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AND THEIR DEPENDENCE ON PRESSURE; DEPHASING 

DECELERATION AND ACCELERATION EFFECTS 

Yu. E. D'yakov 

A detailed mathematical description is developed for the dephasing time Tph 

as a function of pressure in different particle velocity correlation models. New 
polarization damping parameters (the dephasing decrement mph and angle <p) 
are introduced and their dependence on pressure is considered. The thresholds 
of the appearance of characteristic extrema (the Dicke dip, the peak of the 
function Tph' etc.) are calculated for different substances. A "spectron" method 
is suggested for measuring tl1e polarization damping spectrum using a single 
laser shot. 

1. The dependence of the spectral width ~w on a pressure p, which is due to the Doppler and collisional 
dephasing mechanisms) for son1e media can be represented as a monotonically increasing curve. For other 
media the value of ~w first decreases with increasing p (the Dicke narrowing), passes through a minin1um 
(the Dicke dip), and then increases (Fig. 1 a; see, e.g., [l, p. 18] and [2, p. 89]). In this case the estimate 
for Aw is determined from a certain level 1 - o above the spectrum base (Fig. 1 b) measured by methods of 
stationary spectroscopy; usually e :::::: 0.5 is taken. 
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Fig. 1 

In the nonstationary spectroscopy a process developing in time is observed, namely the damping of the 
intensity J(t) of molecular oscillations excited by a sufficiently short initial field pulse (Fig. 2). The rate 
of the drop of the curve J(t) characterizes the dephasing rate. This can be estimated quantitatively by 
introducing the dephasing time Tph corresponding to the e- 2m-fold (m > 0) J drop [3]. The question of Tph 

dependence on p was investigated in [3] (see also [4, 5]). 
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Unlike tl.w(p), the function Tph(p) can have different forms even for one and the same substance de­
pending on the chosen value of 1n (Fig. 3). Form< mo (mo is a substance parameter not dependent on 
pressure; see belov..r) the 1nagnitude of rph decreases monotonically with increasing p. Hence, in this case 
the dephasing is accelerated in the passage to higher pressures because less time is required to attain the 
level e- 2m. In the case m > m 0 we first have an interval of Tph growth (the dephasing deceleration interval 
0 < p < pi), and then the function Tph(P) passes through a maximum and subsequently decreases (the 
dephasing acceleration interval p >pi; see Fig. 3). 

P, Po 

Fig. 3 

This pattern is observed when two dephasing mechanisms are taken into account, namely the Doppler 
mechanism (dominating on deceleration intervals) and the collisional mechanism (dominating on acceleration 
intervals). 

2. To describe the damping of the intensity .:l(t) = .:T(O)h2 (t) of molecular oscillations the expression 

t 

h(t) =.-Lit), L(t) = ;, +k5 J(t-r)B,(r)dr ( 1) 

0 

was obtained [3-5]. 
The first term in (1) describes the collisional dephasing, and the other term describes the Doppler 

dephasing; Tc is the relaxation time relating to the variation of the radiation frequency during collisions; 
ko = wo/c is the wave number of molecular oscillations; B,(r) = (v,v,,r) = u;R(r/r,) is the particle 
velocity correlation function in the \Vave propagation direction z 1 o-; = kT/µ (k is Boltzmann's constant) T 
is temperature, and µ is the particle mass), R( T /r,) is the thermal velocity correlation coefficient; and the 
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corresponding correlation tin1e Tv is defined by the relation 

00 

r, = J R(r/r,)dr or 

0 

00 

j R(x)dx = 1. 
0 

Vol. 47, No. 2 

(2) 

Based on (l}, an explanation was for the first time given [3, 4] to the experimentally observed damping 
of molecular oscillations in gases according to a nonlinear exponential la.w, which for large and small t goes 
into a linear law: 

h(t ~ 0) =exp{-_!_ - ~v~t2 
}. 

