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1. Introduction 

For the last 20 years there appeared a large number of 

both theoretical and experimental works on resonance interac­

tions (RI) of ultrashort pulses (USP) of light with matter (or 

coherent interactions) (see e.g. refs. [1-29]), The simplest 

are one-photon resonance coherent interactions. The investiga-

tion of these interactions was initiated by Kopvilem and Nagi­

barov, who have predicted in 1962 the phenomenon of photon 

echo (1] , as well as by Kurni t et al. 2 , who experimentally 

found it in 1964. Later on a number of new coherent phenomena 

were discovered at one-photon resonance: the self-induced 

transparency (SIT) [3-5], optical nutation [7 ,s], free induc­

tion decay [9]: adiabatic passage [10] • The interest to cohe­

rent processes is first of all determined by a large amount of 

spectroscopic information on 1!18tter {see ref. [24] and refe­

rences therein). Still greater are the possibilities of two­

photon coherent processes. First, one may obtain with their 

help new information on matter {e.g. coherent spectroscopy 

·free of the Doppler broadening [25,26] or three-level stimu-
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lated echo [27-29] ). Second, the two-photon RI of USP may be 

utilized in problems on the short pulse frequency transforma­

tion as well as the shortening of their duration 06, 21-23, 

30-32]. Despite this fact, experimentally two-photon coherent 

interactions are still insufficiently investigated (one may 

note refs. [33-36] where two-photon SIT and the Raman beat­

ing were investigated [37,38] ), This is, apparently, due to the 

fact that for the observation of two-photon coherent processes 

the laser pulse should satisfy stricter requirements. In parti­

cular, the pulse power should be much more than at one-photon 

process8s, and the phase 1aodulation should be smaller. Quite 

often the available sources, retuned to the USP frequency , do 

not satisfy either the first or the second requirement. Besides 

if coherent interaction (e.g. two-photon SIT) at large distan­

ces are investigated, the inhomogeneity in transverse cross 

section of USP [39] as well as the medium relaxation time fi­

niteness acquire special significance. Both these factors (and 

the phase modulation as well [40] ) lead to the breaking of the 

U3F propagation coherence and pulse damping [23]. On the other 

hand, if an additional field, parametrically connected to USP 

fields, is supplied to the medium, then along with the pulse 

energy losd (as a result of diffraction, relaxation etc.) there 

may occur the enhancement of USP due to the energy pumping from 

the additional field. Thus, the existence of self-sustaining 

pulses turns in principle possible. 

In this paper we consider the coherent interaction of USP 

in the medium with two-photon absorption (enhancement) in the 

presence of the field of the frequency resonant to the transi-
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tion frequency. The purpose of our paper is the investigation 

of the following possibilities: 1). coherent propagation of 

USP, inhomogeneous in transverse cross section, at large dis­

tances without loss in media with finite relaxation times as 

well as the self-compression or USP in such media; 2). obser­

vation of the two-photon SIT (and other related coherent phe­

nomena) from pulses having small power and substantial phase 

modulation. 

2. Initial Equations 

Let us assume that both one-photon and two-photon transi­

tions are allowed in dipole approximation between a pair of I 

and m levels of the matter atoms (molecules), As is kno;·m, 

this occurs in media lacking symmetry centers, such as, e.G. 

solid bodies with resonant similarly oriented molecules of ~d­

mixture [41] , or gases located in an electrostatic fiel°d. Con­

sider the interaction of the short pulse of fields 

E 1,2: Cj,2 exp [L (w1,2 t - K1,z ~)] + K.C. , c,,2. =.A1,2. exp (-L lf1,2) 
r 

with the mediWJI• where before the USP arrival a non-zero pola­
~ ~ 

rization is 'e~tablished by means of the resonance field 

E0 = [~1exp(-LKoc) + C0~exp( LKoc)] exp (Lw 0t) + K .C. 

where C01 , C02 - are the amplitudes of forward and backward 

resonance waves, respectively. The t·ime scheme of interactions 

is shown in fig. 1. At first, the medium is excited by a reso­

nance field of the frequency Wo , beginninR with the time ~o-
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ment t=to • Then at the moment t=O the USP of the fields 

C1,2 of the duration 'Ln are supplied to the medium (the re­

sonance field may act at t > 0 as well). Resonance conditions 

have the form (see also fig. 2) 

W1 + CU2 = Wm1 + V1 1 CUo = Cilm1 +Yo 
(1) 

where Wm
1 

is the frequency of the operating transition bet­

ween I and m levels; Yo, v1 are the small detunings 

from resonance. The change in the fields C1,2 of USP (we 

shall later on call them transformable fields) and resonance 

fields Co1 , Co2 are described by eqs. 

(
.§__ + j_ .£.) __!::_ 2fiL W1,2 N [ .i. ( mm 11 ) ,.. 
a2 ll at C1,2+2K1,2 L'IJ.C1,2=- n 1,2 c 2 x,,, -x1,2 '-1,2<ri_> 

(2) 

+x12 exp{L(K 1+ K 2 )~} c;,1 <_6>], 

(
iL ± j_ Q_) + j_ . __ 25iLwo N [i m~ 11 

82: Ooat Co1,02-2Ko!.1.LC01,02- noc 2(.::co xo)Co1,02<'1.> 
(3) 

+dexp (± L1< 0 l) <6> Ji 
which are obtained when substituting the polarization of the 

atom, found by authors of [42,43] for resonance processes, 

into the Maxwell 

In (2), (3) n,t 
mm 11 

.::CJ and Xj 

equation in parabolic approximation [44] • 

is the refraction index at the~frequency Cilj 

are the polarizabilities at the frequency W} 

of the atom (molecule) in rn -th and I energy states, 

respectively; X 12 is the I --.....m two-photon transition pola­

rizabili ty, cl is the dipole moment of the I...--->- rn tran­

sition, N is the density of the medium atoms (molecul,es); 
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1'"0 , l.J' are the group velocities of resonance and transform-

able waves, 

aa a2 -( ) 
4.L == axz + a~2 / < ( ) > - j ( ~ (v)d\! 

where ~(v) is the renormalized-to-unity function of atom 

distribution in v , characterizing inhomogeneous line broad­

ening. We shall assume ~( v) to be an even function of v 
and consider that W1 r 6)2 • coincides with the central frequency 

0 . 
of transition CVm1 of the inhomogeneously broadened line. 

