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Itis demonstrated theoretically for a number of cases that the sharpness of an interference pattern
of intersecting light beams with identical space-time structures may vary with the quantum state
of the electromagnetic field. The interference pattern becomes smeared if the two interfering
beams belong to orthogonal quantum states, i.e., if they consist of “unlike’” photons. The smear-
ing considered is not due to the randomness of the initial phases as in the case of incoherent

sources.

PACS numbers: 42.10.Jd, 42.50. + q, 42.60.He

1. Communications that describe the results of optical-
interference experiments wherein the quantum properties of
the light might manifest themselves are published from time
to time. Many papers were devoted to the investigation of the
dependence of the sharpness of an interference pattern on
the intensity of the light.® In particular, the interference
pattern was investigated under the condition that one pho-
ton is present in the region where the components of the split
beam overlap.>* The results of Ref. 3 did not agree with
those of Ref. 4. In Refs. 5 and 6 measurements of the correla-
tion of the photocounts were used to investigate the interfer-
ence pattern of two laser beams. No dependence of the
sharpness of the interference pattern on the light intensity
was observed there.

In the present paper, a standard quantum-mechanical
formalism is used to calculate the probabilities of photode-
tection at various points of the region of overlap of two light
beams propagating at an angle to each other. In this case one
and the same space-time structure of the beam can corre-
spond to different quantum states of the field. In the experi-
ment these can be, for example, the following light sources:
1) a laser whose beam is split into two components that inter-
sect at a certain angle; 2) two lasers whose beams follow the
same directions as in the first case; 3) independent light
sources of different nature having the same space-time struc-
ture.

We consider the following pure states of an electromag-
netic field (making thereby no statements whatever with re-
spect to the light source to which the particular state corre-
sponds):

I) coherent state of a field whose spatial spectrum con-
sists of two components;

II) sum of two coherent states, each with its own beam-
propagation direction;

III) two- and four-photon states.

The calculation leads to the following results.

I. In the case of a coherent state with a beam “split” into
two components one observes a sharp (corresponding to the
classical) interference pattern. The same holds for arbitrary
n-photon states that make up the given coherent state (each
photon is split here into two components.
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II. For a sum of two coherent states, each of which
forms one of the beams (each identical in its space-time
structure to the corresponding component of the first exam-
ple), the interference pattern is smeared more strongly the
larger the number the interference fringes that must be con-
tained in the beam-overlap region (the number of fringes is in
this case a measure of the orthogonality of the considered
two coherent states).

II1. For a two-photon state in which each of the photons
is contained in a corresponding beam, the interference van-
ishes under the same conditions as in case II. An interference
term, however, remains here if the probability of the coinci-
dences is considered. If, on the other hand, not one but two
photons are contained in each of the beams, partial smearing
of the interference pattern for the coincidence probability
takes place, too.

Smearing of the interference pattern occurs for pure
quantum states and therefore does not reduce to averaging
over the random phases, as in the case of incoherent sources.
As can be seen from the second example, this smearing is not
necessarily connected also with the large quantum indeter-
minacy of the phase, which takes place at a fixed number of
photons" (such an indeterminacy exists in third order but is
absent in the second, where the average number of photons
can be arbitrarily large). From the formal point of view, the
interference vanishes in those cases when two interfering
beams belong to orthogonal states (i.e., consist of “unlike”
photons).

2. When calculating the photorecording probabilities
we start from the theory of photodetection, expounded, e.g.,
in Refs. 7 and 8. Let E(r,z ) be the Heisenberg operator of the
transverse part of the electric field. It can be represented in
the form

E(r, t)=E., (r, t)+E (r, ), (1)

A
where ﬁ( +) and E _ are the positive- and negative-frequen-
cy parts of the operator E:

-~ i 1A
E, (rt)= ﬂzi—%)—— j d’kk"e, (k) exp[i(kr—kct) ]ca(k),

(2)
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E (r,t)=— ’—(Z;l j &Kk e, (k) exp[ —i (kr—Fkct) 16+ (k)

= (Eq (r,0)*. (3)
Here k = |k|,e; (k)(A = 1,2) are real polarization unit vec-
tors, for which kee;(k)=0, e,(kre,(k)=5,,, and
e, '(kle;' (k) = 6, — (k;k,;/k ?) (summation is carried out over
repeated polarization indices). The operators &; and ¢, * sa-
tisfy the canonical commutation relations

[en(k), ex* (K') ]=0u-8 (k—k'). 4)

It is known™® that the probability dp(r,t ) of the record-
inga photon at a point r in the time interval (¢, + dt ) is equal
todp(r,t) = v,(r,t )dt, where

vi(r, 8) =<y (v, 8)Eyy (r, 2) . (5)
Here |¢) is the state vector of the electromagnetic field,
E . ,(rt)=mnE . (rt),nis a unit vector along the direction
of the dipole moment of the detected atom. The coefficient 7
is connected with the effective photodetection cross section
o by the formula = co/4nfiw.