T, 2 

(Vo= koav, 

00 

Yi= J xR(x)dx ). 
0 

In what follows we assume that 

1 - = /3p, 
T, 

( "I= f!.. = T, = const), 
a T, 

where a, /3 > 0. Expression (1) can be rewritten in the form 

where 

L(t) = y/-y + vJt' F(y)y- 2 = y/-y + (vo//3p)2 F(y), 

(y = t/r, = ,Bpt), 

y 

F(y) = j(y-x)R(x)dx, 
0 

1 
F(y) = 2y2 (y ~ 0), y - Yl (y ~ oo). 

If we now represent R(x) as an expansion 

00 

(Ro= 1, R1,;;; 0), 

this results in 

., oo RnYn 
F(y)=y-~(n+l)(n+2)' 

L(t) = apt + v~t 2 ~ ( ~( ) (f3pt)". ~ n+l n+2 
n=O 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

3. In the discussion of the results of [3] it was suggested that the case of small s for the function 
~w,(p) was a complete analog of the case of large m for Tph(P) so that reducing€ (i.e., measuring the 
width of only the apex of the spectrum) it is possible to produce the appearance of the Dicke dip for any 
medium. We shall show that this is not the case [6]. Denote by ~w, the width of the apex of the spectrum 

00 

G(w) = J h(t) cos wt dt (€ <t: l; see Fig. 1 b). It is clear that with decreasing€ the magnitude of ~w, also 

0 
decreases, and it can be estimated using the expansion 

1 IJ2 G 
G(w) ~ G(O) - -

2
w'[-IJ , [ . 

ww w:O 
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Setting w = (1/2)Llw, and G(w)/G(O) = 1- g here, we obtain 

"' "' 
(r') = j h(t)t' dt; j h(t) dt. 

0 0 

(9) 

In (9) only the parameter (r2
} unrelated tog may depend on p. Hence, p and g affect Llw, independently, 

i.e., the variation of e produces no effect on the appearance or disappearance of the Dicke dip. As is shown 
below, the threshold of the appearance of the Dicke dip for llw, turns out to be even higher than for the 
quantity Llw determined from the level g"" 0.5 (see Section 8). 

4. According to ( 1), the dephasing time Tph is determined by the relation 

L(rph) = m. (10) 

Using Eq. (5) we can represent Eq. (10) as 

Yh + v5rghF(y)y-2 = m (y = Tph/Tv = f3prph), (11) 

that is 

( 
Vo ) 2 

y/f + /3p F(y) = m. ( 12) 

It follows that 

y Jm-y/f 
Tph(Y) = vo F(y) ' ( ) _vo~(y) p y - . 

/3 m-JJh 
(13) 

As is implied by (13), for 0 < p < oo the magnitude of y varies within the limits 

0 < Y < Ymax, Ymax = ffi/. (14) 

By virtue of (8), we rewrite (11) in the form 

"' , , "°' Rn (/3 )" aprph + v;r;;h ~ (n + J)(n + 2) PTph = m. (15) 

According to (15), up to within the terms of the first order with respect to p (i.e., in the interval of 
low pressures) we have 

where 
-./2m 

To = --, 
Vo 

Tph(P) =To+ T~p, 

T~ = ~(M - 1), 
Vo 

M = mlR11 1 '= ..!2:.., 
3 mo 

3 
mo= r!R1I. 

To the curves of types 2 and 3 in Fig. 3 there corresponds Tl, > 0, or, according to (17), 

3 
r > mlR1I (or m > m0 , M > 1). 

In the opposite limiting case of high pressures we have, according to (8) and (12), 

Y ~ Y"' = /3pTph "" m, 
m 

Tph ~ - = mTc. 
"P 

5. We consider some special correlation models for thermal particle velocities. 

(16) 

(17) 

(18) 

(19) 

1) An analytical expression for Tph(P) applicable for all p can be obtained in the case /3 = 0 when only 
the collisional dephasing acts while the Doppler dephasing is negligibly small. In this case r, = oo, r = 0, 
mo = oo, M = Oi y = 01 

R(x) = 1, F(x) = (1/2)x2
, (20) 
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and Eq. (7) assumes the form 

whence 

apTph + (1/2)11Jr~h = m, 

"P ( Tph(P) = -0 
llij 

Vol. 4- 7, No. 2 

(21) 

Formula (21) agrees with the earlier asymptotic estimates (16) and (19). Curve 1 in Fig. 3 corresponds 
to (21). 

