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The noise emission spectra of extended media in the presence of a strong monochromatic field are
considered by taking into account the variation of the field in the medium. The noise sources consist
of thermal and spontaneous fluctuations of the medium and also of thermal fluctuations of the enter-
ing radiation. The fine structure of the spectral lines is determined. Analytic and numerical results
are obtained for the noise radiation spectra. It is shown that in the case of an active medium with in-
homogeneous line broadening the strong field saturates part of the transition line and produces a dip
in the spectrum. A narrow peak is located at the center of the dip. The relative depth of the dip ap-
proaches unity with increase of the medium length whereas the peak height increases insignificantly.
The dependence of the spectral line shape on relations between the relaxation constants and the in-
homogeneous magnitude of strong field is investigated for media with transition line broadening. The
effect of extension of the medium on spectral line shape is considered and it is shown that in contrast
to a medium with inhomogeneous broadening, the strong field saturates the whole transition line of the
active medium. Noise emission from absorbing media in thermal equilibrium with the ambient medium
is considered. It is shown that the spectral line width is determined by the strong field. The length of
a passive medium for which noise emission is a maximum is estimated.

WHEN a strong field propagates in a medium, non-
linear effects are produced and influence both the propa-
gation of the strong field itself and the shape of the
spectral line of the noise emitted by the medium. The
propagation of strong electromagnetic radiation in ac-
tive media has been the subject of a number of
papers'*™, Some of them deal with the influence of

the strong field on the noise emission. However, these
papers consider in the main only the power. and width of
the emission spectrum. Rautian'®) derived expressions
for the spectra of the spontaneous emission of a medium
in the presence of a strong monochromatic field. These
expressions are valid only for a sufficiently short med-
ium, when the variation of the field over the length of
the medium can be neglected.

We consider here the spectra of noise emission of
extended media in the presence of a strong monochrom-
atic field, with allowance for the variation of the field in
the medium. The analysis is valid both for active
(amplifying) media and for passive (absorbing) ones.
Rautian’s results'® follow from the present paper as a
particular case.

1. FUNDAMENTAL EQUATIONS

We start with a closed system of equations for the
field and for the density matrix of the atoms of the
medium. We write the field equation in the form

iz—é—’-’r- 7T o8 E=—-4n oz
at* ot 9 at?
Here o is the conductivity of the medium, # is the pro-
jection of the polarization vector on the field direction,
&(T) is the thermal field, and x is the coordinate along
the propagation direction of the strong monochromatic
field. In accordance with the Callen- Welton theorem we
have
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where 1, = [exp(fiw/kT,) — 1] is the average number of
photons in the equilibrium state, and T, is the tem-
perature of the medium.

We specify the boundary conditions in the form

&(t,0)=Escos oot + &5 - (1.3)

Here E, cos wet is the monochromatic field incident on
the investigated medium and & T) is the thermal field
at the input, averaged over the cross section S of the
investigated medium. The spectral power density of
this field is'®

(1.4)
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where 12 = [exp(fiw/kTz) — 1] and T is the ambient
temperature. We assume henceforth n; = nz = n

Owing to the presence of a strong monochromatic
field, we can separate in the equations for the density
matrix elements one optical transition that is resonant
with this field. The upper and lower levels correspond-
ing to these transitions will be designated a and b.

Instead of the diagonal density-matrix elements we
introduce their sum and difference, R = p, + p}, and
D=py— pp The equations for pg,y, D, and R take the
form

[P 0Pab . — idakll
——m—+v o + ((0a + Yas) par = — 7 D, (1.5)
aD 8D 2i
__at-lf-v—ar +’y(D-—D(°))=—-—h-(dbupab—Pbadub)Ey
aR 8R
v+ y(R—R™)=0.
ot v dr VR—-R)=0

Here dab is the matrix element of the dipole-moment
vector, y = v, = vy, is the width of the levels a and b,
and y,}, is the width of the luminescence line.

