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Abstract. The degree of second-order coherence g'®(r)
and its frequency-dependent formula of a two-longitudi-
nal-mode laser (simply called two-mode laser) are derived
from the quantum theory of light. The quasi-periodicity,
frequency-dependent characteristics and photon statistics
properties of g'®(t) are analysed theoretically. It is found
that for a two-mode laser field there exists the effect of
photon anticorrelation and the g'®(t) can be measured by
the optical interference method. The frequency-tuning
characteristics of g (t) in the two-mode laser field is also
analysed. It is shown that the frequency-dependent chara-
cteristics of g®(t) can be applied to frequency and power
stabilization of the two-mode laser and the measurement
of two-mode laser linewidth Avp and the frequency width
ovy, of each longitudinal-mode, respectively.

PACS: 42.50.Ar; 42.25.Hz; 42.55.Lt

Since two-mode lasers have been widely used in frequency
stabilization [ 1-6], interferometer of two-mode laser [7],
high-resolution laser spectroscopy and optical frequency
standards, two-mode squeezed state [8] and two-mode
correlated spontaneous emission, etc., it is very important
to investigate the properties of photon statistics and fre-
quency dependence of a two-mode laser field, while the
statistical properties of light are determined by the degree
of second-order coherence ¢g'?(t).

Recently, the first-order temporal coherence g*'(t) of
a two-mode and multimode laser field at steady state was
analysed in [9—-12] using classical theory. The frequency-
dependent properties of first-order temporal coherence
g"(7) in a freely operated two-mode laser were studied in
[13]. The methods of frequency and power stabilization of
two-mode lasers were introduced in [1-6].

In this paper, second-order coherence and its
frequency-dependent characteristics, and the photon
statistical properties of the two-mode laser field are

*To whom correspondence should be addressed

investigated. In Sect. 1, the degree of second-order coher-
ence g?(t) of the two-mode laser field at the steady-state
and the frequency-dependent formula of g®®(t) for freely
operated two-mode laser are derived from the quantum
theory of light. In Sect. 2, the frequency-dependent charac-
teristics and its quasi-periodicity of g®(z) of a two-mode
laser field are calculated and analysed theoretically. In
Sect. 3, the photon statistical properties of a two-mode
laser, such as photon correlation and anticorrelation effects
and the condition of photon non-correlation, are discussed.
The frequency-tuning properties of g'®(z) of a two-mode
He—Ne laser are analysed. The possible applications of the
frequency-dependent characteristics of ¢g'?(t) to the fre-
quency and power stabilization and the measurement of
the linewidth Avy, and frequency width v, of the longitudi-
nal-mode in a two-mode laser are discussed.

1 Frequency-dependent Formula of g (1)

If the two-mode annihilation operators are @, and d,, the
wave functions with space variables are u;(x) and u,(x),
and the mode volume is V; =V, = V, the electric field
operator of a two-mode laser with frequencies w; and w,
follows:

Ex,t) = ED(x, 1)+ EO(x,1), (1.1)

where
2

EM(x,t) = Y ug(X)dy exp(— joyt),
k=1
2

ECxt) =Y up(x)al™ exp(jot) (1.2)

k=1
and
ue(x) = j(hay /260 V) exp(jki-x), (k= 1,2). (1.3)

For an ideal multimode laser field, the density matrix can
be written as a coherent state with random phase

[T 10xx 04l (1.4)

k=N+1

N
p=1] m®
k=1
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where
1 2n

Prc = | B % Brl =2— f ddy | Bi x Pl, (1.5)
T o

with

Br = | Bl exp(jPy). (1.6)

Here | fx|? = {#; > is the average photon number of the
kth mode, @, is the random phase, | O, ) is the state vector
of the kth mode of vacuum state. The creation operator
4" and the annihilation operator d,. satisfy

<&;¢+)(jk’> = Tr{paA;f)dkr} = i) O (1.7)

For a two-mode laser field, N = 2, k = 1,2. From the
definition of the second-order quantum correlation func-
tion of the light field

GP(t) = ¢ I + 1))

