
are small. 

Summing up all the results of the study of the change 
in the absorption line shape of a weak emission of a 
two-level system under the action of strongly nonreso
nant (weak) noise field with Gaussian statistics, we 
can conclude that the results of the theoretical analysis 
of the line shape on the basis of linear contraction of 
Eq. (6), are in excellent agreement with the experimen
tal results. The basic initial position of the theory
the neglect of the change in population of the energy 
levels in the noise field, is the condition of the qua
dratic dynamic Stark effect in nonresonant fields of 
optical radiation. Since the statistics of emission of 
multimode lasers without mode synchronization are 
close to Gaussian, then analogous laws will be observed 
in the change in the energy structure of the atomic 
levels under conditions of the quadratic Stark effect in 
the radiation fields of such lasers, when the ionized 
level broadening is unimportant. [6) For low intensities 
of radiation of the laser, a shift in the levels should be 
observed that is equal to their shift in a monochromatic 
field of emission of the same intensity, and small in 
comparison with the shift in the level broadening that is 
absent in a monochromatic field. For level shifts (in 
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frequency units) of the order of the width of the spectral 
line of the radiation, further increase in the radiation 
intensity will lead to the form of distribution of the den
sity of energy levels shown in Fig. 2b. The shift in the 
maximum of the energy density will be quickly saturated, 
and the width of the level will increase in proportion 
with the intensity of the acting radiation, and will be 
equal in magnitude to the level displacement in a mono
chromatic field of the same intensity. 

B. Action of resonant and quasiresonant noise fields 

At the present time, there are no general methods 
for the calculation of the change in the absorption spec
trum of weak probing radiation of a two-level system 
under the action of powerful resonant fields of radiation 
with Gaussian statistics, the results of which could be 
compared with the results of our experiment. The ab
sorption spectrum that we have observed in a resonant 
noise field, with a spectral line shape that is close to 
rectangular (Fig. 4a), does not agree with the results 
of calculation of the absorption spectrum and the 
Lorentzian shape of the spectral line, where absence 
of sign inversion of the absorption exponent and splitting 
of the Jine into two components with width equal to the 
sum of the line widths of the atom and the interacting 
noise field had been predicted. [7J Comparison with the 
results of the calculation of the absorption spectrum in 
the case of the action of the resonant field, obtained as 
a result of modulation, of the phase, frequency and am
plitude of the monochromatic wave in a purely discon
tinuous random Markov process[3J shows that the re
sults of our experiment are very close to the results of 
the calculation for the case of phase modulation. 

The absorption line shape predicted in this case is 
identical with the line shape under the action of a mono
chromatic field for an effective width of the atomic line 
equal to the sum of the widths of the initial line and the 
line of the active radiation. 

We discussed in[l] the possibility of use of the effect 
of sign inversion of the absorption index for the crea
tion of wavelength-tunable generators and amplifiers of 
stimulated emission with inversion of level population 
in the excitation of two-level atomic systems by reso
nance and quasiresonance monochromatic emission. 
The results of our experiments enable us to estimate 
the requirements for the degree of monochromaticity 
of the exciting radiation, when the latter is produced by 
multimode lasers without mode locking. In producing 
generators of stimulated emission, the line width of the 
laser emission should not exceed the homogeneous width 
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of the atomic absorption line used. In the opposite case, 
the maximally achieved value of the gain is reduced and 
the width of the amplification line increased. Use of 
multimode lasers will lead to great fluctuations of the 
gain which can lead to serious obstacles in the creation 
of amplifiers of stimulated emission. Evidently, la
sers with stable amplitude of emission should be used 
for such amplifiers and generators. 

1JThe power of the noise field is expressed in units of the ratio 
of the mean square matrix element of the interaction energy 
of the noise field VB=7T 2y2 jHB(t)/4 to the square of the half
width of the atomic absorption line r 2 (r = 2.7 Hz y = 942 . 
Hz/ G is the gyro magnetic ratio). The method of measure
ment of r and the magnetic field intensity in the volume of 
the vessel with Cd is described in detail in [jJ. 

2)Under the conditions of our experiment, when the shift in the 
levels under the action of the radiofrequency field is much 
smaller than the frequency of the Zeeman transition, the 
validity of the two-level approximation was shown experi
mentally in[1l by the identity of the conclusions of such a de
scription with the experimental results. Departures from 
the predicted two-level approximation have been observed 
only when the freqtteffcy of the Zeeman transition was of the 
order of the shift of the Zeeman levels under the action of 
the radiofrequency field. 

3)The smallness of v in comparison with VI is not a sufficient 
condition for neglect of components proportional to v and v 2 

in the integral term. These components determine the ef
fect of the nonlinear interference on the weak field absorp
tion. C3J The nonlinear interference effect is small if con
ditions (3) and (4) are satisfied. 

4)A simplest problem for theoretical analysis is the calculation 
of the center of gravity of the line (first moment). However, 
the result of such a calculation is already well known: 
namely, the center of gravity is shifted in proportion to the 
power of the exciting field for strongly nonresonant pertur
bation. More informative characteristics-the location of 
the maximum of the absorption line and its shape-can be 
obtained only in limiting cases. 
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