We specify the field & and the polarization vector #
in (1.1) in the form of traveling waves with slowly vary-
ing complex amplitudes:
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= o[ Ee @2 +c.c.], P =1fs[Pe-ei-m +¢.c.]. (1.6)

Oraevskii '**) has shown that the higher harmonics of
the polarization and of the population difference can be
neglected subject to the following limitation on the field
amplitude E:

a=|ds|*/ 3ﬁ‘yyub.

Obviously, this condition is always satisfied at real
field values.

We note that by expressing the field in the form (1.6)
we neglect the influence of the noise-emission flux
propagating in the opposite direction. This can be done
if the noise field is weak, when

al{SE*) «1;

aE* € ©0* / YYar,

(1.7)

Since the noise field can increase with increasing
length of the medium, the condition (1.7) imposes a
limitation on the length of the medium.

The complex amplitude of the polarization vector P
is connected with the off-diagonal elements of the den-
sity matrix by the relation

2ndy,
T

P= jP., dv = j j‘ Pap€’ o5 dt dv., (1.8)
Substituting (1.6) and (1.8) in (1.1) and (1.5) we obtain
the following system of truncated equations for the com-
plex amplitudes of the field and the polarization

oF oE

——+ e + 2n0k = 2niwP + tu)oE‘“ (1.9)
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aP, aP —i(u—kav)"'vnblpv:_Ls;ITn‘DEf(1'10)
oD 0D i . -
oAVt (D= D) = (PCE — P
m tv y(D—-D)= nh( JE —PE").

Here pu = wo— Wap
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Obviously, (E(T)2), o = (&(T2) /s, where @ = w — w,

and K is the projection of the wave vector K = k — ko, on
the x axis.
The boundary conditions for (1.9) are

E(t,0)=E,+E,",
where, in accord with (1.4),

8nhwo (_, 1
cS (n+—2—)
We represent the functions E, P, P, and D in the
form of sums of the mean values and of the fluctuating

components in the following manner:
E = (E + 8E,
= (P, + iP; + 0P, + i6P)) %,
= (Py+ 8Py, + idPy,) €%,
D=D+8D.
Here E and ¢ are the mean values of the real amplitude
and phase. Neglecting the influence of the fluctuations

on the mean values, we obtain from (1.9) and (1.10) the
following equations for the mean values

'(Eo(r)z)n -

— idEy) e,

(1.11)
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dp, _ ildgl?n
v—=+ (o = i~ k) ) Po = — —2

DE,
dz

(1.12)
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vty (D= D) =5 (P ~ P.).

The equations for the fluctuating parts are
()

a 21wy
(——+c——+2n0)5E,zi——P26E“"‘—2mobplz+(ﬂoEn H
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(1.13)
du
(Tﬁv +'yu,,)6P,.,—(p. Kov) 6Py — — — ”'"(55E,+Ew),
Ay
(a +vi+yu,,)opz,,+(u kev) 6P, = — 121 pep,
at a 3k
(1.14)

( Zt +v 7 +y ) oD = —(EaP,., + P SE, + Pu,0E,).

Here Egl;) are determined from the relation E(T)
= —(EgTj + iEgT))e‘ia.

2. CALCULATION OF MEAN VALUES

In (1.12) we can neglect the derivatives with respect
to the coordinate if the field relaxation distance x.q] is
much larger than the average distance traversed by the
atom during the time of establishment of the polariza-
tion, i.e.,

U/ Yap € Zrel.

(2.1)

The condition (2.1) is usually well satisfied in solid and
gaseous amplifiers, since u/y 5y < 107 cm and xpq)
~ 1—-10 cm.
Solving (1.12) subject to the condition (2.1), we get
_ ildasln ED
TR s ik (2-2)
_ D' +(n—kw)?)
Yo' (1 +8)+(p—kov)* '

For immobile atoms we therefore obtain

5_ 8wd p—ive E __D
= Yo 1+g(t’ b= 1+¢g "’ (2.3)
g(1) = ya' / (n*+ ya?).

for moving atoms at Yab‘/I + £ < kou we have

t=aE

p—__&wd_ E (2.4)
4n VIFE
_ TWWa» _ IJ"
gw)= V2 ko oxp { z(k.,u)z}'

Here d = 47|d,},["nD%/ 3y 4.