The probability of joint registration of two photons at
the points r, and r, in the time intervals (¢,,¢, + dt,) and
(2,52, + dt,) is equal to

dp(ry, ty; B, £:) =v2(1y, b5 12, ) dE,dl,,
where

vz (Fy, Bi5 T2 tz)
=ﬂz(‘P|E(—)(l‘n t:)E(—) (r, tz)E(+)(l'h tl)E(+)(l'z, tz) I‘P)- (6)

3. We consider hereafter the following states of the elec-
tromagnetic field.
1. Coherent state |z), for which

(k) |2>=2(k)|2>. (7)

The coherent state of the electromagnetic field can be ex-
pressed in the form

(P =exp{ -/, j a*k|z, (k) I’}exp { J' a*kz, (k) ¢, (k) } 10,

(8)
where |0) is the vacuum state (¢, (k)|0), (0|0) = 1. To de-
scribe the coherent state of the electromagnetic field it is
convenient to introduce the operators

tep [ PRR@Er W), =y [Phn @E® )
and choose the coefficient ¥ to satisfy the condition
le, c*]1=1.
It is easy to verify that
= [J‘d’klzk(k) |2 ]—V’ —1/N"

where

(10)

(11)

N=cyl [ k6t (k)& (k) lp>= [ dklz (k) I

is the average number of photons in the state |¢) = |z). We
can then rewrite (8) with the aid of the formula
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[29=exp(—N/2)exp(YNe*)|0>,  <z|z>=1, (12)

which is analogous to the formula for the coherent state of an
oscillator. The possibility of expressing the coherent state of
a field with the aid of the operator ¢* in the form (12) has a
definite physical meaning: In the coherent state of the field
we encounter photons that always have one and the same
structure, and these photons are generated by the operator
é+.

We shall assume in the present paper that the function
z, (k), which determines the spectral makeup of the field, is of

the form

za (k) =ai (k) +pa (k), (13)

where a; (k) is concentrated in a small vicinity of the point
k, = kon,, while 8, (k) is located close to the point k, = kgn,.
The unit vectors n, and n, specify the propagation directions
of the two components of the beam. The dimensions 27//
and 27/b of the regions in which the functions a; (k) and
B, (k) are concentrated (see Fig. 1) determine the dimensions
of the wave packets. We shall put k/» 1,k,b> 1, correspond-
ing to quasimonochromatic and quasiplane wave packets.
We shall find it convenient to introduce the operators

ar=N" [k ()3 (k),  a=N." [ dkar (K)e(K),
) ‘ X (14)
b*=N, " j' Prp(R)EF (), b=N, ™" (B (K) s (K),

where

FIG. 1. Regions in wave-number space where the functions a, (k) and
B, (k) are concentrated: /—longitudinal and b—transverse scales of the
wave packets; n, and n, are unit vectors along their propagation direction.
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N,=j‘d’kla,\(k)lz, No= [ ki, (k) I2.

We then have according to (9) and (13)
ct=(NJ/N)"a*+(No/N)¥b*, e=(N\/N)"a+(N/N)"b.

(15)
The operators @ and b satisfy the commutation relations
l4, a*1=1b, b*1=1, [a, b*1=R, [}, a*1=R",  (16)
where the quantity
R=(N.N) " [@has’ (k) B (k) (17)

determines the degree of overlap of the states |a) and |8 )
[see (23)]. According to the Cauchy-Schwarz inequality we
have

|R|<1. (18)

Returning to the state (12), in which z; (k) takes the form
(13), we note that this model can be set in correspondence
with coherent radiation passing from one source through an
optical system that splits the beam into two components that
propagate at an angle to each other.