The population difference 

of the density matrix 6 
two-level systems 

ri and the non-diagonal element 

satisfy equations of generalized 

ao/at + [r1
- L (n + v)]6=L1i -1y11 

(4) 

a'l/at + ( ri - t'J.p)'L- 1 
= -4 ti- 1:/m (6 -p'') (5) 

where 

r= -xn.C1C2exp[-L (K1 + K2)2]-clC01exp(-LKoc)-dC02 exp (LKo 2), 

't, T are the longitudinal and transverse relaxation times, 

SL =1;.-
1 
Lj(xjm-xj1) / Ej /

2 
(summed over all fields); ri_ P is the 

equilibrium population difference. If there is a pumping 

source, using which one ca~ produce inverse population bet-

ween I and m levels, 'Z;' and 

babilities of the transition V\/ij 

state. For the three-level system 

'l,p are defined via pro-

from {, state to j 
(ruby type) · 

t'l, - W13W32-W21(Wa1+W32) 
p- W13Wa2+W21(V/31+vJ32)' 

W31 +W3 '(;'= 
W13 \'f.132 + Wa1 ( V./31 + V/J3a) 
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J. Plane Wave Approximation 

Consider first the case, when the fields CJ vary along 

the transverse coordinates x, ~ slow enough, and one may 

neglect in eqs. (2), (3) the terms proportional to .i:l.L Cj • 

Turning from (2) to the coordinate system t-t-'l/!J", ~ - z:, 
we shall obtain equations' for the amplitudes .A 1,2 and phases '.f,

1
2, 

aJi1, 2 = _ !TTNX12W1,2 .A
2

,
1

<R> 
a~ n1,2 c 

( 6) 

CJ(Y',+%):: !ffN {x 12 (.A2W•+ .A1w2)<I>+<Y/)[(xmm_ 
ac. c fl1fl1 .A2n2 1 (7) 
11) -1 ( mm 11) -1J} 

-x1 w1n1 + X 2 -:x2 Wenz. 

where R +LI= 2 i-6 exp L ( lf1 + ':f2) , P = ':f1 + ':fz. 

Let us integrate eqs. (4) and (5), and considering that 

'Ln«'t,T,tiv.-i ( Llv- is the line breadth) we obtain 

t . t i' 

6 (O<t<t'n)=exp[L r (SL +~)dt] { 60 + ~ ~dtf'lexp[-L r(St+~)di]} 
0 0 0 (8) 

t 
'l ( 0 < i < 'Cn) = qo - 411- 1 ~ :Jm ( 6 'f~) d t, 

0 

where 60 =6(t=o), 'lo"11,(i::O) characterize the polarization 

3.Ild population difference determined by resonance field to the 

moment t= 0 and ar~ defined by solutions of eqs. (3)-(5), 

where C\2 = o. Let us assume that one of the fields of USP 

is supplied to the medium input ( C1 (i!=-O)-# O, we shall call 

* it the triggering field), whereas C2 (2'.=0) = 0 • Consider the 

* suc!1 a state of things is typical for most problems on freq­

uency transformation. 
8 

case, when at 0 <i < t'n the resonance fields Co1 , C02 are 

small, so that 

t t i 

"h-1 lh;'1ocltj«l6ol, ~ lr:Jm(Yp6'o)at/«l7ol, jnpcdt~1 (9) 
0 0 • 

( Vp, S2.p are equal to y and S2. , respectively, at C1, 2=0 t 
In that case, at the initial stage (the field C2 is still 

small and conditions (9) a~" valid, if Y'P and S2p are re­

placed by r and S2 ) one may assume 

6(0<t<0n)""'6o(~), '1 (O<t<'tn) :::::'10 (i:) ( 10) 

Substituting (10) into the right hand side of (6) and integrat-

ing it, we obtain 

) 
e : 

a,o(t { [ t s ] [ ~ \ } a
1
,
2
=-2- exp -2 <Ro(.r:)>d2 ±exp zj<R0 (r.)>d~J <11) 

0 0 

where Gtj =.AjfnJIWj , Ro= R( t =O) J t = 29fNC-1x12 Jw,Wz/n1 n2 
Taking int·o account (10), one may see from eq. (7) that the 

phase ~1 +lf2 is practically instantaneously established in 

such a way that Q 2 increases (see (11) *. It is seen that 

if (9) is satisfied, the presence of resoni:µice field in the 

time interval· O<t <'C'n at the initial stage does not affect 

the USP propagation. Let a2 and a 1 increase at the ini­

tial stage so much that X 12 ,I C1 C2 j ~ d. I Co1 I • Then at conse­

quent stages, with the increase in a2 and a, • the reso­

nance field Co1 can substantially increase due to the presence 

* Such a phenomenon .is termed the phase capture of interact­

ing waves [45]. 
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of parametric coupling between C1,2 and Co1 • Let us show 

that despite this, one may ignore at subsequent stages the in­

fluence of the resonance field in the interval 0 < i < '<:'n • 

To do so let us assume that the pa:r·ametrical coupling is pro­

vided in the best way, i.e. there occurs an exact ph3se syn­

chronism. In this case, as is shown in [46] (in the approxi-
. mm 1i • 

mation xj = xj ) the amplitudes ao1, a1 and a2 ar~ connect.;. 

ed by the relation. 

[ ( ) 
1 a,(z) + cte (~) 

j CT01 2'. -ao1 ( Zo)J = en · ( 12: 

where d ( . / )ve -1 -v2 j3 = C:Uo/ no X12 (lLJ1(J)2/n,n2) 

As is seen from ( 12), if ct 01 increases according to the li­

near law, Cl..1,z increases according to the exponent. Hence, if 

at the initial stage 

X12/C1/ IC2I >,) d/Cod ( 13) 

eq. (13) will be valid at the further increase in the fields 

Cj as well. Since there is no parametric coupling between 

inverse resonance wave Co2 and fields C1, 2 (besides, due to 

small efficient length of their interaction [lr.:::'lJ't'n ) we con­

sider Co2 to change insignificantly with the change in C1, 2 • 

Thus, we obtain that if the resonance field satisfies relation 

(9) in the interval 0< t < 'tn , one may neglect its influence 

on the evolution of USP of C1,2 fields, and consider that 

Co1,02 .( 0 < t < 'C'n) = 0 ( 14) 

·.'le shall further consider (14) satisfied. The complete set of 

equations for the fields .A1, 2 of USP will be composed in 

10 
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this case of (6), ('T) and equations for medium 

• • -1 ' 
R +I (P + Y + Sl-n) = 2 X121i .R1A2q ( 15) 

i=(P+v+S?.n)R (16) 