=(EOMEDt+0)ED(t+1)EP@)),  (1.8)
one has
G(c) = [ug |2y > + uy 2z > 12
+ 2|uy [P luy |* <Ay Y {y ) cos(dwyT). (1.9)

Since the first-order quantum correlation function of
a two-mode laser field is given by

GW(x) = CEWEN (¢ + 7))

= |uy|* <Ay ) exp(— joi1) + |us|* (s ) exp(— jo,1)

(1.10)
Equation (1.9) can be rewritten as
G(t) = [luy <y > + |ual? <z »1? — [ug [*<iy )2
+ |ua[* <y 2] + |GV (n) |2 (1.11)

From the definition of the degree of second-order cohe-
rence

CIOI( + 1))
d(@)y?

the general formula of the degree of second-order cohe-
rence of a two-mode laser field at the steady state is given
by

g?() = GP()/[GP(0)GV(0)] = - (1.12)

_ A2+ <052
[<I,> +<I:)]°

where (I, > = hw, (A, >, I,> = hw, (A, are the output

intensities of a two-mode laser at the steady state.

If k = <I,Y/KI,) is the relative intensity of the two-
mode output, (1.13a) can be rewritten as

g?(@) =1 +1gP @), (1.13a)

92() = + 19V (@),

k
(1 +k)?
where g'V(t) is the degree of first-order coherence of the
light. In order to discuss the influence of the frequency
width dvy of longitudinal mode upon the ¢'¥ (1), we em-
ploy the semi-classical theory of light to derive the degree

(1.13b)

of first-order coherence g'*(t) [11, 13]. The form of g'V(z)
is given by

_ exp(— movyT)
Ay + <y

X cos(2mAvyT)

gP(x) |<T1>2+<T2>2+2<T1><f2>

|1/2

_exp(— movyT)

1+k |1+ k? + 2k cos(2nAvgT)["?,

(1.14)

where Jvy is the frequency width of the longitudinal
modes. When dvy — 0, or the delay time 7 (i.e., optical path
difference Al = Ct)is very small, (1.13) can be simplified as

2 <L>

D) =1+ "
g7 KDy + <7

cos(2ndvyt)

=1+ 5 Cos(2mAv,T). (1.15)

2
(1+k)

If the output intensities of the two modes are the same,
Le., {I;> =<,», or k=1, with vy — 0, (1.13a) or (1.15)
can be simplified further

g2() =14 |gP()]> = 1 + 5 cos(2ndv,1). (1.16)

It is clear that the range of the degree of second-order
coherence ¢®(t) of a two-mode laser field is:
1 < ¢™(x) < 3.1n addition, (1.16) shows that the degree of
second-order coherence ¢®(t) (or second-order correla-
tion function) of a two-mode laser field can be determined
by the measurement of the degree of first-order coherence,
i.e., the second-order coherence and statistical properties
of an electromagnetic field can be studied by the optical
interference method. Of course, this is a method of in-
direct-measurement on g®(z).

If the influence of the drift effect Av of longitudinal-
mode frequency on the two-mode output intensities in
a freely operated laser is considered, the general formula
(1.13) of the frequency-dependent ¢g*(z) in a two-mode
laser field can be modified as

I3 (Av) + I3(4v)
(@) + L) P2
2k(Av)
T+ k(4v)]?

where Av =v; — (vo — 4v4/2) = vy — (vo + 4v4/2). The
corresponding g)(4v, 7) is given by [13]

g?Av,7) =1 + gV (v, 7)?

+ 19 (v, 1), (1.17)

exp(— movyt) 5 B
o) 3 Ly 1A @)

+ 21, (4v)I,(4v) cos(2rAvyT)|1?

9V (dv,7) =

_exp(— mévyT)
14 k(4v)

x cos(2nAv,T)|'3, (1.18)

where k(4v) = I,(4v)/I,(4v) is the instantaneous inten-
sity ratio of the two-mode output at the drift amount Av of

11+ k(Av)? + 2k(4v)



longitudinal-mode frequency. When vy can be neglected,
or 7 (i.e., 4l) is very small, (1.17) can be simplified as

21, (Av)I,(4v)
[T (4v) + I,(4v)]?
2k(Av)
[1+ k(4v)]?