II. The second state we shall consider is a sum of two
coherent states:

|p>=M[|a>+[B>]. (19)
Here
la>= exp(—N./2)exp (N." a*) 0>, <alay=1,
[B>=exp(—N./2) exp(N:"b%) 0D, Blp>=1 29

are coherent states that are generated by the operators (14)

and satisfy the relations
ak) |d=a(k)[ad, a(k)|B>=p(k)|p>. (21)

The normalization coefficient M is determined from the
condition (¢|¢) = 1 and is connected with {a|B8 ) by the re-
lation

2M*[1+Rela|p>]=1.
On the basis of (20) we have

<alp>=expl— (N, +N,)/2]<Olexp (V" @) exp (N, 5+) [0>.
Using the known Glauber formula

exp(A+B)=exp(4)exp(B)exp(—'/.[4, B])
=exp(B)exp(4)exp(‘/.[4, B]),

(22)

we easily reduce the averaged equation to a normally or-
dered form:

exp(N."a) exp(IV,"b*) =exp (N," b*) exp (N,*8) exp[ R (N.V;) 1.
Taking into account the equality

<Olexp (N,"b*) exp (N,"2) 105 =1
we then obtain

{a|B>=exp{—*/.[Ni+N,—2R (N,N,) “1}. (23)
In particular, if N, = N, = N,, i.e, the mean values of the

photons in both wave packets are equal, then
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(a|p>=exp{—N,(1—R)}. (24)
From this we see that if
N,(1—Re R)>1, 25)

then |(a|B )| €1,i.e., thestates |a) and |8 ) are approximate-
ly orthogonal. ‘

We note that the considered state (19) cutside the region
of intersection of the wave packets leads to the same space-
time picture of the electromagnetic field as the “split” coher-
ent state (12). This will be seen directly from the formulas for
the quantity v,(r,t ) calculated for these states.

IIL In the next example we consider states of the form

| W 0> =M, (6%5%) |0 (26)

atn = 1and 2. Here@* and b * are defined as before by Egs.
(14), but the quantities N,, no longer have the previous
physical meaning, but are simply normalization factors. The
coefficient M,, is determined from the condition
(¥,,]¥,,) =1, and its values for n = 1 and 2 are

M=(1+|Rj*)~", M.=[4(1+4|R|*+|R|*)]-" (27)
Each state (26} contains » photons that propagate in the di-
rections n, and n,.

4. We now obtain the values of v, and v, for the consid-
ered states.

1. For the coherent state (12), using (7), we obtain

B (r, 0)|2>={2>[Ei(x, t)+E.(x, t)], (28)
where
- I«(ﬁc) ll' . . Mk
Eva(rt) =" — 5 & " (ne, (k) ) expli (ke—ket) fo G,
(29)

are analytic signals corresponding to the coherent states |a)
and |8 ). Equation (5) leads next to the expression
Vi (l‘, t) =7“E1 (l‘, t) +E2('1 t) Iz

=n{|E:(r, t)|*+|E:(r, t)|*+2Re E(r, t)E:"(r, t)}. (30)

The last term is here the interference term. To express it in
explicit form, we obtain an approximate expression for E, ,.
To this end we introduce in the integral for E, a new integra-
tion variable, putting k = kon, + w. Since x €k, in the region
essential for the integration, we can use the expansion

k= (kuz+2koun1+xz) Ilz=ko+un4+. ..

and retain two terms of this series in the exponential, and one
term in the pre-exponential factor. We then obtain

E,(r, t)=A,(r—n,ct)exp[ik.(n,r—ct) ], (31)
where
A, (r—nyct) =| Al exp (ipy) = i(hzc:°) -
X(ne, (kon,) ) j‘d’xa; (kom,+x) explix (r—nyct) ] (32)

is the wave-packet envelope, which is a smooth function of
the coordinates in the wavelength scale. We obtain exactly
the same expression for E,(r, ). Substituting (31)in (30), we
have
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vi(r, t)=n{|4:(r—n,ct) |>+| 4. (r—n,ct) |2

+2|A4,4,|cos[ ko (n,—m;) 1+, —, ]} (33)

It can be seen directly from (33) that in this case the interfer-
ence pattern is sharpest (the modulation depth equals unity).