~= -2:::c121i-1.A1.A2R (17) 

where Jln = S'<!-(C01,ce = 0) • Let us find the solution for .A1,2 
in the general form assuming Ro(.ii!:), J0 (~) and ~o(t) to be gi-

ven functions of 2 • As seen from (11), at the initial stage 

a1/ct2 is independent of t ( Cl.2-..... al with the increase in 2' ) • 

If a2 ~a1 is established at a point ro , then, as is seen 

from the Menly-Row relation ( Q~ - Cl.~ = a~0 ) , ae ~ a 1 at a fur­

;her increase in ct.1,2 • In the latter case we have proportio­

nate regime of interaction. Let the proportionate regime start 

before the end of the init i al stage of interaction. As is 

shown in [22] (for a similar problem) this occurs in all the 

cases, when the triggering field Cl. 10 is small enough. In 

this case ct1/ct2 may be considered t-independent in all 

cases • . Differentiating eq. (7) with respect to t and com-

bining it with (6), we shall obtain the . integral of motion 

4 z · 2 _ ola,o{( 2a. _ 1V[(~-1D
2- JYz f = CD + _Q_ - 8 a2 Cl. 2 f -I n w m 

e ( 2~7 -i+['e~7 _11 z_1]Y2l}[az(a2 -a2 )]-vz 
n Clio a,o ~ / 1 1 to 

(18) 

2t-f[( mm 111 ( mm '') J where cl= n X 1 -x, )Ct)1/n 1 + .x2 -X2 cu2 /nz 
Taking into account the fact that the function 

F (c) = n ( 2X12r
1 f I .A1 .Az (19) 

is t-independent as well (according to (18)), let us integrate 

11 



(15)-(16). We shall obtain 

t 

R"' aq,sLn [y(r.) + 2x 12 ail-
1 ~/11 .A 2 ct.t] 

t 
ri = g + cvos [ lf ( l) + 2x12 ati- 1 LR1.A2 di] 

(20) 

I=Io-FCri-rio) 
a=(1+ F2)1/2 P: (Io+Ff]_o)F 

' o 1+ Fe ' 
where 

_ [( 1+ F2),p -(Io+ F110)2] 112 

Cf- 1+ F 2 

f = R~ +I; +--rz:, t8 '.:f (r.) =a Ro! ri 0 -Io F) . (21) 

As is seen from . (19), (18), F(~) changes from..zero at a 2 :o 
to r/2=cl{15TNC-i in the proportionate regime ( a1=a2 ). 

Substituting (20) into eq. (6) and averaging it, we obtain 

i; 

8.A1,2 = - !liNX12CV1,2 .A 1 aq_,sLn[':f(i!:)+ 2X12a f l/t<flzcli] 
0 i!'. n1,Z C 

2
' '!; ~ (22) 

where in the expressions a, <j- and l:f one should replace 

Ro,lo, rio by their mean values <Ro>,< Io>, <70>. Let us intro­

duce the notations 

t 
YJ=ct~![lf(cJ+~tJ, q= 2~12 a ~.A1fl2clt, S(r)= 0acy. 

< 0 

I 

We shall then obtain from (22), considering the proportionalitj 

condition ( a1 = a2 ) , a Rikkaty-type equation 

2 ~: +(LjJ 2+1)*+S('2)[lJl 2-j-(ljJ 2+1)cos1f(r)]=o (23) 

which has the partial solution 

tion for (23) has the form 

~ 
4J=ct~ T • The general ~olu-

12 

!i1El { [ · ':f(t!o)J-1 4J=ct9 2 + P(~) P(2a) tfl(2o)-ctfj -2- + (24) 

t 
1 s cl Cf . . -f 

+ 2 L:t.t. + S (f-cos'f)] P(?!)d~} 
i!'.o 

where 
P(2)=exp{- f ct9 ~ [;: +S(1-cos~Jd~} 

The solution of (24) is, in fact, the generalized area 

theorem describing the interaction of USP with the two-photon­

absorbing (enhancing) medium that is arbitrarily exc~ted. 

4. Stationary Excitation 

In this secti~n we consider the case when the amplitudes 

of the resonance field Co1, C02 are independent of t (statio­

nary approximation). As is known, such a situation may occur 

when the duration of the exciting pulse is much more than the 

relaxation time 't, T [45]. Equations (4), (5), where 

give simple solutions 

i 4/f/z-tT ·11-1 
6 = t;""'fpT fJ.p [1 + L(v -n.p)T-1 

{ 1 + t; a [1+(~ -np)2r 2
] : tS:<25 > 

{ I 1
2. •2[ 2 2J-1}-1 ri='1P 1+4 'fp z-Tt-i 1+(v-np) T =~ 0 (26) 

As the estimates in [45] show, . for one-photon allowed transi­

tions and fairly large fields' (of the order of saturation 

field13) 

I SL.p TI « 1 (27) 

Substituting (25), (26), with account of (27), into the right-

13 



hand part of (3) and averaging both parts of equation over the 

segment equal to the wave length, we shall obtain an equation 

for the amplitudes .A011 .Roa and phases ':fo1 , '::f02 of the reso-

nance field 

a Y'o1,02 

ae. 

8.Ao1,02/a~ = + STN Ci!ad (2no cf< G11 2 > 

:: 9TNWo[(x:m-X~1)<Go>+ ~Td <G-1,2 > ] 
no c 2 .Ao1,02 

-1c 2+-211 .A-1 (J z' )] where G1, 2 =firi_p(2t:d) BtTd n .no1,oz+ 01,02C 2-4B -C !< 

(28) 

(29) 

x (c2-4a 2r 11
e, Go=flp(1+:lr2)(c 2-4a 2FVz, B=4-cT1i-2.Ro1.Ao2, 

C=1+v 2T2+4-z:Tlr2d 2
(fl;1 +.A;a). 

Equations (28), (29) differ from corresponding equations de­

rived by the authors of [47] for quantum generators only by 

the term proportional to ...,.mm x11 
'"'-'Q - 0 • It is easy to find from 

(25), (26) the initial values Ro 
1 
lo, 'l.o averaged over the 

wave length 

R0 =G1 (cos A%+ vTsLnL'ilf'o), (30) 

Io=G1 (sLn.14'0 - vTcos.D.%), (31) 

'1.o :;: G0 , 
(32) 

where 6%=L'il¥(t=O)(A'f'=<J?-lfo+OKl,8KzK1+K2 -K
0
), in accord with 

(7), (29), satisfies equation 

14 

/- " grN{ (.J:fa0,+.R1w2)/ . 
aLl.lJ.io;oi!"'OK+c X12 .A1 n1 .A 2 n2 ~~1>s~nillfl0 + 

(33) 

+ [(xmm _X 11) ~ +(xmm_x11) Uiz -(xmm_X11) cua]<G >} 
1 1 n1 2 2. na 0 . 0 no 0 • 

At the initial stage of transformation we shall obtain from 

(6) t (30) 

1 rTNX12(J)1,2 
o.R1,2;ail=- n1,2c .R2,1<G1>cosAlflo . (34) 

Consider the case, when the resonance excitation is·distribut-

ed uniformly along the medium: 

G1,2 =I= G1,a(r) , Go I' Go C=). 04*) 

Such a situation occurs, for example, in media of two types: 

1. Media with inverse population placed in the resonator and 

generating a resonance field. As is shown in [47], if reflec­

tion coefficients of mirrors approximate 100%, the distribu­

tion of the amplitudes flat and .Roz along the sample is 

close to the constant. 