For a two-mode He—Ne laser working at steady state,
if the two-mode intensities are equal, i.e., k = 1, the degree
of second-order coherence ¢g'?(t) is given by

gP(Av,7) = cos(2ndv,T)

=1+ cos(2ndvgy1). (1.19)

(1.20)

However, for a freely operated two-mode He—Ne laser,
the ratio of the two-mode laser intensities at Av is given by

2
“Avg-Av |,

where Avp and Av, are the laser linewidth and the space of
longitudinal modes, Av is the amount of the frequency
drift of the two-mode frequency v,,v, relative to the
frequency-symmetric point (vo + 4v,/2). Substituting
(1.21) into (1.17) and (1.18), one has the general formula of
the frequency-dependent g‘? ()

g (1) =3 + exp(— 2ndvy 1) cos?(mAv, 7).

k(Av) = I,(Av)/I5(4v) = exp |:8 In (1.21)

1 + exp(—
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laser field is given by
g?(Av,2m + 1)L)

~2K(Av) + [1 — k(4v)]? exp[ — 2(2m + 1)ndy L/C]
B [1 + k(4v)]?
(2.3)
and
GD(Av.am + L) = 1 4 —2KAY) (2.4)

[1+ k(4v)]*

Obviously, at Al = 2mL, or Al = (2m + 1)L, the degree of
second-order coherence g¥(7) is related to the relative
intensity k(A4v), i.e., to the frequency-drift effect Av of the
longitudinal modes.

Moreover, when Al=Q2m+ 1)L/2, (m=0, £ 1,
+2, ...), ie., the optical path difference is odd multiples
of L/2, the frequency-dependent g (z) of the two-mode
laser field is given by

gI[Av,2m + HL2] =1

if dvyg — 0.
When the longitudinal mode is drifted and the relative
intensity ratio k(4v) varies from 0.1 to 10.0, the fre-

(2.5)

2n6vy 1) [cos(2mAvyt) + cosh(8 In 2+ Avy - Av/Av)]

@)y =
g(4v,7) 1 + cosh(81n2-Av,

If Av does not vary with the time ¢, (1.22) becomes the
general formula of g™ (z) of the two-mode He—Ne laser
field at the steady state. When dvy — 0, or t(i.e., 41) is very
small, (1.22) reduces to

cos(2mAdv,7)

@(fy. 1) = 1
g2 (4v,7) + 1 + cosh(8 In 2AVqAV/Av]2)),

(1.23)

where Av, = C/2nL =~ C/2L, and L is the length of the
laser cavity.

2 Frequency-dependent Characteristics of g®(t)

Assuming Al =2mL(m =0, + 1, + 2, ...),1i.e., the optical
path difference A4l is even multiples of the laser cavity
length L, from (1.17) and (1.18), one obtains the frequency-
dependent g (1) of the two-mode laser field

2k(Av)
g(z)(AV, 2mL) = exp(— 4mn5vHL/c) + m (21)
and

2k(Av)
@Av,2mL) =1+ —— . 2.2
92 2mL) = 1+ e s 22
Similarly,if Al = 2m + 1)L(m =0, £ 1, + 2, ... ),1i.e., the

optical path difference is odd multiples of the laser cavity
length L, the frequency-dependent ¢'®(z) of the two-mode

- Av/AvE)

(1.22)

quency-dependent curve of g'¥ () is calculated from (1. 17)
and (1.18) for the optical path diference Al =0, 2,L 3L,
and 2L, or for k(4v) = 0.1,0.5,1.0,5.0 and 10.0. The vari-
ation of g¥(t) against the relative intensity ratio k(4v), or
the optical path difference 4l for L =25cm
(4dvq = 600 MHz), dvg = 30 MHzis shown in Figs. 1a and
2a, respectively. When dvy = 0, the relative results are
shown in Figs. 1b and 2b. If we compare Fig. 1a with
Fig. 1b, or compare Fig. 2a with Fig. 2b, it can be found
that g'®(t) of the two mode laser is intensely depend on
the frequency width dvy of longitudinal mode, and the
periodicity of g‘®(t) becomes the quasi-periodicity when
ovy #0. The maximum values of g¢®(4v,7) are
exp(— 2ndvyAl/c) + 2k(Av)/[1 + k(4v)]* at Al =2mL,
the minimum values of

g ¥ (4v, 1) are 2k(4v)/[1 + k(4v)]* + exp(— 2rndvy4l/c)