It follows from (28) that the coincidence counting rate
v, is given in this case by the known formula

Vo (Fy, B Toy t2) =vi(Fyy £1) v, (T, t2). (34)

It can also be shown that an equation that differs from
(33) only by a common numerical coefficient holds also for
states of the type

[nd=(n1)="(c*)"|0>. (35)

This state can be treated as an n-photon state in which
each of the photons is split into two components that propa-
gate along the directions n, and n,.

I1. We consider now the state (19). Using (21), we obtain

By (v, 8) [ 9> =M[|E,(r, t)+|B>E;(x, t)],

. 36
CP|E (- (x, t) =M[E*(r, t)<a|+E, (r, t)<B|]. %
Then
vi(r, ) =nM>{|Eq(r, t)|*+]|Eq(r, t)|?
+2Re[<a|BE. (r, t)Ea(r, 1)]). (37)

Equation (37) differs from the corresponding (30) in the pres-
ence of an additional factor (|8 ) in the last term. This fac-
tor can according to {23) be very small in absolute value if the
condition (25) is satisfied. In this case, as follows from (37),
the interference pattern becomes smeared.
We consider also the quantity v,. Applying to (36) the
operator E , ,(r',t') and again using (21), we obtain
Ey(r, )E 4 (x, t) | WO =M[|a>E (x', t')Ey(r, t)
+l§>E2(l’/, t/)Eﬁ(rv t) ]1
P E ey (1, 8) E oy (¥, ') =M[E," (v, ') E,* (, t) <at]
+E,; (v, t')Ey (v, t) B]].

We then have for the coincidence counting rate

vo(r, t; o, t') =0 M {|E\(r, ) E,(x', t') |*+ | E: (x, t) Eo (2, t) |?

+2Re [<a|BYE, (r, t)-E; (r', t')Ex(x, t) E. (¥, t')1}.
(38)
the last term which is responsible for the interference, also
vanishes in this formula if | (a|8 ) | €1. Thus, in this case the
interference patterns become smeared both for v, and for v,.
IT1. We consider now the states |¥,, ) (26). We note that
the method of exciting states with a finite number of photons
was proposed in Ref. 9 and realized in Ref. 10. First, using
the definition (14), we can find the formulas
[6(k), a*1=aalk)/NL | [G(K), b 1=Ba (k) /NS,
after which it is easy to derive the commutation relations
(B (1, 8), 8" 1=Eu(, 0)/NE, [Bes (r,8), b¥1=Ea(r, 1) /N2

39
Using them we obtain in the case n = 1 (39)
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By (5, ) [ =M {b*|0> [E, (v, 1) /N1 +3*10) [ Es (x, ) /NI 1),

C¥LB (v, )=M.{[E, (x, ) /N 1<0Ib+[Ey* (r, £) /Ny 1401 6).
(40)
We have then for the counting rate v,(r,?)
vi(r, £) =nM2{<0|bb+|0> | E,(r, t) |*/N,
+<0|da+ |05 | Ex(r, t) |2/Ny+ [<0| 46+ | 0YE, (x, t) Ey*(x, t)
+<0|ba*|0>E * (x, t) Es(r, £)]/(N:N,)%}.
But according to (16)

<0|aa+|0y=<0|bb*|0>=1, <0|ab*|0>=R, <O|ba*|0>=R",

whence

vi(r, t)= n { IE:(l‘,t)Izﬁ IE:(I', t)lz

1+|R|? N, N,

2 Re[RE.(r, 0E: 01},

(N:N2)"% 41

+

It can be seen from this formula that as |R |—0 the interfer-
ence term vanishes, just as in the preceding example.

We now gbtain v,. Acting on the first equation of (40) by
the operator E . ,(r',t) and using (39), we obtain [designat-
ing for brevity E,, =E,,(r,t),E' |, = E,,(r't’)]

Ew, (v, t)E 4 (x, 1) | ¥2>=|0>[My/ (N,N,)"] [E.ES'+E/E,],
KWL |E- (', t)E -\ (x, t)=[M./(N,N,)"] [E.E,’+E,'E,]*<0].

Therefore

va(r, t; ¥, ) ={n¥/ [N.N: (14| R|?) 1)

X{|E:\E)|*+|E/E,|*+2Re [(E.\E,) (E/E,)*]}. (42)

We see that as |R |—0 only a common numerical coefficient
changes in this equation, but the interference term does not
vanish. Thus, as |R | -0 the usual interference pattern for the
state | ¥,) becomes smeared but the interference pattern for
the coincidences remains sharp.