Substituting the expressions for P in (1.11), we ob-
tain the mean values of the amplitude and of the phase.
It is convenient to write down the solution of (1.11) in
the form

E=G(Y) 9(8) =F(§) —F(&),

where 1 = (weg(p)d — 270)/ 2wo.

The form of the functions G(z) and F(z) depends on
the character of motion of the atoms. For immobile
atoms

=G (&) e™™, &, —aE?, (2.5)

—wg(n)d/bno

6@)=3[1-—=(1+gw) | . (2.6)

g( )d

In{z[ wog (p)d — 4no (1 + g(p)z) 1}

Fla)=— uf(uT)‘

ab
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For moving atoms at yab\/l + & <k

V1+z—-1 4oVl +z\*®
G(z2)= 1— , 2.7
@ (Vi+z+1)“( wog(p)d ) (2.7)
F(z) =0,
where
_ @og(p)d—4no _ o’g" () d*
wog(p)d+4no’ 276 (wog (u)d + 4mo)

The corresponding values for o = 0 were obtained by
Boikovalll,

3. CALCULATION OF THE POLARIZATION
FLUCTUATIONS

We represent the fluctuations of the populations and
of the population difference in the form of sums of
spontaneous parts, which do not depend on the field
fluctuations, and induced parts due to the field fluctua-
tions.

The equations for the induced parts of the fluctua-
tions coincide with (1.14). Since we are interested in
the noise emission along the field direction, i.e., at
k Il ko, it follows that K < ko. We can therefore dis-
regard the derivatives with respect to the coordinate in
(1.14) if the condition (2.1) is satisfied.

From (1.14) we can find the connection between the
spectral components of the polarization fluctuations

6 P},zv(ﬂ) and the spectral components of the field fluc-

tuations 6E1 20 It is convenient to write this connec-
tion in the form

6P ()= Y %y(Q,0)0E, 0, i=1,2. 3.1
)} (3.1)
For xij(Q, V) we obtain the expressions
(9, 7) = XoVab (=i + ) (va + 1) — y¥u'§
IR TR T A ' (3.2)
AoYa (=i + ) (va' + ps*) YYa'E
2; 91 = )
(@)= o A AR+
e (Q, 1) = XaloYab (—iQ +9) (Yas2 + po?) + YYasl (—iQ + yar)
T R () A(—iQ + Ya)
(3.3)
#aa (R, 0) = _TQ“;I:‘.,(Q, v).
Here
. . —iQ+y
A—(—lg"'?)( ZQ+'Yab)+Y‘Yub§+—:_mP«uy
%o = — [das|*nD® / 3fiyar, o= p — koV.

Thus, the interaction of the components of weak noise
fields with a strong field cause the polarizability of the
medium to become a tensor of second order. The equa-
tions for the cosine and sine components (6E,; and §E;)
of the noise field are in general interrelated.

The equations for the spontaneous parts of the fluc-
tuations are obtained from (1.14) by discarding the
terms containing 6E,; and 6E;. We solve these equations
by the same method as int*»**J. This method enables us
to express the space-time spectral density of the polar-
ization fluctuations (6P{)q, g in terms of the spatial
spectral density (OPﬁ,)K. Under the condition Pa, Pp
< 1 (seel ™) we obtain

—iQ+
(Bpxuz)n,x=2(6P1u2)xRe( IA Y),

Wl,m([,)=%;;jll,zn(z’)exp [—%{G(z -z')+ woj ui.z(Q)dz}]‘dz'.
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2 —iQ+y YYark
(45Pzn o.x=2 Pznz K -
Joux =200P)x Re[— e Ewmil

(GPIIJGPZv.)ﬂ,K =(5Pz.,z)va(_—iQ—41. (3'4)

A(—iQ + ya)
The values of (GPj Lv)K 2re given by the expression[?*]
)
2
(6Pu) x = (Pu) x = 190" oo ). (3.9)