1 —k(4v) | _
X [1—i—k(4|v)] at Al =(2m + 1)L,

the relative variation range is from 0 to 3. When Av is
equal to zero, the maximum values of g‘z’(Av T) are
2 + exp(— 2novy4l/c) at Al = 2mL, the minimum values
of g@(4v, 1) are constantly > at Al = (2m + 1)L. The cor-
responding period is 2L.

For a two-mode He-Ne laser, if L =25cm,
ovg = 30 MHz, Avp = 1000 MHz, and the longitudinal-
mode drift amount Av drifts from — 4vy/2to Av,/2in one
direction, the frequency- dependent curye of g®(7) can be
calculated from (1.22) for 4l =0, 2,L,ZL and 2L, or for
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Fig. 1. The frequency-dependent curve of the variation of g‘®(t)
against the relative intensity ratio k(4v) for a general two-mode
laser. In Fig. 1: (a) dvy = 30 MHz; (b) dvy = 0; Other calculated
parameters: L = 25 cm, and 4v, = 600 MHz

Av = —3Avq, — % A4v4,0,% Av  and 3 Av,. The variation of
g@(z) against the relative intensity ratio k(4v), or the
optical path difference Al is shown in Figs. 3a and 4a,
separately. When vy = 0, the relative results are shown in

15
I k(Av)=1.0
/ k(AV)=0.5
A k(AV)=5.0
k(Av)=0.1
i k(Av)=10.0
1.0 |
e i
2
2
£ |
05 L
—a
o0l 1oLy
OL IL 2L 3L 4L 5L 6L 7L 8L
15 Al
1.0
B i
e
)
£
05 -
k(Av)=0.1
» k(AV)=10.0
k(Av)=5.0
’ K(AV)=0.5
| K(AV)=1.0
b
ool v v

OL 1L 2L 3L 4L 5L 6L 7L 8L
Al

Fig. 2. The frequency-dependent curve of the variation of g‘®(t)
against the optical path difference 4! for a general two-mode laser.
In Fig. 2: (a) dvy = 30 MHz; (b) dvy = 0; Other calculated para-
meters: L = 25 cm, and 4v, = 600 MHz

Figs. 3b and 4b. If k(4v) and Av are substituted by the
steady state k and Av, Figs. 1-4 are the curves of g'?(t) of
the two-mode laser field at the steady state calculated
from (1.17), (1.18) and (1.22).
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Fig. 3. The frequency-dependent curve of the variation of g‘®(t)
against the relative intensity ratio k(4v) for a two-mode He—Ne
laser. In Fig. 3: (a) dvy =30 MHz; (b) dvyg = 0; Other calculated
parameters: L = 25 cm, 4v, = 600 MHz, and 4v, = 1000 MHz

From the above theoretical analysis, it is seen that
the ¢ () of the two-mode laser field has the following
frequency-dependent properties.

(1) The degree of second-order coherence ¢'?(t) of the
freely operated two-mode laser field is not only related to
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Fig. 4. The frequency-dependent curve of the variation of g‘®(t)
against the optical path difference 4/ for a two-mode He—Ne laser.
In Fig. 4: (a) dvy = 30 MHz; (b) ovy = 0; Other calculated para-
meters: L = 25 cm, 4v, = 600 MHz; and 4vp, = 1000 MHz

the optical path difference Al but also related to the longitu-
dinal mode drift effect Av. If the influence of the longitudi-
nal-mode frequency width Avy is considered, g (4v, 41)
decays with quasi-periodic oscillations as a function of the
optical path difference Al. The period is 2L.
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(2) When 4l =2mL, g*®(4v,2ml) of the two-mode
laser field is not only related to the laser linewidth Avy and
longitudinal-mode linewidth dvy, but also related to the
longitudinal-mode drift amount Av. If the drift amount Av
is small, the value of g®(4v,2mL) becomes large. The
curve of the frequency-dependent characteristics presents
a shape of inverse “V”. This is quite different from the
frequency-dependent characteristics of g(r), which is
gP(Av,2mL) =1 [13].