2. Media placed in an electrostatic field. Let .A20 = 0 and 

the electrostatic field Eo vary along ~ according to the 

law . 
d (i!.=-0) 

. d = d1m + X20 Eo = ( 1- /G!':):Ve ' (35) 

where d1m and X20 Eo - are the intrinsic and induced dipole 
2 a-1 

moments of the 1 - m transitions, K =grNCi!of"[ph [ n0 ct'.Ro1(i:'=0)1 x 

x[C(i:=0)-1]/C (~=-0) • In this case, as it follows from (28) 

(where Co2 = 0), G1 J Go are constant along c . 
Taking into account that G1,2 , G0 are constant, it is not 

difficult to obtain the integral of motion of eqs. (33),(34) 

15 



o a2 
sLn !J. 4Jo = - t< G,> Ci-;- (36) 

where !' =-".., + 5TN[(xmm-:x11) w, +(xmm_X11) W2 -(xmm_X111~] u Cif.. c 1 1 n, 2 2 n2 o o / no 

Substituting (36) into (34) and integrating it, we shall obtain 

solutions for the initial stage of interaction 

1) at 181< a<G1> 
ct

2 
~ ~10 [1-%'2<G/f12{exp[t(r2<G/-o~~]-exp[-f(tz<G/-8)1'2z:] i 

(37i 

ct1 =~z0 +ai-; 

2) at /8 / > Q'<G,> 
(.!'2 2 Zf~ [ (,r-2 Z \Z)~ ] a2 =a,og<G,\o -0 (G,>; sLn 0,50<G1\u -0 <G,,; ~ , 

(38) 

( 
2 z) Vz a,::: a10+ az . 

From (37),(38) one may see that if the efficient wave detuning 

b is small 181 < 0 < G1 > the rise of the fields a 1, 2 is 

monotonic, whereas at /8/>t<G-1 > the fields a1,2 oscillate 

according to the sinusoidal law; a 2 has a maximum Ozmax = 

=a 10t<G1>(o2-0
2<G}iJ.?. At /8\< 0<G,> due to the unlimited 

rise of a 1,2 in (37), the conditions ( 10) will be sooner or 

later vlolated and the formula (37) will stop being valid. As 

is shown in [22] (for a similar problem), at a small enough Q 10 

even before the violation of the conditions (10), a propor­

tional regime of interaction ( 0 1 ::::: a 2 ) is set. In connection 

with this, beginning with some. point 2 0 , where ( 10) and (37) 

are still valid, we shall assume that ct1 = Cl2 • Taking into 

account (34*) it is not difficult to obtain from (24) the area 

theorem 

16 . 

'-! 1+Texp[D(~-~o)l 
LJl=ctl?2 1-:Sexp[.D(z-~o)] (39) 

where °$ =(IJJo-c~: )/'('l'o +ctg r ), lfi0 = IJl(~=O), ] =(~ 2<G1)2-o2)~2 

In accord with (39), the dependence of the fields .A1,2 of USP 

on the coordinates and time has the form 

z i! t - .A~2(i!=o)4ct9zf(1•1f'oz)eD(iH!o) 
.A1,e( ' )- (o/o+ct9 r f [ct92: (f + ~e!J(i!-ro)f+(1-~eD(~.-i!o~tl40) 

It is easy to notice that in the limit at .Rin,oz--0 (39) 

transforms into the known theorem of cotangents for two-photon 

absorption (TPA) of USP ~6]. From the area theorem (39) fol­

lows that the pulses with the area 

_q, 2x,2.Jl+f#4( R {2f':fl+29Tn (in noninverted medium 'lp>O ) 
v= ... /11 ~dt= 29T(n+1)-2('!) 

'
1 

0 Urn (in inverted medium '1,p<O ) 
(41) 

( n is the integer number) propagate in the medium withovt 

the change in energy, i.e. they are pulses of SIT. From fig.3 

one may see that the areas of SIT pulses 2/'fj+2fin('lp>O) 

and 29T(n+1).:2i'fl(rip<O) are stable unlike 25fn pulses. Fi­

gures 4 and 5, performed by the formula (40), illustrate the 

evolution of pulses in space and time. If the initial pulse 

area is small <1%<21'11 at'lp>0,~<291-2/!!'lat flp<O ), then, 

as is seen from fig. 4 (we shall have a similar picture at 

'l,p>O as well), the fields .A1,2 grow, the pulse area ap-

proximates 2/Y'l(flp>O) or 29T-2J'fi('lp<O) (see fig.3); the 

pulse is compressed and noticeably shifts forward (in other 
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words, it travels at a velocity surpassing !)" ) • If the ini­

.tial pulse area is close to 297 , then, as is seen from fig.5, 

the pulse divides into two subpulses. The first, as in the 

previous case, propagates faster than lJ' a.nd its area ap-

proximates 2 jlfl (at 'lp< 0 2HT -2 l':fl ). The second subpulse 

propagates slower than tr (shifts to the opposite side). If 

the initial pulse area 1'° < 2fi (see fig. 5c), the second sub­

pulse is attenuated. If ~ =2fi/ , the area of the second sub­

pulse tends to 2ri-.2IY'I (see fig.J.5a). At t'.'>0 > 2fi (but -&<25T-2l':l'~ 
the area of the second subpulse approximates 2fil (fig.J,5c). 

rhe duration of both subpulses decreases with the propagation, 

whereas their energies (of areas) practically do not change. 