It follows from (1.5) that at y, = vy, = v the average
value of the population sum is R=R‘?, i.e., (6P}, )k
does not depend on the field. ’

For a sufficiently short medium, when the field
amplitude E can be regarded as constant and equal to
E,, the system (1.13) can be solved in general form.
From the solution of this system we can obtain ex-
pressions for the spectral densities of the field fluctua-
tions (8E%),, (6E2)g, and (E,6E})q, and for the noise-
emission flux. The spectral density W (L) of the noise-
emission flux of a medium of length L is defined as the
difference between the noise fluxes at the input and at
the output. Without going through the intermediate step,
we present for this density the final expression:

Wa(L) = noo*c™' [ (8F*) spro, » — 4nux” (Q) (7 + /2) ] L.
Here
(6?2) o k= l/2[ (bplz)g, K + (5P22)n, K — 2Im (bpnspz.)n, x]

is the spectral density of the polarization fluctuations,
®(Q) = o (% (Q) + % (Q) + 31" (Q) — %" (Q)),
”i(Q) = 5 K(:(Q, V) dV,

%t}(g) =J' %{j(g, V) dv

is the imaginary part of the polarizability of the medium.
The quantity Wq(L) characterizes the total thermal

and spontaneous emission flux in a solid angle &4

= 7?%/8, where A is the wavelengtht®J,

4. NOISE EMISSION OF A GAS AMPLIFIER WITH
INHOMOGENEOUS LINE BROADENING

It follows from (2.4) and (3.3) that in the case of in-
homogeneous line broadening, when ygpV1 + § < kou
and g < kou, we have P; = 0 and k12(R) — k21(R) = 0.
Consequently, Egs. (1.13) are separable in this case and
can be solved. By solving these equations we obtain the
following expressions for the spectral densities of the
fluctuations:

(8E12(2))a=

Gl w

x

+ o [ x12(Q)de ]} [(8P22) ok — bt 1 (Q) (2 + Va) ]dz’} .

The noise-emission flux of a medium of length L is
represented as a sum of two terms:

Wg (L) = Wm (L) + Wzn (L)1
where

. hoe 1
W,,zg(L)=—£8%-(6E,,z(L))n— ‘;’ (ﬁ+—2—).

It follows from (4.1) that
4.2)
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®o* 2 1 _ 1 .
Lin == [ (0P 2) e — dinia(@) (4 ). (4-3)
An analysis of expressions (4.1) and (4.2) is in gen-
eral difficult. We therefore calculate first the spectral
density of the noise-emission flux at zero frequency.
1t follows from (3.2), (3.4), and (3.5) thatatQ =0

e U e R N
- ST (e )+ )

We assume henceforth that the variation of the field
in the medium as a result of the conductivity ¢ is much
less than the corresponding variation due to the imagin-
ary part of the polarizability, i.e., 0 < wo|k1|. This
condition is usually well satisfied. Neglecting o, we
obtain

1+¢&/2 3 _ 1 1 Ry .1 R 3
Wo(L) = hay =52 [(§—1)(n+?+—2—50-)+7ﬁgln-§].
(4.5)
‘The dependence of £ on L is determined here by form-
ula (2.7) at o = 0.
On the other hand, if |Q| > y,pVE, then

1 1 R
Wa(L)= hoo(exp (kg (n + Q) Ld} — 1) (ﬁ+7+?ﬁ), (4.6)

i.e., the noise-emission spectrum does not depend on
the field (see[ﬂ). This result is physically obvious,
since saturation of the working transition by the strong
field comes into play only at frequencies || < y abYt -

In the intermediate frequency region 0 < Q] < Yab‘/g_ s
it is difficult in general to obtain explicit expressions
for the noise-emission spectrum. We consider there-
fore a particular case of practical importance, when
y < v,p- This condition is satisfied, for example, for
a mixture of helium and neon at sufficiently high pres-
sures.