(3) When 4l =(2m + 1)L, the frequency-dependent
characteristics curve of g®(4v,(2m + 1)L) is opposite
to that of g®(4v,2mL) at Al =2mL. It appears as
a “V” shape curve and symmetric about the direct line
Av = 0.

(4) When Al =(2m + 1)L/2 and when vy =0, or
Al is very small, the ¢g'®(t) of the two-mode laser field
depends only on the longitudinal-mode frequency width
ovy and independent of the longitudinal-mode drift
effect Av. These are only time—space points that are
independent of Av in ¢g®(r) of the two-mode laser
field.

(5) When the influence of ovy is considered at
Al =0,2L(or L), the variation of g (4v,t) of the two-
mode laser field as a function of the longltudlnal mode
drlft Av is the largest. The variation range is about from 3
to 5. This is very suitable for the measurement of laser
lmew1dth Avp and the frequency and power stabilization
of the two-mode laser.

3 Analyses and discussions
3.1 Photon statistical properties

The degree of second-order coherence g®(t) of a light
field reflects the correlations between photons at time
t and time t + 7 in a time—space point of the light field. To
describe the properties of photon correlation in light field,
it is usually called g'®(r) > 1 photon correlation effect
while g®(t) < 1 photon anticorrelation effect (in a two-
mode laser field, this definition is equivalent to the stan-
dard definitions ¢3)(r) <1, or C;,(r) <0). When

g®(z) = 1, it is called photon non-correlation effect [14].
For a two-mode laser field at steady state if vy — 0,

(2)(1) of (1.15) shows variation from 3 to 3 periodically. It
varies as a function of the time delay ’L' or the optical path
difference 4l. Some time—space points in the two-mode
laser field show periodical photon correlation and an-
ticorrelation effect. At the points 4l = (2m + 1)L/2, there
are photon non-correlation effects. If the influence of dvy
is considered, the two-mode laser field shows non-correla-
tion effect (g@(to) = g®(4l,/C)=1) at following
time—space points A4,

1 —exp(2ndvy4ly/C) = 5 cos(2ndvyAly/C). (3.1)

2k

14Kk
For a freely running two-mode laser field, it is seen from
Figs. 2 and 4 that the variation range of g®(t) is from 0 to
1.5 when A4v # 0, while when Av = 0 the variation range of
g@(z) is from 0.5 to 1.5. In other words, Figs. 1, 2, and
4 show that photon correlation and anti-correlation ef-

fects vary periodically not only with time delay 7 (or 4])
but also with the drift effect k(4v) (or 4v) of longi-
tudinal-mode frequency. At Al =2mL, the light field
shows photon correlation effect and at 41 = (2m + 1)L/2,
it shows photon non-correlation effect. If the influence
of dvy is considered, the photon correlation effect of
a two-mode laser field decreases while photon an-
ticorrelation effect increases when Av # 0. The amount
of decrease or increase depends on the magnitude of
ovy, 4v and Al. While when Av = 0 the frequency width
Jvy reduces only the photon correlation effect, and does
not affect the photon anticorrelation effect at
Al =(2m + 1)L. Since ¢®(0) > g?(z), the photon an-
ticorrelation effect in the two-mode laser is not a non-
classical effect. The two-mode laser field is an only
example that both photon anticorrelation and photon
bunching effects appear.