Thus, there occurs an efficient compression of pulses. Note 

that in the case of 1J.; > 2fi the compression of the second sub­

pulse proceeds faster than at Vo=297 (see figs.5a,c). As is 

seen from (40)', in this case the increase in the · intensity and 

the decrease in the pulse duration with the distance takes 

place according to the exponential law. I,et us remind that in 

the absence of a resonance field at coherent propagation of 

USP in a TPA medium the compression of pulses with the distan­

ces proceeds (e.g. for rectangular input pulses) according to 

the square law [16 J. 
The results obtained from fig.5 and concerning the exis­

tence of "fast" and "slow" subpulses are confirmed when consi-

dering the possible stationary (automodel) solutions. Let us 

find such solutions. Let V be the group velocity of the 

stationary pulse, I,et us pass on to the coordinate system mov­

ing with the pulse (z'~-Vt-5, ~-~) , Assuming that .A1,2 

18 

as well as R,I, 'l are only S -dependent and making elemen-

tary computations from eqs. (6),(7),(15)-(17), we obtain 

2 [ <Ro>¥CY(E E )] 4<Ro?exp tr-V"' ~ -~ 0 
. (42) 

Jl1fl2 == (B~-4<Ro>2g2)Ve (1+exp2 c<:;!~tY(s-so)])-26,expC~!f<s~soJJ 

where 61,=29(<'1,o>-<lo>F) 1 g2 =-~2{1+F2) , ~=&12(1J-V),/tliV'IJ 

A.s is seen from (42), the distribution of fields in the statio-t 

nary pulse as well as its area {} depend substantially on 

the parameters <rio>, <Ro> and the ratio between & and V 
In table 1 the possible values of the area (of energy) of the 

stationary pulse are plotted. It is eas~· to see that, e.g. in 

the absorbing medium ( 'l,o > 0 ) the area of the "fast" sub­

pulse ( V > 1J ) is indeed set equal to 2 IY'I , and that of the 

"slow" subpUlse ( V< lJ' ) to '19-=251-2l'fl(in the enhancing medium 

'lo< 0 an opposite situation occurs), Note an important pP.­

culiarity of 2fY'I pulses. If the beam c..! the exciting field 

E0 is limited in the transverse cross section, then (see 

(21), (JO)) on moving away from the heam center lf.....,.. 0 • Then 

2IY'I , the pulse of SIT is also limited in the transverse 

cross section. In fig.6 the distribution of the field is pre­

sented in the 2/Y'I pulse from the transverse coordinate ~ 

and the time, when the exciting field Eo in the transverse 

cross sect·ion has a Gaussian profile. Let us remind that the 

pulseR of SIT obtained in 5,6 , at one- and twc-photon reso­

nances are the pulses of plane waves with infini~e transverse 

dimensions. Unlike the latter, the 2jY'j pulse may be reali~P-d 

19 



in practice and the SIT effect may be observed for it along 

the complete cross section of the pulse. It is seen from table 

1 that the 2/~I pulse of SIT may be both "fast" ( V >tr ) and 

"slow" ( V< 1" ). The simplest way to practically realize the 

"fast" 21 Y' I pulse of SIT is to supply a pulse of small area 

to the input of the absorbing medium ( 'lp > 0 ) • With propa­

gation its area will increase up to 2 llfl (see fig.3a). The 

slow" 2 / lfl- pulse of SIT is formed due to the 2g-j pulse 

separation in the .enhancing medium ( l"/.p < 0 ) (this process is 

similar to that of fig. 5). Generally the "slow" 21 Y'I pulse 

may exist isolated, if Ro> 0 in the medium with '1P < O (it 

corresponds to the unstable solution ( 33): ,6ljJ0 :: -.Azcsill [a2a;
1
ijo-<G1>j 

see (24),(39)). In the latter case the medium acts on the 

pulse as an absorbing one. 

In this section we consider the case when lf =const. 

It follows from the generalized theorem of areas (24), that if 

Y' varies along t:. 

value), the pulse area 

sufficiently slowly (about its mean 

1J' will have enough time to follow 

a~iabatically the variation of Y' • In that case all the 

above results obtained for 'f =const will remain valid. As 

i s seen from (24), the condition of adiabaticity has the form 

I d. ':J' ~I« S( 1-cos':P). 
, 

5.Account of Finiteness of Relaxation Time. 

Stability to Relaxation 

It is easy to make sure from fig.3 that the stability of 

2v 

I, ,.. 

21lfl(t1p>O) and 2gf-2/lf/('1p<O) pulses of SIT to external 

perturbations is laid in the very area theorem. Consider as 

such an external perturbation the medium relaxation and study 

its effect on the coherent propagation of USP, regarding Z-., 1::~1 

't11 T- 1 as small parameters. We shall seek for a solution of 

the set of equations (2)-(5) (in the approximation A.i..Cj=O 

in the form 

C -c'0
> C 6 6'0

> 6 1,2- 1,2+Ll 1,2, = +,1 ) 'l. =- ri.1°\ ti 'l. (43) 

C
(o) ,-!(o) (o) 

where 1,2' 0 'rz - are the solutions for elements of density 

matrix obtained above in the assumption 'l:'=T=c;>c>; .AC1,2, D.6, 
llll are the small corrections(lc.C1,2l«IC1'.~/,/ti.6!« 16(c)I, 

lll~l«lr(JI). Let us integrate both parts of eq.(6) and substi­

tute '/.. from (43) into the right hand part of the obtained 

expression, preserving o:::U.y the terms of the first order of 

smallness. We shall obtain an equation for the pulse area in 

the first approximation 

~~ =S[cos (lf-t-'13-) -cosif+SriJ (44) 

where 0'l. = ( llri> +Z--1 ~t (I{°>- 'lo) cit • The correction llrr_ is 
• 0 

easy to determine by substituting (43) into the right hand 

parts of (4),(5) 

t I t • { , 
t.ri_ = ~ \;t ~(0ht - 2t 12 ~.Adl2Re e•'l'(tJ[(Ro+i.Io)(L~t'-t'r-)+ 

. 0 0 (45) 

+ 2f 12 ~ .R 1 A2ri.(0>e-~1J1(t'/ [t~t' + Lv(t'-t''J]ctt"J dt' 

0 

Consider the obtained equation (44). As is shown in (44), the 
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area 19' is stable to the perturbations s~ related to re~ 

laxation. Small variations in Sri, lead only to small varia-

tions in 'l9- • The stability region of the pulse area in 8'1 
is limited by inequalities cos ':f- 1 < 8'1 < cos tf + 1. 
The solution for ~ from (44) will not differ much from t'Ji< 0~ 

. .A (0) 
and, correspondingly, .A1,2 will not differ much from 1,2 

(and, hence, (43) will be valid), if 

IB'l, I« I cos (iJ. + LJ)- cos lfl 
At~-= the set value of the pulse area 

(46) 