For the frequencies Q satisfying the condition YrYap
< |92| < kou, we have

(Do‘hg(l‘« + Q) d ‘Yabué vubzg —Q?
Lig=1Ix= — N
nic? { VITE @+ vt +aaye 1)
QL+ hya’+yaf) 7. 1y 1R
(€22 + yar’E) * + 4Q%4," ( 2 )+ 2 D“}'
From this we obtain at vyy oy < 0| K yap
_ § AL LRy 1R
Wa(L)—h(oo{(g—1)(n+ St i) o st (48)

.[1’1+§,.,—1 _V1+§,—1 +—11n
& 3 2

At |Q| > y,,vE, expression (4.7) leads to (4.6).
Comparing (4.8) with (4.6) and allowing for the de-
pendence of £ on L, we see that at u = O there is a rela-
tively broad dip of width on the order of y 5;V¢ at the
center of the emission line. The relative depth of this

dip, which we define as

(FI+E—1)(V1+E +1) }
(VT+eE+1)(T1+g—1) 7

1—Wql Viig, <ol <vab/Wn |YabVE <19 < ks

tends to unity in a long amplifier, when § > 1, &,, 1/&,,
and to (n + 1/2)/(n + 1/2 + R%2D°% in a short amplifier
at £ ~ £, > 1. The existence of such a dip is due to
saturation of the working-level population difference by
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the strong field; this saturation causes the polarizabil-
ity components «i . to saturate.

At the center of the dip, the spectrum has a fine
structure whose character depends on the length of the
amplifier and on the magnitude of the input signal. In a
short amplifier at £ ~ £, > 1, there is at the center
of the dip a narrow maximum of width of the order of
VyY 1, (compare (4.5) with (4.8)). The presence of this
maximum is due to the increase of the spontaneous fluc-
tuations (5 P3)q K at zero frequency with increasing
field. The relative height of the maximum, i.e., the
quantity

Wala—o[Wal e <iaj<vg, — 1

tends to vE,/2 in a strong field.

At large amplifier lengths, when & > 1, &, 1/£,,
the shape of the noise-emission spectrum at the line
center depends on the field at the input. In the case of
a strong input signal ({, > 1) there is at the line cen-
ter a peak whose relative height is of the order of
(1/2WEoIn(£/E,). In the case of a weak input signal
(£o < 1), a peak appears at the line center only when
the amplifier is very long and In(¢/£, > 1/£,. The
relative height of the peak is then

1 R")

R & _ 1

Yoo éomg—o/( Aot 1o
We note also that when the amplifier length is increased
the values of the spectral density Wn(L) at [Q]
> y,pVE increase much more rapidly than Wg (L) at
Q =0.

The noise-emission spectra for the case y = Yap -

were calculated with a computer. The results of the
calculations are shown in Fig. 1.

5. NOISE EMISSION OF ACTIVE MEDIUM WITH
HOMOGENEOUS LINE BROADENING

Obviously, formulas (4.2) and (4.3) are valid also for
a medium with homogeneous line broadening at u = 0.
The expressions for the quantities (6 P}), x and «{(€)
b
can be obtained in this case from formulas (3.2)—(3.5)
by putting in them v = 0. The result is

4 ' [+ V(I E) ]+ yyal[Q — yyu (1+E)]

4nx, (Q)=— ,
1+¢ Q*(y + ya)* +[Q* — yya (1 +E) ]
d Yab
by (Q) = — — & Y® .
T )= e (5.1)
dh R° Yo' [QF + y* (1 +E) ]
0P ) ag = o — : . (5.
(6P.7) 21 Dy Q% (y +ya)* Q2 — yya (1 —E) 12 (5-2)
LR ya?