2) The explicit form of the function Tph(P) can also be found if we assume that [6] 

1 
R(x) = (1 +x/2)3' 

x2 

F(x) = 2+x' R 1 = -3/2. 

In this case M = m-y/2, mo= 2/-y, Ymax = 2M, and Eq. (12) takes the form 

J..y2 
y+ -- = m-y 

2+y (,. _ _:i_) 
- af3p2 

and is transformed into the quadratic equation 

from which we find 

that is 

(1 + ).)y2 + (2 - m·1)y- 2m-y = 0, 

_ m·;/2 - 1 J( m;/2 - 1 )2 2m-y 
y - 1 +). ± 1 +). + 1 +). > o, 

m-y/2-1 [ 
Tph(P) = (Jp(l + v'(;/a(Jp2) 1 ± 

1 + v"f, / a(Jp2 
] 

1+2m-y (m-y/2 - 1)2 > 0. 

(22) 

(23) 

(24) 

According to (24), for a purely Doppler dephasing (a= 0 and T, = oo) the function Tph(P) is mono­
tonically increasing: 

m(Jp [ Tph(P)a=O = 
2116 

1 + (25) 

(Fig. 3, curve 3), and for a purely collisional dephasing ((3 = 0 and r, = oo) it is monotonically decreasing: 

(26) 

as in model {20), but according to a different law (Fig. 3, curve l; cf. (21) and (26)). We find the "width" 
Po of the peak of Tph (see Fig. 3) by setting Tph =To = ~ /110 in (24). This results in 

2 ( 1 ) ~ Po= -(3 (M - l) = JM+ r.; r=• 
1 ro vlvl yaµ 

Yo= f3poro = 2(M - 1) = Ymax - 2. (27) 

To find the point on the curve Tph(P) \vhere Tph = Tph,max and p = P1 we can test function (24) for 
maximum. In the case under consideration one can apply a different technique because it is easy to find the 
inverse function 

M-l 
p(Tph) = --± 

Srrh 

2( 2 2) 
( 

l\lf - 1 ) 2 - Vo Tph - To 

Brph a{Jrgh 
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from (23). The two pressure values determined by formula (28) must obviously coincide at p =Pl· Therefore, 
equating the root in (28) to zero we obtain 

M+l 
1'ph,max(= ri) = --r,;;• 

Voy'Y 

M - 1 Vo M - 1 vo..fi 
Pl= M+l y'aiJ= M+I _(3 __ 

For the relative maximum formula (29) yields 

x= 1'ph,max/ro =~(JM+~), M = (x+ .j,.2 -1)2. 

3) The model 
F(x)= x-1 +e-•, R1 = -1 

(29) 

(30) 

(31) 

is frequently used in spectroscopic ~alculations (4, 7]. In [4} the conclusion was drawn that the experimental 
data obtained by the method of nonstationary (picosecond) active spectroscopy corresponded to model (31) 
best of all. 

4) The case 

R(x)=(l+x2)-t, F(x)=~ -1, R1=0, 
3 

R, = --
2 

(32) 

fundamentally differs from (22), (20), and (31) in that R depends not on x but on x 2 and R1 = 0 in expan­
sion (13), i.e., the above criterion (18) for the appearance of maximum on the curve Tph(P) is inapplicable 
here. Below this question is considered in more detail (Section 9). We note that model (32) agrees well with 
the experimental values of Tph for hydrogen (see [5, Figs. 5 and 4]). 