The situation is similar in the case of the state |¥,).
Since the calculations here are more unwieldy, we present
only the final equations:

__2n[1+2R1] [ 1EI* | B’
1+4|R|*+]RI* UN, N,

2[2+|RI?]
_ Re[RE.E;' }
[T+ 2R (o, DeLBEET f,
(43)
2n’ IlEiEi’lz |EE,' | 2
Vo = +
1+4|RI*+IRI* U N2 N2 N.N,
4R (E\E,’+E\'E,) (E.E,’)"
X|E.E,' +E, E,|*+R
| 2 1 zl e(N,Nz)'/’ N,
(E.E,’+E/E,)" (E\E,") 2
+ ]+
N, N.N,

X[ |RI}| BBy +E, Esl*+Re (E.E,) (E.E,')'R?) ] l

(44)
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Just as in the preceding case, as |R |—0 the interference
term vanishes in the formula for v, but remains in the for-
mula for v,. However, the depth of modulation of the inter-
ference pattern for v, in the state | ¥, ) is less than in the state
|¥,). To verify this we substitute in (42) and (44), taken at
R =0, the representation (31) for E,,. For simplicity we
assume that N, =N, =Nyand |4,| =|4,| =|4||=|4}]
(i.e., we consider the interference pattern in the central part
of intersecting identical wave packets). Then

oAl
va ~—"—11,2'— {(1+cos[ko(m—ns) (=1') ]} for Wy,
0
(45)
2 A 4
v, & —-—-12an2 ! {1 +%005[k0(n1—n2) (r—r")] } for WO
0

It can be suggested that at R = 0 and when # is increased the
depth of modulation of the interference pattern in the
expression for v, will decrease.

Let us cast light on the physical meaning of the param-
eter R, which determines the sharpness of the interference
pattern. According to (17), it determines the fraction of the
“common” photons in the two interfering beams. The condi-
tion under which | R | €1 is that the regions in which the func-
tions a; (k) and 3, (k) are concentrated must not overlap. It is
seen directly from Fig. 1 that this takes place in the case b</
if arctan(m/kyb ) <6 or

K=kb tg 0/a>1. (46)

On the other hand, K is the number of classical-interference-
pattern fringes that are contained in the cross section of the
beams intersecting at the angle 6. Indeed, according to (33)
the period A of the interference pattern is determined by
condition 2k,A sind = 27 and is equal toA = m/k,sin6. The
transverse dimension of the region of intersection of two
beams of diameter b is equal to b /cos6. Therefore the num-
ber of interference fringes is

K==b/A cos 6=Fk,b tg 0/mx.

Thus, if K> 1, i.e., if the classical interference pattern should
subtend over a large number of fringes, then |R |<1, and in
example II and III the interference pattern should be
smeared out. Conversely, if K €1, the regions where the func-
tions a, (k) and B, (k) are concentrated overlap almost com-
pletely, and in this case |R | = 1.

By way of example we consider the case of coherent
states with Gaussian spectra

ax (k) _ _ (lﬂll,z—ko) 4 _ [kz“‘ (knl,z) z] b?
Ba (k) } =ABu exp { 2 2 } :

(47)
According to (31) and (32), they correspond to electromag-
netic wave packets of the form

(@l B, (5, ) >
BIE ) (r,2) 18>

iA (2nfiw,) "
%,—mo')'—" (ne, (kon:,z))

(48)

}A —E,,(r,t)=

(n,',l'—ct) 3 _ r_,_'

Xexp { iko (ny .x—ct) — o7 o

It is easy to find that in this case

308 Sov. Phys. JETP 57 (2), February 1983

}, r,=r—n,,(rm,;).

R=Ib[ (P cos? 0+b? sin? 0) (1> sin® 8+b? cos? §) ] —"
xexp {—koI*b* sin? 6/ (I* cos® 0+b*sin?0) },

and if (/ /b )>tané, then R < exp( — K ?).

5. Let us summarize the main points. From the view-
point of quantum theory a situation is possible wherein the
interference pattern of intersecting light beams is partly or
completely smeared out. The size of this smearing depends
on the quantum state of the electromagnetic field and is a
consequence of the orthogonality of the states to which the
interfering beams belong. In other words, if the quantum
states are orthogonal, the photons that enter in the different
beams are “‘unlike” and do not interfere. By the same token
we make somewhat more specific Dirac’s known state-
ment'' that a photon interferes only with itself. Here is a
manifestation of the difference between classical and quan-
tum electrodynamics, namely that the former is linear in the
fields and the latter is linear in the state vectors. It follows
also that orthogonal coherent states do not interfere.