OP) g = — — — ¥
P or = Doy T

As follows from (5.1) and (5.2), the spectra of kz(R)
and (6 Pz)Q K retain a Lorentz shape in a strong field.
The spectra of x1(2) and (5 Pi)Q,K acquire dips in fields
£ 2 v/v ap- In @ strong field, the width of the dip is of
the order of (yy p &)

We now derive expressions for the spectral densities
of the noise-emission flux components W (L) and
W,q(L). An expression for W, (L) can be obtained at
all frequencies:

Waa(L)= h;”O {(ﬁ+2i+—;_§_) [ (%) s@) _1]
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(5.3)

r =) )

In formula (5.3), the dependence of £ on L is determined
from (2.6). It follows from (4.3) that the maximum of
the spectral density W, (L) is reached at @ = 0. The
spectrum of W, (L) in a short amplifier has a width of
the order of y

For the component W (L), we can easily obtain an
expression at the frequency Q = 0:

WeonD)= 5 (£ -+ (5.4)
- §)(n+ ; +%)

+%:(§——§.,+lné-)}.

On the other hand, if Q| > Vyvapt, then Wo = Wo.

It follows from (5.3) and (5.4) that a dip exists in the
spectrum of W . In a strong field, the width of the dip
is of the order of (yyab'g’ )}/, and its relative depth tends
to unity.

The shape of the spectrum of WQ = W 29 de-

pends strongly on the ratio of the width of the dlp in the
spectrum of W o, to the width of the dip in the spectrum
of W, (~vap)- I ¥§ < yap, then the width of the dip
is much smaller than y,;, and the decrease of W
|2| — 0 is faster than the increase of W,. The spec-
trum of WQ therefore contains at the line center a dip
of width (wabi)”z, the depth of which in a strong field
tends to one-half. On the other hand, if y¢ > v ab’ then
the width of the dip is much larger than y 5, and the de-
crease of W1 as || — 0 is slower than the increase of
W2. Therefore the spectrum of WQ contains in this case
a central maximum at = 0, and two side maxima at the
frequencies Q & % (yygpt)"%. In a short medium, at
£o < 1, the heights of the side maxima are approxi-
mately half the height of the central maximum, and the
side maxima increase more slowly with increasing
length of the medium than the central maximum.

Figure 2 shows plots of the noise-emission spectrum
of an amplifier at y = y,y, for different values of the
input and output signals.

6. NOISE EMISSION OF ABSORBING MEDIUM UNDER
THE INFLUENCE OF A STRONG FIELD

The results obtained in Secs. 1—3 remain in force
also for an absorbing medium, i.e., when D < 0. We
confine ourselves to a medium in thermal equilibrium
with the ambient. In this case the condition T + 1/2
+ (1/2)R%/D° = 0 is satisfied, i.e., R/|D°/ =1 +2n.

Wo [hay (§-%y)

FIG. 1. Spectrum of the fluctu-
ations of an active medium with in-
homogeneously broadened transition
line at R%/D®= 3, kou/vap = 10,7y =
Yabs and £ = aE2 = 10. The curves
are marked with the values of § =
aE2.
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Wa /1 (%)

FIG. 2. Spectrum of the fluctu-
ations of an active medium with
homogeneously broadened transi-
tion line at R%/D° = 3, y = y,p, and
£ = 10.

J
2/t
FIG. 3. Spectrum of fluctuations of an absorbing medium with
inhomogeneous broadening (a) and with homogeneous broadening (b)
of the transition line ¥ = y,p, n+ %+ R%/2D° = 0, £ = 10; ko u/v3p =
10 in case (a).

We analyze first the expressions for the quantities
I1 . in the case of a gaseous medium with inhomogene-
ous line broadening at y = y,. After averaging over

the velocities at u = 0, we obtain

_ wo'fig(Q)d E E
l=——rs@uri-aor+s@r 61
othg(Q)d R VE 6.2)