The substitution of (32) into (12) results in the equation 

Yh +.\(Jr+ y2 - 1) = m, .\ = (vo/f3p) 2
, y = (3prph, 

which is reduced to the quadratic equation 

whence 

(.\ 21 2 - l)u2 + 2(.\ + m)u - m(2.\ + m) = 0 

,. h _ 2_ [ ( .\ + m ) 2 + _m(~2.\_+_m~) .\ + m l 
P - "P >- 212 - 1 .\ 21 2 - 1 - .\21 2 - 1 

m..fi 2+ m1 
= 2vo 1 + m1 

1 [ .\+m 
= o:p 1 - ,\2"(2 ( 

.\+m )' _ m(2.\+m)] 
.\212 - 1 1 - .\21 2 

( .\1 > 1, p < ~), 

( .\1=1, p = ~), 

( .\1 < 1, p > ~) 

6. We consider some versions of the construction of the curve Tph(P) using the formulas in Section 4 
which determine the function rph(P) only in implicit form. 

1) Let the function R(x) and the parameters a, (3, v0, and m be given. We first find the function 
F(y) determined by integral (6). Then for an arbitrary value of y; belonging to interval (14) we determine 
Tph,i = Tph(Yi) and Pi= y;f(3rph,i by formula (13). The curve Tph(P) is constructed from the resulting points 
Tph, i and Pi. 

2) Let the initial conditions be the same. Again, setting the values of Yi we find p; from formula (13) 
and then determine r; = y;/ (3p;. 

3) The parameters 0: 1 ;3, and v0 are unknown, and the curve Tph(P) corresponding to the given value of 
m is constructed from experimental points and has a maximum Tph, max at Pl. 
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Thus, from To and m we find the first estimate Vo = J2ni/ro. After that, on choosing a certain 
model for the correlation coefficient R(x) and determining the corresponding function F(y), we construct 
the curves (13} 

y Jm-yfr 
Tph(Y) = Vo F(y) . (33) 

for different values of 'Y so that Tph, max coincides with the known experimental value. Here we essentially use 
the fact that the function Tph(P) possesses maximum, the value of this peak not depending on whether rph 

is regarded as a function of p or y. Let the coincidence be attained for some 'Y and y. This makes it possible 
to find estimates for the parameters a and /j: fj = y/(prph,max) and a= fjfr. Furthermore, we use these 
estimates to construct the curve Tph(P) by points according to the above versions 1 or 2. If the resulting 
curve Tph differs from the experimental curve, the calculation can be repeated for another model of R(x). 

We note that when constructing curves (33) one can use the estimate for I following from model (22) 
as a tentative result. Namely 1 on esti1nating the "contrast" x = Tph,max/To from the experimental curve we 
find 

(see (17) and (30)). 

a 

l(t) 
c 

Fig. 4 

2M 
1=­

m 

7. We introduce the dephasing decre1nent mph defined as the polarization damping coefficient for a 
fixed time T. According to ( 1), we have 

T 

mph= L(r) = !_ + k6 j(r- r')B,(r') dr'. 
T, 

(34) 

0 

The dependence of mph on pis found from the points of intersection of the curves L(r) with the vertical line 
CD; recall that the dependence of Tph on p was determined from the points of intersection of the same curves 
with the horizontal line AB (Fig. 4). The two functions Tph and mph depend on the same parameters (<>, 
{3 1 vo), that is, in the spectroscopic aspect they are equally informative. However, the function mph is more 
convenient for esti1nating these paran1eters because its form is known. Indeed, according to (34) and (7), we 
have 

oo R n 

mph(p)=uh+2mph oF(u)u- 2 =uh+2mph o"' ( ){ )' 
' 'L....n+ln+2 

n=O 

(35) 

( U = {3pT, (36) 
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Sometimes it is more convenient to write expression (35) in the form 

"" R n 
( 

-2 ~ nU 
nphP)=u+2noF(u)u =u+2noL..( l)( )' 

n=O n + n + 2 

(no= ')'mph, o), 

Vol. 41, No. 2 

(37) 