3.2 Frequency-tuning properties of g'®(t)

For a two-mode He—Ne laser with frequency tuning Av,
optical path difference Al = L, from (1.22), one has

cosh(8 In 2+ Av, - Av/Av})

g?(4v, L
( )= 1 + cosh(81n 2 Avy - Av/Av})

(3.2)

This is the tuning equation of g (r) for a two-mode
He—Ne laser field at Al = L. Similarly, when Al = 0 or 2L,
(1.22) gives

1
1+ cosh(81n 2 Avy- Av/AvD)

g2(Av,0) =g P (4v,2L) =1 +

(3.3)

Assuming L =25cm (4v, = 600 MHz), 4vp, = 800,
1000, and 1200 MHz, when the tuning amount
Av = + 600 MHz, the frequency-tuning curves of g‘®(t)
calculated from (3.2) and (3.3) are shown in Figs. 5a and
Sb.

From Fig. 5, it is seen: (1) At Al = L and 41 =0, 2L,
the frequency-tuning property of ¢g'?(t) of the two-mode
laser field is of the same shape and opposite opening. This
shows that the frequency-dependent method of g'®(r) on
frequency and power stabilization of two-mode He—Ne
laser can be achieved either at Al = L, or Al =0 and 2L.
This is different from the method of the frequency-depen-
dent g™ (1) for frequency and power stabilization of two-
mode He—Ne laser [13].

(2) The frequency-tuning characteristics of ¢(c)
shows “V” shape curve and is symmetrlc about the line
Av =0. When 4v =0, g®(0, L) = 5 is the minimum. The
photon anticorrelation effect is the strongest. The output
intensities of the two mode are equal (i.e., k = 1) and the
polarizations of the two modes are perpendicular for the
intracavity two-mode laser.

(3) When the laser linewidth Avp, becomes smaller, the
variation of frequency-tuning curve of g (4v, L) becomes
steeper. It is necessary to choose two-mode He—Ne laser
with small Avp to improve the precision of the frequency
and power stabilization.
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Fig. 5. The frequency-tuning curve of g*®(z) for a two-mode He—Ne
laser. In Fig. 5; (a) the variation of g'®(r) against the relative tuning
amount Av/Av, at Al = L; (b) the variation of ¢g'®(r) against the
relative tuning amount Av/4v, at 4l =02L (L =25cm, ie,
4v, = 600 MHz)
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3.3 Possible applications

From the theoretical analysis of the frequency-dependent
and frequency-tuning properties of g®(z), it is seen that if
Av =0 is the frequency-locking point with A4l =L or
Al =0,2L, the frequency and power stabilization of the
two-mode He—Ne laser can be achieved by using the
frequency-dependent signal of g®(4v, L) or g (4v,0/2L)
as an error signal to control the cavity length L of the
two-mode laser. This principle and method are similar to
that of the frequency-dependent method of ¢'*(7) for the
frequency and power stabilization [13].

Since the slope of the tuning curve of g‘®(z) near
Av =0 is not very large, the degree of frequency stabili-
zation cannot be very high if Av =0 is chosen as the
frequency-locking point. This is also different from the
frequency-dependent method of ¢g¥(7) for frequency sta-
bilization. However, it is seen from Fig. 5a that if a slope
discriminator is used [15] and the frequency-locking
point v, is chosen in the middle at the linear part of one
side of the “V” shape curve, it will be very suitable to
achieve frequency and power stabilization of the two-
mode He—Ne laser using the frequency-dependent chara-
cteristics of g'?(4v,L). This is similar to the frequency-
stabilization method of transverse Zeeman laser [16].

Differentiation of (3.2) gives the slope of g (4v,L)
tuning curve at some amount A4v of frequency tuning:

a sinh(adv)

d B _
k(dv) = d(4v) g Av. L) = [1 + cosh(adv)]*’ (34)

where
a=28In 2Avq/Av]2). (3.5)

If L =25cm (4vq = 600 MHz) and 4vp = 800 MHz,
from (3.5), a = 5.3 x 10~ °. It is seen from Fig. 5a that the
coordinates of the middle points on the linear part of
either side of ¢@®(4v,L) are approximately
Avg = £ 250 MHz and ¢§’ (4250 MHz, L) = 0.6634.
From (3.4), the slope of g®(4v,L) at Av, = 250 MHz is
about ko = 1.02 x 10~ °(1/Hz). The degree of second-order
coherence g'®(t) at the middle position Av, = 250 MHz
in one branch of the linear parts of g (4v, L) tuning curve
is given by

gP(Av,L) ~ ko | Av| + b, (3.6)

where b is the distance of section of the straight line (3.6)
on g?(4v, L) axis. The corresponding degree of the fre-
quency stabilization is about