~ -{).\O)(~=cx:>)+l 
SET • 

+A'(} • One may see from (44) that the correction 

is defined by equatio~ 

0 '1 ( ~ = oo) = COS ( ':f + tJsET) - COS 'f (47) 

whence 

I I - 012 Cr=ex>J 
A '19, ~ s Ln 1J 

The principle possibility of the propagation of USP at large 

distances in th~ medium at the presence of relaxation consists 

in the following. Due to the parametric coupling between the 

resonance field and transformed fields of USP, there occurs an 

energy pumping from flo1,oa to .A1,2 and back. If orz >0 

(decrease in energy due to relaxation), the ~ulse area takes 

such a value that '19ser<2HTn+2j'1'1 (or '!Jser>"29T(n+1)-2/Y'j 

at llr < 0 ) • And if 07_ < 0 , vice versa, 'Oser > 29Tn + 2 I Y' l 
( or ~er<29T(n+1)-2JY'I at rfp<O ) will be set. In both cases 

't9seT is determined by the relation (47). In other words, the 

decrease or increase in the pulse energy due to relaxation 

will be compensated by the increase in energy respectively via 

mutu~l energy pumping between the transformed fields and reso-
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nance field. As a result, the formation of an isolated pulse, 

that propagates in the medium without changing its energy and 

is stable to relaxation, turns possible. 

The condition (46) will be undoubtedly fulfilled, if 

.t.m « I cos ( <f + ~ - cos tf J , (48) 

where Am ::: t't-1Cf I cos ( tf +1!'<0J)- cos ':f I+- 21J.<0Jt"Y- 1(1 +-T'C'-vj2 > / orz I. 
ThuG, the condition (48) is the condition of stability to rela­

xation at coherent propagation of USP. 

In conclusion of this section consider for comparison the 

case of "pure" two-photon absorption (enhancement), when the 

resonance field is lacking ( ':!:: 0 ) • Integrating both parts 

of (6) and substituting 'l(o) from (20) into the right hand 

part of the obtained expression, we have 

a1} = tll 0 (cos'l9i-1+-A) (49) 
8;! a 

t 
where t::.=1:'- 1 f (costr-f)cH <O • It is seen from (49), that 

0 

the presence of the nonzero correction A due to relaxation 

leads to the violation of the coherence of the USP propagation. 

In the absorbi~g medium ( 'lo>O ) the pulse completely damps 

in the end. In the enhancing medium ( 'l• < 0 ) an unlimited 

rise of the pulse area (energy) is observed. In other words, 

when the resonance field is lacking there occurs an instabili-

ty of the SIT pulses to relaxation. 

6. Stability to Transverse Inhomogeneity of Light Fields 

We shall now study the P-ff ect of diffraction on the cohe­

rent propagation of USP in t.he excited medium. In the process 
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of propagation of pulses their transverse distribution will 

vary due to the dependence of the efficient refraction index 

nacpip(CilJ) = Jt+49TNReXj ( 50) 

where X = _!_{x'1 +x +(x11-xmm1 }+x 6'C~,1el(1<,+K2}i! 
112 2 112 t,2 1,2 1,2 Jf[ 12 C1,2 depends on 

the coordinates of time and intensity (in the explicit form). 

It has been shown that at the coherent propagation of USP in 

one-photon [48] as well as two-photon [39] absorbing media 

there occurs an instability to the transverse inhomogeneity of 

light beams. The _nonstationary self-focusing develops in the 

process of propagation. In the end the diffraction results in 

the complete damping vf the pulse [23,48]. Let us shdw that 

when the medium is excited by the resonance field, the pulses 

of SIT are instable to the transverse inhomogeneity, and the 

propagation of USP without the change in energy_ to large dis­

tances is possible. The situation here is very similar to that 

considered in section 5. 

Equations (2) for the amplitudes A1,e and phases 

lf1,a will be written as 

o.fl1,2+ j_ ( 81f1,2 B.fl1,2 + l,R a2!f1.'l. + 8'1't.z aJ'.i1,i'f" iJI a 2Y'1.~)_ 
ai! Kt,2. ax _ax 2 t,2. axe 8~ 8~ , 2 t,Z a~2f(51) 

grNx12 Q1,2 .Az,1 R , 
=·- n1,2C 

a~t.2~ j_ [ i. ( a2.fl,,2+ a2.A1,~L!alf ;. )z - fa<:J. la ,\2] = 
ar: K,, 2 .A1,2 8x 2 a~z j \' 1,z.1ax ~· 1,2/' ~) ( 52) 

-f{ · -1 ( mm 11) > .A /. } =!lfNc 0\2n1,2X1,z-X1,2 <'I. +X12 2,1Ctlr,2;'.A1,2n1,z<I>. 

As in the preceding section, we shall search for a solution 
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for the set of equations (51),(52) in the form 

C1,2 ~ C~ 2 + 4C1,2 (53) 

where 
n 

C1,e is the solution of (51),(52) in the plane wave .ap-

proximation (at C:=T= = ), AC1,2 is the small addition; 

jtlC1,2/« / C172 / • Let us integrate eq. (2) using (53) anci we 

shall obtain 

~f =s[cos(,J'+tf)- cos'f-.V] 

where 
-t 

1 f (Blft 
:JJ=sK 1 ~ ax 

0 

atJ;, +:a. a2'f,+ <:N1 aiJr. +:o.. a2 ':f1)dt 
ax vr, ax2 a';f a~ Uti a~z ' 

'l9n = t?>(.A1,2 -- .AZ2J. 

( 54) 

(55) 

Consider the obtained eq. (54). The solution for {fi from (54j 

will not differ much from t9n (respectively, f11,2 will not 

differ much from ..A 1~a ) , if 

1.v l « I cos c 19- + lf) - cos ':I'! (56 ) 

At 2: - = t he set pulse area 6ser - (}n (~ :oo) +A fJ>, 

where, as it is seen from (54), l'.JseT is def ined by the equa­

lity 

.;/) ( i: = 00 }==COS ( if-ycm + 'f )- COS tf · ( 57) 

whence IA~l::::;j.:lJ(r:= 00)/sLn,':fj • The physical condition (57) im­

plies that the change in the pulse energy connected with dif­

fraction is compensated by the mutual pumping of energy bet­

ween the fields ..fl 1,2. of USP and resonance field. Let us esti­

mate the diffraction term :l> substituting the solution for 

the plane wave into the right hand part of (55). It has been 
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shown in the preceding section that if the exciting field is 

limited in the transverse cross section, the pulses of SIT are 

also limited in the transverse cross section (see fig.6); 

their area is 1JsEr=2/'1j. Since the light pulse is always li­

mited in cross section, the problem on the stability of 

pulses of SIT is of the most practical interest. Thus, esti­

mating (l) , we shall make use of the distribution of fields 

(40) for 2/'f/ pulses. Let us assume that 

i«Ro>I, /<Io>I « 1 ( 58) 