(38) 

using the normalized dephasing decrement nph(P) = ')'mph(p). In particular, for high and low pressures we 
have 

mph(P) =mph, o - (N' - l)u/'l'(p - O); uh= r/T,(p - oo), (39) 

where 

1 /6 
Tth = Vo v IRJY• (40) 

p 

Fig. 5 

The graph of the function mph(P) resembles that of Ll.w(p), namely the magnitude of mph either 
increases with increasing p or first decreases, passes through a minimum (analogous to the Dicke dip) and 
then increases (Fig. 5). However, it is important that, in contrast to Ll.w, the function mph(P) with a dip 
can be obtained for any substance by taking a sufficiently long delay r: 

T > Tth i that is 
6 

'l' > jR,j(vor)" 

Example. In the case of model (22) we have 

4N2 

nph(P) = u+-
2

-
+u 

( u = {Jpr, N = ~rvov"Y). 

The minimum of function ( 42) is at u1 = 2( N - 1), i.e., it corresponds to the pressure P1: 

2(N - 1) 
Pt= , 

{JT 

( 41) 

(42) 

(43) 

The "dip" width at the level nph,o is p0 = 2(N2 
- !)/{Jr= (N + l)p1. We note that, according to (42) 

and (43), for sufficiently larger, i.e., for N » I or (1/2)rvoy"Y » 1 or')'» (2/rvo) 2 , the pressure Pl 
corresponding to nph, min no longer depends on r: 

It is easy to show that for m » m0 the maximum of the dephasing time Tph also corresponds to the 
same pressure vo/ .j(ii]. 
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t 

We can also introduce the dephasing angle <p determining the slope of the line -t/T2 + vJr;7y1 with 
respect to the axis vot (Fig. 6 a): 

1 1(1 , ) Vo , , 
tan <p = ~ = - T. + v0r, = -

13 
(1 + p" /p;,,). 

l.1012 Vo c p 

With increasing p the angle r.p first decreases and then increases (Fig. 6 b) and assumes the minimum 
value · 

at pressure Pm "'Pl (see Figs. 1 a, 3, and 5). 
On the contrary, the time T2 = (<>p + v'f,//3p)- 1 = a-1 (p + p';,,/p)- 1 attains maximum at p = Pm' 

T2(Pm) = T.2,max = ..j'i /2vo (Fig. 6 b). For p - 0 and p - oo the time T2 tends to zero. However, the 
smaller p, the longer the time interval on which the polarization damping obeys the nonlinear exponential 
law, i.e., for small p the time T2 no longer has the meaning of the effective relaxation time. 

We note that <p and 'Pmin can be determined only for sufficiently large t > 1'v(P) (when L(t)"' t/T2 -
v5r;y1). Thus, the characteristic values 

m' = rv(Prn)votanr.pmin = 2/; 

restrict the "dead zone" (which is hatched in Fig. 6 a) whithin which no extrema appear in the dependence 
of Aw 1 Tphi mph• and r..p on p. It follows, for instance, that since the formation of the spectrum requires 
a damping m - l, for the appearance of the Dicke dip the condition m' < 1 or 1' > 2 must be fulfilled. 
Similarly, for the maximum of Tph it is necessary that m > m' or 1' > 2/m, and for the minimum of mph 
it is required that r > r' or ; > (rv0 )- 2 . These estimates agree well with the exact expressions f9r the 
thresholds of the appearance of extrema of the dephasing parameters (see below). 
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8. We now define the thresholds of the appearance of dips or peaks of the following parameters: 
.6.w~ for the integrated width of the noise spectrum of the spontaneous -polarization; 
~w~ for the integrated width of the spectrum of active polarization excited by a monochromatic field 

or a wide-band noise field; 
Aw, for the width of the spectrum apex at the level I - £,£«:I (see (9)); 
Tph for the dephasing time; 
mph for the dephasing decrement. 
The spectrum widths are determined by the expressions (see [5, p. 167], and (9)) 

where 
00 

T1 = J h(t)dt, 

0 

For h(t) we can write (see(!) and (8)) 

00 

T2 = J h2 (t) dt, 
0 

00 

(r2
) = 2_ j h(t)t' dt. 

