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Abstract A simple method to obtain from a single CO
2

laser a multiple-frequency radiation suitable for ex-

periments in laser chemistry is suggested and experi-

mentally realized.

In laser chemistry and laser isotope separation, there is a

need for a simple and convenient multiple-frequency radia-

tion source to conduct many processes depending on the IR-

multiphoton excitation (MPE) of molecules [i]. For example,

such a radiation is necessary to overcome through .resonance

the lower discrete vibrational states of relatively small-

sized molecules, hence to accomplish their effective photo-

lysis in moderate IR-laser fields. Suggested in this work

is a simple method to achieve multiple-frequency lasing in

a single CO
2

laser.

In essence, the method consists in using different re-

gions of the CO
2

laser medium to effect lasing on different

lines. Indeed, for the majority of stable resonators, the

cross-sectional dimensions of the TEM mode are comparative-
oo

ly small [2]. Therefore, with this mode being selected, the

active medium is only partially occupied by electromagnetic
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field and so, the rest of the medium can be used to achieve

lasing on other lines. In particular, such a concurrent la-

sing on different lines can be realized in an ordinary TEA

CO
2

laser whose cavity is formed by a spherical mirror with

a curvature of radius R and a grating (Figure i).

FIGURE i. Schematic of a multiple-frequency TEA CO
2

la-
ser. The laser cavity is formed by a spherical mirror (M)
with a curvature of radius R 5.4 x I0 cm and a plane
grating (G) with a period of d 10-3 cm. The cavity para-
meters were as follows. () Double-frequency lasing: ca-
vity length D 1.13 x i0 cm; distance between the dia-

phragm system (DS) and the mirror, L 102 cm; diaphragm
aperture radius r 0.37 cm; distance between the centers
of the aperture diaphragms, b 1.75 cm; cross-sectional
dimension of the active medium, a 3 cm; distance bet-
ween the mirror and the nearest boundary of the active
medium, 1 5 cm. (2) Triple-frequency lasing: L 75 cm;
r 0.3 cm; b i.i cm; m tilting mirror; x center of
curvature of the spherical mirror.

In such a cavity, the grating in its first order ope-

rates in an autocollimation mode, i.e. for a radiation of a

certain wavelength the grating acts as a plane mirror

set at right angles to the axis of the cavity. To extract

the radiation from the cavity, use is made of the grating in

its zero order. The field of the TEM mode in such a cavity
oo
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is concentrated in the vicinity of the axis passing through

the center of curvature of the mirror. One simple way to rea-

lize multiple-frequency lasing is to spatially divide the la-

ser medium by a set of aperture diaphragms. Figure illust-

rates a most simple case where two such diaphragms are used.

With this method of separating the active medium, the auto-

collimation conditions for beams i and 2 are satisfied with

different wavelengths and k
2 given by

k i 2dsinS.1 (i)

where i 1 or 2, d is the period of the grating, and 8
i

the angle between the th beam and the normal to the grating.

For the difference in wavelength between beams I and 2, we

have from Eq. (i)

)i
i -)k2 1

/(R L) (2)

where b is the distance between the centers of the diaphragms,

R the radius of curvature of the mirror, and L the distance

between the mirror and the diaphragm system.

The frequency of beam is set in the usual way by ap-

propriately adjusting the angle of the grating. The frequen-

cy of beam 2 can be changed relative to that of beam of the

following ways (see Eq. (2)): (I) by varying the distance b

between the centers of the diaphragms, (2) by varying the ra-

dius of curvature of the mirror, R, and (3) by varying the

distance L between the mirror and the diaphragm system.

The simplest and most convenient way is to vary the mu-

tual disposition of the diaphragms (i.e. the parameter b). In

this case, the minimum frequency difference
min

is go-
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verned by the condition that the corresponding fields should

not overlap in the cavity:

b 2r (3)

where r is the aperture radius of the diaphragms. The maxi-

mum frequency difference A depends on the cross-sec-
max

tional dimension of the active medium and the position of

the medium in the cavity and is determined by the condition

b a(R- L)/(R- i) (4)

where a is the cross-sectional dimension of the active medi-

um and 1 the distance between the mirror and the nearest bo-

undary of the medium. For our laser (see caption to Fig. i),
-i

Amin and /i max
were 2 and 14 cm respectively. For

example, with the frequency i of beam being fixed on the
-i

9R(8) line (1070.5 cm ), the frequency 2 of beam 2 could

be changed from 1073.3 cm 9R(12) line to 1084.6 cm

9R(30) line by varying the distance between the centers of

the diaphragms. The tuning curves for the fixed b 1.75 cm

are presented in Figure 2.

The delay time between the laser pulses of frequencies

I and /2 could be varied over the range (0 to 200) + 20ns

by introducing appropriate losses into one of the channels

(channel or 2). For our CO
2

laser, the maximum energies of

beams and 2 were around 200 mJ.

A triple-frequency lasing was achieved in a similar way

by using a system of three aperture diaphragms. In particular,

at r 0.3 cm, b i.i cm, and L 70 cm, we obtained a tri-
-i

ple-frequency radiation with frequencies i 1070.5 cm
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-I
9R(8) line; 2 1076 cm 9R(16) line; and 3 1081.1

-i
cm 9R(24) line. The radiation energy at each of these fre-

quencies was about 50 i00 mJ. By increasing the cross-sec-

tional dimensions of the active medium one can broaden the
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Figure 2. Tuning curves for beams and 2 in the case
of double-frequency lasing. The cavity parameters are the

same as those given in the caption to Figure I. The arrows
indicate two pairs of frequencies at which concurrent la-

sing is possible in this particular case.

maximum tuning range A and further increase the num-
max

ber of possible radiation frequencies.

An important feature of the present scheme for obtaining
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multiple-frequency radiation is that the beams of different

frequencies propagate at small angles to one another:

0 b/(R- L) (5)

This substancially facilitates the use of such multiple-fre-

quency radiation in experiments on the IR-multiphoton excita-

tion of molecules, for it eliminates the experimental diffi-

culties associated with the need to match the beams of diffe-

rent frequencies.

Thus, suggested and experimentally realized is a techni-

que for obtaining a multiple-frequency radiation from a sin-

gle CO
2

laser, which is convenient to use in experiments on

the MPE of molecules in multiple-frequency IR-laser fields.

The advantages of the technique are the following: (I) the

frequency of each beam can be easily varied over sufficient-

ly wide limits; (2) beams of different frequencies propagate

at small angles to one another, hence there is practically

no need to match them; (3) multiple-frequency radiation pul-

ses are well synchronized and delay times between them can

readily be varied over the range 0 to 200 ns by introducing

additional cavity losses into the appropriate channel.
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