5v~1'

r AgP(4v, L), (3.7)
Vo ko Vo

where v, is the central frequency of the laser and
Ag®(Av, L) the amplitude distinguishing ability of the
measurement of ¢®?(zr). For a He-Ne laser,
Jo = 632.8 nm, v, = 4.74 x 10'* Hz, with A4g®(4v,L) =
1073-10"%, the degree of frequency-stabilization cal-
culated from (3.7) is about 2.1 x 107°-2.1 x 10~ 1°,

From (3.2) and (3.3), or Figs. 5a and 5b, it is seen that
the frequency-dependent characteristics of ¢g®(t,L) can
also be used in the measurement of the linewidth Avp of
the two-mode laser.
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4 Conclusion

The general formulae of the degree of second-order coher-
ence ¢'?(t) and of the frequency-dependent relationship
are derived from the quantum theory of the light. The
second-order quantum coherence, its frequency-depen-
dent and photon statistical properties of the steady state
and of the freely operated two-mode laser field are ana-
lysed and discussed. On the basis of investigation of g‘®(t)
frequency-tuning property, the possible applications of
g?(7) frequency-dependent characteristics in the measure-
ment of the linewidth Avp and the longitudinal-mode
frequency width dvy of two-mode laser and the frequency
and power stabilization of two-mode laser are discussed.
Theoretical investigations show:

(1) The second-order quantum coherence and its fre-
quency-dependence of the two-mode laser vary periodi-
cally with the time delay t and the frequency drift Av. The
maximum value is > and the minimum value is 3 with
corresponding period 2L and 24v,.

(2) When two longitudinal modes have the same out-
put intensities (i.c., <I,> = (I,)), the degree of second-
order coherence can be observed experimentally by the
optical interference method in Michelson interferometer.

(3) At Al=2mL or 2m+ 1)L(m=0, +1, +2,...)
the frequency-dependent g?(t) of the two-mode laser
varies most remarkably with Av. It is very useful for the
frequency and power stabilization of the two-mode laser.

(4) There is photon anticorrelation effect in the two-
mode laser field, but which is not a non-classical effect.
According to the variation of the time delay 7 (or 4/) and
the amount 4v of frequency drift, the photon correlations
of the two-mode laser show periodic changes from photon
correlation to photon anticorrelation with period 2L.
Only at 4l = (2m + 1)L/2, there is photon non-correla-
tion effect.

(5) The frequency-dependent characteristics of
g (Av, ) of the two-mode laser field is similar to that of
gY(4v,7) [13] which can also be applied in the measure-
ment of the linewidth 4vp and the frequency and power
stabilization of the two-mode laser. The theoretical pre-
cision of frequency stabilization is of the order of
21x107%-21x 1071,

The frequency stabilization method of ¢'®(t) fre-
quency-dependence described in this paper is similar to
that of g‘®(t) [13]. It essentially overcomes some disad-
vantages in the traditional method of frequency stabili-
zation which uses the two-mode polarization properties of
the two-mode intracavity laser [ 1-4]. The precision of the
frequency and power stabilization can be improved fur-
ther. This method is also suitable to two-mode intracavity
He—Ne laser with output of random polarization property
and two mode half-extracavity with parallel-linear polari-
zation output. Compared to the frequency-stabilization
method of gV(t) with frequency-dependence, this method
has some advantages, such as simple optical system,
strong anti-interfere ability, and good dynamic property
and so on because the correlator (i.e., the intensity inter-
ferometer) to measure the degree of second-order coher-
ence g'?(t) is almost a pure electronic device, while is not
an optical interferometer. Then it is not sensitive to the
influence of on-the spot working conditions or circum-
stances, such as: the mechanical vibration, temperature
and refractive-index fluctuation and atmospheric distur-
bance, etc.
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