In connection with the arguments advanced above,
when experiments on interference of light are performed and
interpreted attempts should be made to identify to some de-
gree the quantum state of the field; this is of course a difficult
task. Without this identification, however, it would be diffi-
cult to point out the cause of the discrepancies between the
results of different experiments.

Although it follows from the results of the present pa-
per that the character of the interference pattern should de-
pend substantially on the quantum state of the electromag-
netic field, it is difficult to indicate a priori which quantum
state is generated by one or other light source or by their
aggregate. If it can be assumed, for example, that the model
of the coherent state |z) with the function
z, (k) = a, (k) + B, (k)is applicable for laser emission passing
through an optical system that splits the beam into two inter-
secting components, for a field produced by two lasers it
would be possible, generally speaking, to propose different
models of quantum states. If the operators a* and b * intro-
duced above are used, all the quantum states of the form

(49)

=Y 4..@%3m0> (50)

n,m==0

lead to one and the same space-time structure of the electro-
magnetic field. All the field-state examples considered above
were particular cases of (50). Yet we have verified that the
calculation results depend essentially on the choice of the
coefficients 4,,, of this expansion. It is not clear beforehand
to which particular case of the general expression (50) corre-
sponds, for example, radiation produced by two lasers.

Of course, it is difficult to create in experiment condi-
tions under which there would be no smearing of the inter-
ference pattern on account of random losses of phase coher-
ence. However, as can be seen with Refs. 5 and 6 as examples,
such experiments can be organized. It is in the interpretation
of these experiments that the question arises of the quantum
state of the field, and without answering this question it is
impossible to conclude whether the theoretical conclusions
agree with experiment or not.
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At any rate, however, it must be borne in mind that
smearing of an interference pattern for pure quantum states
of an electromagnetic field does not contradict, generally
speaking, quantum theory.

The author is grateful to B. Ya. Zel’dovich for a discus-
sion of this work.

YB. Ya. Zel’dovich called the author’s attention to the possibility of such
an interpretation.

'G. J. Taylor, Proc. Cambr. Philos. Soc. 15, 114 (1909).

2. Janossy and Z. Naray, Acta Phys. Acad. Sc. Hung. 7, 403 (1957).
*Yu. P. Dontsov and A. I. Baz’, Zh. Eksp. Teor. Fiz. 52, 3 (1967) [Sov.
Phys. JETP 25, 1 (1967)).

‘G. T. Reynolds and K. Spartalian, Nuovo Cimento 61B, 355 (1969).
*R. L. Pfleegor and L. Mandel, Phys. Rev. 159, 1084 (1967).

309 Sov. Phys. JETP 57 (2), February 1983

SL. A. Vainshtein, V. N. Melekhin, S. A. Mishin, and E. R. Podolyak, Zh.
Eksp. Teor. Fiz. 81, 2000 (1981) [Sov. Phys. JETP 54, 1054 (1981)].

R. Glauber, transl. in: Kvantovaya optika i kvantovaya radiofizika
(Quantum Optics and Quantum Radiophysics), Mir. 1966, p. 91.

#J. R. Klauder and E. C. G. Sudarshan, Fundamentals of Quantum Op-
tics, Benjamin, 1968.

°B. Ya. Zel’dovich and D. N. Klyshko, Pis’'ma Zh. Eksp. Teor. Fiz. 9, 69
(1969) [JETP Lett. 9, 40 (1969)]. '

!D. C. Burnham and D. L. Weinberg, Phys. Rev. Lett. 25, 84 (1970).

''P. Dirac, The Principles of Quantum Mechanics, Oxford, 1947, §3.

Note added in proof (20 December 1982). After the article went to press,
the author became acquainted with a paper by V. P. Bykovand G. V.
Shepelev [Kvant. Elektron. (Moscow) 9, 1844 (1982), J. Quant. Electron-
ics 12, 1188 (1982)] in which it is shown that a lasing regime is possible
with smearing of the interference pattern, but the mechanism of this
smearing differs from the one considered in the present article.
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