T1 
0 

{ 
2 2 ~ ({3pt)" Rn } 

h(t)=exp -apt-v0 t ~(n+I)(n+ 2) . 

. (44) 

(45) 

Consider the interval of low pressures. Up to within the terms of the first order with respect to p we 
have 

h(t)"' exp{ -~vgt'} · ( 1 - apt - ~vJf3R1 t3p + ... ). (46) 

Substituting ( 46) into ( 45) and ( 44) we obtain for the interval oflow pressures the expressions 

Aw; = y'2; [ vo + ~ ( 1 + ~ Ri 1) ] 

[ 
2( J2 - 1) ( I 2./2 - 1 ) l Aw~ = 2,,fii vo + ap I+ -3 Rn v'2 

11' 2( 2-1) 

( 
3 2./2- 2 3 ) 

1 > IR1 I 2./2 - I "' IRil . 0.45 , 

Aw,= v'26[ Vo+ ;;,, (I+ ~Rn) l (I> l~1I 2), 

( 1 > l~1I ~)' (47) 

( 1 > l~1I v6
2
r2 ), 

(48) 

where ap = T,- 1 and 1 = /3/a = T,/r, (in the parentheses on the right the conditions for the appearance of 
the characteristic extrema are indicated). 

These results show that for ~w! the threshold of the appearance of the Dicke dip turns out to be 
even higher than for the integrated bands Aw; and Aw~ corresponding to approximately £ = 0.5. From 
formulas ( 47) and ( 48) it is also seen that in the nonstationary spectroscopy the threshold value of 1 can 
be arbitrarily decreased by choosing sufficiently large m and r. Thus, in principle, the peak of the function 
Tph(P) and the dip of the function nlph(P) can be observed in any substance. 

9. As was already noted in Section 5 (see formula (32) and its discussion) the case R(x) = R(x 2 ) 

requires a special consideration. It turns out that in this situation the curves ~w(p), Tph(PL and mph(P) 
have additional weak extrema in the interval of low pressures (see the dashed curves in Figs. 1, 4, and 5) [5]. 

We note that the dependence of the correlation coefficient on 1 2 and not on T is quite possible from 
the standpoint of the theory of random processes [8]. 1'Ioreover, we can assert that for every real random 
process the function R(r) must have a rounded ap~x, that is, there must be Ri == 0. 
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For R(x) = R(x2 ) we have (see (13) and (14)) 

00 

R(x) = L R,nx 2
", 

n:::O 

~ 00 2n 

F(x) = / (x - y)R(y) dy = x 2 ~ R2n (2n + ~)(2n + 2)' 

Vol. ~7, No. 2 

As an example, we consider the appearance of an additional extremum (maximum) of the dephasing 
decrement. Expression (35) is now written as 

oo R 2.s 

nph(u) = u + 2noF(u)u-
2 

= u + 2no ~ (2s + :)~25 + 2) · (49) 

We assume (in \vhat follo\vs this will be confirmed) that the desired maximum lies in the interval of 
small p. Keeping the terms of the order not higher than the second with respect to u = j3pr in formula ( 49) 
we obtain 

(50) 

whence follows 
3 u, = nolR2I' (51) 

or, on passing to mph and p, 

3 
mph, max = mph, O + JR J( )", 

2 fllOT -

It is natural to compare the pressure p 2 \.vith the pressure p 1 for which the functions mph(P) and nph(u) 

have a minimum analogous to the Dicke dip. However, in the general case neither the conditions for the 
appearance of the dip nor the value of p1 are known. Therefore we resort to the dephasing model (32). In 
this case ( 49) takes the closed form 

v'l + u 2 - 1 
nph(u)=u+2no 2 . 

u 
(52) 

If curve (52) has a minimum at u = u, and a positive derivative at u = 0 (see (50)), then it must 
intersect the initial level no at at least three poirits: 

u=O, u=u~<u1, u=uo>u1 (u1=p1/3r). 