Then /i~'f/«1 (see (21)) and, as is seen from (20), R,l, 'L 
change slightly in t round their initial values R0 ,Io, 7,o. 
If we reject the small term in the right hand part of (52) 

that is proportional to < I> and neglect the weak dependence 

of ri. on t , equation for tj1 ( 52) will become similar to 

that for the phase of the wave propagation in the medium, 

where the refraction index is distributed according to the law 

nscp<p:::: n. (x, ~)= (! +251N Re [x~1 +x~m+ ( .x;'-x~)t"/o (X, ~)])112 ( 59) 

Let us find the solution for B'f1/ac, using the approximation 

of geometrical optics ( K 1 - "'° ) • In this case the change of 

the field phase is determined by the eikonal equation [50] 

( ~s)2 = n~ (x,~, r) (60) 

This equation may also be deduced directly from the Maxwell 

equations with a refraction index (50). In (60) the eikonal if 

S =Cuf1(1f+ K~) • The eikonal equation is similar to the 

r ay equation [50] 
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d ( cl~ -ds no ds ~ = vno ( 61) 

where "t is the radius-vector of the point on the ray, S 

is the distance measured along the ray. The reJation between 

1;" and S is given by nodijds=~S. Equation (61) has been 

investigated in (51] in the case when n = n('l.) • Assuming 

that while entering the medium the ray is directed along the 

Z-axis, let us write the sought expression (omitting interme­

diate calculations) 

l
(J'f 1-~ no(!-) J _ CU no("l) ( l)YZ ai - c no('Zo) n;(i)-n~(zo) - c no(<•) csrN/x'~.xmm/[qCi)-q(t.)}, ( 62) 

where 'l == 'l.o at c = 0 • If X tt_Xmm is close to zero (or 7, 
. -1 

is large, see fig.6), one cannot neglect the summand(2K,A1)L\~fl1 

in eq. (52) as compared to the term proportional to x 11 -Xmm. 

In this case the application of equations of geometrical op­

tics is not consistent. The e stimates obtained using typical 

)arameters of laser pulses and e;aseous media, show that (at 

jx 11 -xmmj - 10-24 cm3) the main contribution into the change 

of '11 in 't in ( 52) is made by the term proportional to 

11 rnm A / A · X -X , and one may neglect the summand A.L 1 2K 1 1 practi-

cally on the complete transverse cross section of the pulse 

('"l< J). 

Utilizing the above solution (39), vie find 

l.j lj 
·a~ _ Xo(ctg2)/ai +2ctft2\X/(X 2 -1) 
a'"l - 1+ct~zfxz 

(63) 
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where W =(4a+a-;-1{ct+Caa_/ai + 2a-a:o/az]-a -!';;+}, 

a-t=--lf'a+ct~<f/2; a_=ip0 -ct~~; X=[a.++ct_exp(JJ~)Jj[a.-a_exp(.Dr)]. 

Substituting the obtained expressions (62) and (6J) into (55), 

one may easily estimate 

1£> I< .Vm=s-1 JNlx11 -.xmmv29T "'~ 1U /a':fa-i I +2hrV) (64) 

where is the characteristic radius of the beam of the 

exciting resonance field (taking into account that 

). If we assume that the diffraction factor weakly 

affects the pulse pro~agation, when its area is smal.l * ( ) I 

then to fulfil the stability conditions (56),(57) of the plane 

wave approximation it would be sufficient to require that 

JJm « 1- COS';J' (65) 

It is most interesting to find out, when the pulse inhomogene­

ous in the transverse cross section (in the form shown in fig. 

6), will propagate for large distances without changing its 

form. Let us carry out numerical estimations. Let the reso-

nance exciting field propagate in a medi.um with the induced 

dipole moment (the constant electric field changes according 

to the law (35)). Let us assume the transvers~ distribution of 

the intensity in the beam of the field ,A01 to be Gaussian. 

At 2h- 1Jfld.Aoi("l=0)=1 we shall obtain from (J0)-(32) 

* r. -It is shown in refs. ~9,52j that at two-photon absorption 
the influence of the diffraction on the USP propagation, 
where the pulse area is small, is weak, and in the SIT 
2$1 - pulse generation region it is essential. 
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<Ro>= -2 (Ti--if2 e-9T"~1+ e -sr~J; <qo>=( 1 + e-9T'l.J- 1
; 

<lo> =o 
(66) 

(for simplicity we assume S=0,~('))=0(-\l) ). At 'C" - 10-7sec, 

T ~ 10-9sec (the times characteristic for gaseous media), ~e 

obtain from (64),(65) 

(iatt JN /x 11 -xmmv2ii '(sr-i+4)eh (STz/2) « o,1 (67) 

From (67) as well as from (64) one may see that far enough 

from the beam axis, where "(, is not small, the conditions 

(67) as well as (64) will be violated. The physical essence of 

this fact is the following. The resonance field is small far 

from the axis. It already can not compensate the diffraction 

so, that the distribution of fields remain close to (42). Thus 

inequalitied (67),(64) determine the region round the axis of 

the beam of radius ~n , where the pulse envelope will be 

close to (42) (obtained for the plane wave). Beyond the limits 

of this region ( 't> ~n) will, apparently, also be establishec 

the stationary field distribution satisfying the condition of 

the type (57), which may considerably differ from (42). If we 

take the typical parameters "lo = 3 mm, x -22 3 12_ ,.._, 10 cm , 

1x 11_.xmmj-10-22 cmJ, t ~ 5 cm-1 , then '1.nz.J2. That is, 

the established field distribution, considering diffraction, 

will be close to (42) practically for the complete pulse, ex­

cluding the lateral "tailsu, where the intensity is hundred 

times less than at the maximum. 

In a similar way, as is done in sections 5 and 6, it is, 

apparently, possible to prove the stability of SIT pulses to 
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the inhomogeneous line broadening. 

