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It is noted that the normal amplification process changes sharply when condition (4) is no 
longer satisfied. In such a case, the intensity of output radiation tends to oscillate, and the 
light amplification or attenuation effects are themselves suppressed. 

THE point of departure will be the quasi -classical 
equation system [ 1- 4] describing the propagation of 
photons in a one-dimensional medium containing 
two-level atoms. The vector potential of the radi­
ation will be sought in the form 

Ao(.r, t) = A(x, t) exp (ikx- iwt) + c.c. 

The amplitude A(x, t) is assumed to a variation 
slower than exponential as a function of x and t. 
The system of quasi-classical equations determin­
ing the field (with a definite linear polarization), 
the population excess 6. = n2 - n1, and the "transi­
tion current'' p has the following form: 

dA 1 DA ~ 2n 
a~-+ -;;i)t + 2A = -z;- p, 

Dp . pf A~ I Vl 2 --- + tep + -- = ---'---­
dl :2 en , 

(1) 

(2) 

( 3) 

The following notation is used in (1)-(3): v is the 
velocity of light in the medium, {3 is the coeffi­
cient of absorption associated with nonresonant ef­
fects, E = w0 - w is the detuning at resonance, 
where E I w « 1, n0 = n1 + n2 is the density of 
atoms at lower and upper working levels, r is the 
width of the absorption line (assumed to be Lo­
rentzian), and IV 12 is the squared modulus of the 
transition matrix element. The system (1)-(3) is 
solved for the following boundary and initial con­
ditions. Let us assume that the injection of the 
pulse into the medium begins at t = 0. The inten­
sity and phase of the incident radiation are given 
at the boundary of the medium (which occupies the 
half-space x 2: 0), i.e., when x = 0. At t = 0, the 
population excess is given as 6. = .C.O; the · 'transi-

tion current'' p = 0 and A(x, 0) = 0 for x 2:0. The 
solution is sought for x 2: 0 and t 2: 0. 

The second and third terms of (3) define effects 
due to pumping and spontaneous losses. Both 
terms, as well as the term for nonresonant losses 
in (1), can be neglected in the case considered be­
low. 

The equations as written (after omission of all 
the phenomenologically introduced terms), repre­
sent the quasi-classical limit of quantum electro­
dynamic equations discussed in [ 5• sJ. To under­
stand the nature of the solution obtained under 
these conditions, we shall consider the case of ex­
act resonance, E = 0. This reduces the system 
(1)-(3) to a single equation for the real function 
A(x, t): 

DA+-~DA = niVI~osin( 2IVI_~Adt). 
Dx v Dt {!) en 0 

This equation can be solved numerically after 
conversion to an integral equation and application 
of initial and boundary conditions. The form of the 
equation readily shows that the boundedness of the 
derivative of A(x, t) imposes a linear limit upon 
the growth rate of A(x, t). Furthermore, we can 
expect an oscillating-type of solution whose fre­
quency is determined by the value of the sine argu­
ment. Calculations based on the balance equations 
indicates a much more rapid (exponential) rise in 
intensity without any oscillations. This follows 
from considering the interaction of two-level at­
oms with the ambient medium. 

Clearly, if the atomic relaxation is much faster 
than stimulated absorption or emission (condition 
(4)), so that the "transition current" has totally 
lost coherence, the solution will represent equa­
tions based on the neglect of any phase relation­
ships (balance equations). Otherwise p will not 
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lose coherence, and the amplification process will 
not have a sharply defined directivity and will be 
characterized by oscillations. 

To verify this reasoning, let us consider a solu­
tion of (1) -(3) by perturbation theory. Let us as­
sume that the amplitude of the input pulse changes 
weakly after passage through a medium with ex­
cess population. Then, substituting the initial val­
ues of intensities I1 and A1 into (2) and (3), we can 
determine p (x, t) and 6. (x, t), and in turn, using 
(1), find the correction to the initial intensity. Let 
us consider the result of computing I, as an exam­
ple. If the condition 

(4) 

is satisfied, the solution has the form quite similar 
to that of the corresponding balance equations 

I= /1 + /1o:'1ox ( exp [ -- 'l.of: (I- .r \ l 
\_ ' {' J 

-- exp - . ( I - .t ) • [ r -' \ l" 
2 ·. c . _~ I 

u has in the equations the form u = 81r I v 12 I wen r. 
The corresponding solution in the case of the 

inverse inequality has the form 

I= / 1 -+- -~.o:ct'f~/;.;in { yi;-~i~ (r- .r: )) 
~ " \ (';) 

[ r ( 1'. l 
Xt•xp - . t - · ;1 .• 

4 ' I'' J 

For the sake of simplicity, formulas are given 
for the case of E = 0 and for an initial input pulse 
of rectangular shape and length T. The result 

given is valid \Vithin the range T :::: t :::: x/v and 
when the second term is small. Within the range 
t ::s x/v the intensity I is zero. A "tail" of a low 
intensity pulse (in comparison to the increment 
of I1), with a width of the order of 1/I', appears in 
the range t :::: T. A comparison of the equations 
reveals a differing nature of the amplification 
process. 

When condition (4) is violated, the radiation in­
tensity is oscillatory, and the light amplification 
or attenuation effects are suppressed. 

For comparison with experiment, one should 
start with analogous formulas for E f 0 (too un­
wieldy to be given here) and one should try to de­
crease T and r. 
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