2=

nc’ D° 2(y+ Q) (1+E)" !
where

B(Q) = {[1+ (Q/y+E)*][1+(Q/y —E)]}™

From the form of the obtained expressions for I ,(Q) it
follows that when £, > 1 the emission spectrum of the
short medium contains a central max1mum of width of
the order of y, the height of which is ~ ¢! /2 , and two
side maxima at the frequencies Q ~ +y Eo , the height
of which is ~£3%. At @ > 'yEoﬂ, the spectral density
of the noise emission decreases sharply. The reason
for this drop is that the strong f1e1d does not influence
the frequencies @ > y(1 + Eo) , and a medium in
thermal equilibrium with the ambient does not produce
additional radiation. For an active medium, the emis-
sion at these frequencies is different from zero.
Figure 3a shows the results of a numerical calcula-
tion of the noise-emission spectra of passive media at
£, = aEj = 10 for different values of the output field.
As seen from a comparison with the plots in Fig. 1, the
spectra of short amplifying and attenuating media are
similar in shape, but differ in width. The similarity in
the shapes of the spectra in the frequency region
Q < v £ is due to the action of the strong field,
which equalizes the populations of the working levels
in all cases. With increasing length of the medium at
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& ~ 1 the fine structure of the spectrum vanishes and
the line width becomes of the order of y.

The intensity of the noise emission of the passive
media depends on the length of the medium. It is low
for very short media, when £,— ¢£ < £, and for very
long media, when £ < 1. There exists an optimal
length at which the noise-emission intensity is maximal.
This optimal length can be estimated by considering the
dependence of the spectral density of the noise emission
at zero frequency on the length of the medium. It follows
from (4.5) that
hoo R _1+E2 &

2D 1 M

The maximum value of W, _ ¢ is attained under the con-
dition

Wn—o(L)= (6‘3)

B 3

If £ > 1, then Eq. (6.4) has an approximate solution
In(£0/€) = 1, i.e., E° = Ej/e (here and below, e is the
base of the natural logarithm). Substituting this value of
E” in (6.3), we obtain the value of W, _ o at the maxi-
mum:
Ao, R°

Womo = DT
Thus, the maximum value of the spectral density of the
noise emission at = 0 is determined by the input field.

We now consider the case of a medium with homo-
geneous line broadening. Since the quantities 11, ina
strong field are determined mainly by the polarization
fluctuations (6P} ) K, it follows that the emission of a
short passive medium has the same character as the
emission of a short active medium. Just as in the case
of an active medium, the emission spectrum contains
either a central maximum with two side maxima, if
vyt 2 Y ape OF 2 dip at the line center, if v£ << yguy,.
With increasing length of the medium, the fine structure
of the spectrum becomes smoothed out.

We determine the optimal length of the medium by
investigating the dependence of the spectral density of
the noise emission at = 0 on the length. From (5.3)
and (5.4) it follows that

Wn=o =

et (e g

DT 2 Taror /e

From this we get at £, > 1 that WQ=0 is maximal at

two field values: £ ~ £o/e and £ ~ 1. The first of these
maxima corresponds to the maximum of W,o = 0, and

the second to the maximum of W o = 0. The appearance

of the second maximum is connected with the fact that
in an absorbing medium with homogeneous line broaden-
ing we have kj(0) < 0 at £ = 0, i.e., a weak field is not
weakened in the presence of a strong field, but is
strengthened. In the first maximum we have

857
ho, R°
Womr=Ze T ™
and in the second
hwe R°
Waro = —~ &,
T

i.e., the two maxima are approximately equal in mag-
nitude. The noise-emission spectra of an absorbing
medium with homogeneous line broadening are shown
in Fig. 3b.

In conclusion let us discuss the conditions under
which the results are valid. The fine structure of the
spectrum is determined by the time-dependent param-
eters y and y,, and by the field aE°. In the model as-
sumed by us, the quantities y and y_, are assumed
constant. Actually they themselves can depend on the
field, and this can affect the character of the fine struc-
ture. In addition, in our model we do not take into ac-
count certain subtle effects, for example the recoil
effects following emission of a photon'**J and others.
These effects can lead to a hyperfine structure of the
spectra, which we have not considered. We note also
that to measure the noise-emission spectra it is neces-
sary to satisfy the condition that the number of photons
striking the detector during the measurement time 7
be much larger than unity. If the detector bandwidth is
Aw, this condition takes the form WqorAw/hw, X TAW
>1,ie., 1 > 1/aw.
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