7. Description of Experiment 

Let us take as a resonance medium the vapor of Cs; the 

operation levels are 625~ -92
] 3;; The frequency of the transi-

tion CUm1 = 28818.90 cm-1 coincides with the doubled freq-

uency of the ruby laser, if the ruby sample is frozen tor~ 

"'='148° K. Thus, the second harmonic of the ruby laser may be 

used as the resonance exciting field. The layout of the experi­

mental setup is given in fig.7. As a pulse triggering source 

both picosecond solid state lasers (and parametr; ,. light gene-
' . 

rators constructed on their basis) and lasers on crystals may 

be used. In order to increase the polarizability c · two-photon 

transition, the frequency CU1 of the triggering field 

may be chosen close to that of the intermediate transition 

6 2Sy
2 

- 62 P3; 2 (or 62 P3; 2 -9
2D3;

2
). The phase synchronism in the 

system is provi.ded by introducing buffer gas in the cell with 

the vapor of Cs [5J J . The cell with cesium vapor is placed in 

the electric field; the induced dipole moment is d= Xeo eo""' 
R> 1 o-21 CGSE ( x

20 
~ 10-23 cm3, €0 ~ 100 kV I cm). The pola­

rizabili ty of TPA .is X 12 "" 10-22 cmJ at frequencies w1 ~ 
z17000 cm-1 , CLJ2 ::::;;11819 cm-1• Relaxation times are ~-

-7 T -8 . . 016 -J -10 sec, - 1 O sec; the density of vapor is N=1 cm , 

K<::0.06 cm-1 , .D::::.1.6 cm:.. 1 , 0 ::::. 5.4 cm-1• At the power of 

the exciting resonance field O.J1 MW/cm2 (.A;1(r=O) Z625 CGSE) 

Y'~ -o.25gr • Let a triggering pulse be supplied to the cell 

input at the frequency W1 of the power 155 kW/cm2 ( .A~o ~ 
"" JOO CGSE) and dura tion 't'n*'30 psec. In tha t ca s e , on the 

JC 

length "'=' 3.3 cm a proportional field pulse is generated at 

frequencies 

mates 21Y'I ( 
W1 , CJ2 • The area of such a pulse riJ. approxi-

1"'~ o . 95 2 jlfl) on the length ~ 5.3 cm, i.e. 

an interaction regime is established close to SIT. With the 

f urther propagation the pulse compresses: on the length 13.3 

cm the pulse duration diminishes by a factor of 5. The esti­

mates show that noticeable variations in the pulse energy and 

duration occur on the lengths, where the resonance field va­

ries slightly. In that case the constant along Z electrosta­

tic field eo may be used. In order to fulfil the condition 

lf = const on large lengths the Bo should increase in i!' 

in accordance with (35) ( K,,, 0.06 cm-1 ). In order to compen-

sate the decrease in the resonance field .flo1 from 2: , one 

may also make use of the focusing of the ruby laser radiation 

into the cell (at a constant eo ). The estimates show that for 

the pulse with the Gaussian dis tribution of intensity in trans .. 

verse cross section and characteristic radius ~0 ~ 3 mm 

( Ix 11-.:x!""I ~ 1 o-22 cmJ, the other parameters are presented above 

i n this section), t he condition of stability to the transverse 

i nhomogeneity of light beams (65) is fulfilled practically JWr 

the complete pulse, excluding the regions far from the beam 

axis ( 7. ~ 3 ) , where the intensity if' four orders lower 

than in the maximum (see (4d)). One may easily see that (at 

't ..-. 1 o-7 sec, T ~ 1 o-8::iec, t'n ~ JO ps_ec) in tn.1. s vr;, "Y re'$ior. 

( '(,~ JJ') is fulfilled the condition of st'l.bil~.ty (48) of 

pulses of SIT to the medium relax~tion. 
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8. Conclusion 

In the present paper we have studied the resonance inter­

action of ultrashort pulses of light in the medium with two­

photon transitions in the presence of an exciting field with a 

frequency resonant to that of transition. 

1. The area {energy) of the pulse of self-induced transparency 

in such systems is shown to be &= 29Tn+2 IY'I ( f1 = O, 1,2, ••• ), 

where lJ is determined by the polarization and difference in 

populations, induced in the medium with an exciting field~ 

2. In the process of propagation in the medium the 2$1 pulse 

divides into two subpulses: the first ("fast") trave;Ls at a 

group velocity V > t1'"" c/n and has an area equal to 21 'ii , and 
c 

the second {"slow") has the group velocity v~ lr"'n and area 

2!iT- 21':¥1. In the general case the 2jlf1 pulse divides into 

n + 1 subpulses, whose duration decreases and the strength 

increases with the distance • 

. 3. The compression rate of such subpulses, determined by the 

dependence of the pulse duration and maximum intensity on the 

distance, is in the considered interaction higher than that of 

analogous subpulses at TPA in the absence of the resonance 

field (for example; for rectangular input pulses, in the first 

case the subpulses compress with the distance according to the 

exponential law, whereas in the second case, according to the 

square· law). 

4. It is shown that in the presence of the exciting field the 

pulses of SIT may be stable to the medilLll relaxation and trans­

verse inhomogeneity of light fields. The stability regions are 
f_ound._ 
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5. It has been found out that the 2J~I pulses of SIT may be geJ 

nerated from the small triggering field, independent of the 

phase modulation of triggering field. The energy of the 21~1 

pul~~ may be continuously varied with the variation of the ex­

citing field. The aperture of the 2/~I pulse is limited ·at 

the limited aperture of the exciting field. With propagation 

the 21~1 pulse compresses. The 2l~lpulses of SIT {in the 

form {42)) are shown to be stable to the relaxation and trans­

verse inhomogeneity of light fields for the typical radiation 

characteristics and medium parameters. 

Thus, the considered interaction may be used for the comp~ 

ression of ultrashort pulses as well as to observe the SIT at 

two-photon absorption (and related coherent phenomena) from 

pulses with small power and phase modulation, for which. in 

the ordinary case of TPA, no coherent phenomena are observed. 

The author is greatly indebted to V.S.Butylkin for valu-

able discussions. 
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Dependence of the pulse area {} on the distance cal­

culated by the formula (.39): a) in noninverted medium 
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input into the medium is lacking. In calculation the 

following parameters have been used: ~ = O.J6ST 

'l:-T, cl = 3 10-21 CGSE, .x12 ~10-24 cm3, xmm_X 11 ~ 
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0,5 MW/cm2 at the pulse duration 'Z:'n~ 30 psec, 
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Fig.6 

Fig.7 
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Distribution of the fields a. 1, 2 in the 2/':PI pulse in 

the transverse coordinate "l and the time (X=j'1J-(~-s.Y 

/(rt-V) ), when the exciting field beam has the 

Gaussian distribution of intensity in the transverse 
m gpz. 2 2 

cross sP~~ion ( E0 =E0 exp(--y-) ). 
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Proposed layout of the experimental setup. 
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