Let us estimate the position of these points. Setting nph = no in (52) we obtain, after some transformations, 
the cubic equation v{l - v2

) = €, v = u/n0 , £ = 4/n6. It is equivalent to the equation w3 + pw + q = 0 
(w = v -2/3, p = -1/3, and q = 2/27-£) with the discriminant D = (p/3)3 + (q/2) 2 = 4£(£ -1/(4 x 27)). 

As is known, to the real roots of a cubic equation there corresponds D < 0. Consequently, in the case 
under consideration there n1ust be 

€ < 1/(4 x 27), (54) 

that is no > 12 v'3. 
Since 1 according to (54). the parameter£ can be assumed to be small (c ~I), the above equation for 

v yields v~ ~ t:) vo ~ 1- .fi >>vb, and 

u::::: no - 2 > u~. (55) 

We have sho-..vn that the n1axin1um of the function nph(u) corresponds to small values of u (the "width" 
of the maximum is u~ = 4/n0 « 1). This justifies the earlier estimates (51 ), which in the case of (52) Msume 
the form 

nph, max =no+ l/no, u, = 2/no. 
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However 1 this is a weak maximum: 

and it seems to be difficult to register it experimentally. 

Vol. 41, No. 2 

10. The main results of the presented theory - the description of the signal observed in the non­
stationary active spectroscopy and the dependence of the dephasing time on pressure - were confirmed 
experimentally in [4]. In this case in the installation (Fig. 7) use was made of short (picosecond) optical 
pulses at frequencies w1 and w2 = w1 +wo (where w0 is the frequency of molecular oscillations) with a delay T 

at the test frequency w,,. The output signal proportional to h(t) was observed at the anti-Stokes frequency 
Wa1 = w,1 + Wo. We shall call it channel 1 of the system. 

Fig. 7 
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It appears interesting to supplement the installation with channel 2, without any violation of the 
operation of channel 11 by transmitting one more test wave through the substance, namely continuous 
radiation at a second test frequency wp2 (Fig. 8). In this case a long output pulse with envelope proportional 
to h(t) will be formed at, for instance, the second anti-Stokes or Stokes frequency w = w,2 ± w0, whose form 
will repeat that of the pulse of damped 1nolecular oscillations. If this pulse is then transmitted through a 
lightguide filled with a dispersive medium (e.g., through an optical fiber), then, on passing a sufficiently 
long distance, the pulse undergoes Fourier's transformation and turns into a "spectron'' ·- a pulse whose 
envelope repeats the frequency spectrum of the primary pulse [3, 5]. 

As a result, it becomes possible to observe in a single installation the function h(t) in both the strobed 
form (in channel 1: h(I), T = T1, T2, ... ) and the "natural" form (the beginning of channel 2) together 
with the time-base of its spectrum (the end of channel 2). Consequently1 in such a system it is possible to 
measure simultaneously the dephasing time Tphi the decrem~nt mph and the spectrum width ~w 1 and to 
observe the spectrum itself at different pressures - all this on the basis of nonstationary spectroscopy [6]. 
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The latter possibility is related to one more specific property of the suggested channel 2, namely to measure 
the spectrum we need only use a single laser shot. 

In conclusion we note that channel 2 can also operate when channel 1 is partly switched off1 namely 
when the pulse generation at the first test frequency Wpt and the delay line r are switched off. 

The dispersion lengths ln = Tn /kn (kn = ank/&wn - 2 x 103 (fs)" /cm in the wave band A - 1 µm) 
correspond to a pulse with duration T, and the condition of the formation of an undistorted spectron 
on the length I can be written as 12 < I < /3. Estimating T as T2,max = T2(Pm) = ,j"i/2vo or as 

M + 1 M ,j'f 2mlRil . . 
Tph, max = -;;:; "'" r-;; = -

2 3 
we obtam m the case of gaseous hydrogen ("y = 64, Vo = 3 x 

voyi" lloy"Y Vo 
109 s-1 ) the values T '.:::< 1 ns, and 12 '.:::< 5 x 108 cm, 13 '.:::< 5 x 1014 cm. Hence, the effective length of the optical 
fiber must be of the order of I > 5 x 103 km. 
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