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ABSTRACT

qu—infraréd radiation géneratéd from the difference
frequéncy betWéen two temberature—tuned ruby lasers opera-
 téd oﬁ‘thé Rl and R2 transitions has been observed. This
radiation‘is continuously tunable over the frequency range
- ‘ from 20>to 38 cm_l. Lithium niobafe wés used as a mixing
crystala The éxpécﬁed fréquencies of the far—infrare

"radiation were measured using a Fabry-Perot interferometer.

The phase matching conditions were also verified.
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.In & previous paper we described the generation of tunable far-

infrared radfation over the frequency range from 1.5 to 8.1 cm'-l by

beating two temperature—tuned'fuby'laser beams in & nonlinear crystal.l

By operating one laser on the'Rl transition and the other on the R2
transition, we have now obtained tunable radiation from 20 to 38 cm_l.

In order to produce 1aser_action on the R transition,g’g we used

5.6

2

esgentially a Lyot-Ohman filter in the laser cavity to discriminate

.against the R tranSition.7 The power output of the R, laser was

1 2
sbout 1/2 MW compared with the 1 MW output of the R, laser. Lithium

niobate was used for the non-linear crystal. The additional experimental

épparatus and thé méasurement techniqué wéré éssentially ﬁhe same as
déséribed earlier.l

If both lasérs aré opératéd at room temperature, the difference-
fréqneﬁcy’radiation generated should bé‘at 29 cmfl. In order to .
phase-match this difference-fréquency generation process, a 1.5 mm.

slicevof LiNbO_ was cut with the c-axis tilted approximately 18° away

3

from the normal to the surface. The frequency of the far-infrared out-

put was measuréd using a Fabry-Perot interferometer with'eléctroformed

metal mesh mirrors. ‘The measured transmission curvqgvof the Fabry-Perot

interferometer is compared in Fig. 1(a) to & theoretical curve calcula-

ted for a frequency of 28.8 dm—l. Since the interferometer has a
finesse of about U, the spectral purity of the'far4infrared radiation
could not be measured. In Fig. 1(b) the Fabry-Perot transmission is

shown for radiation generated'with the R. laser at room témperature and v

1
the R, laser at -23°C. The calculated transmission for 35.8 cm—l, the
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frequency expected from.the known temperature dependence of t‘hevR2

transition, is also shown.9 The same LiNbO3 crystal was used, but it

was oriented for phase matching at 35.8 cm_l.

 The phase'matching curve for production of the difference frequency
at 29 cm‘l is shown in Fig. 2. The absorption coefficient for LiNbO

at 29 cm—l is 18 cm—l.lO Normalized theoretical curves obtained by

3

solving Maxwell's equations in the plane wave approximation, with and

vwithout a.bsorption,l’ll are shown for comparison. The effect of absorp—v
tion changes the width at half-maximum very little, but shows a definite
difference at the wings of the curves. The shapesiof the curves would
not be changed appreciably by including diffraction and boundary condi-
fions. The oﬁéerved peak powgr'in this case.was about 5 mw, compared '
with a previously observed value of ~ lmW at 8.1 em™t from a 0.47 mm.
thick crystal.l

From the simple fheory vith plane-~-wave approximation, we expect
an w2 dependénce of the farpinfrared output;power on frequency. Since
the extinction length a£‘29»cm_l is 0.055 cm, as c;mpared to crystal
length of 0.47 cm in the 8.1 em T case,vwé estimate that the powér at
29 cm_l‘ghould be about 15 times the power at 8.1 cm_l f§r the same laser .
- power. Cbmputér calculationsll inclﬁding the éffects,of absorption,:
‘:diffractiqn,‘bOundary conditoﬁs, the spatial distribgtion and mode strué—

fture of the laser light, the birefringent property of the LiNbO. crystal,

3
end the collection angle of the detector gives a factor of 12. Since the pow-

er of the R2 transition laser is & factor of about two less than that of
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the R1 transition, the complete theory predicts a factor of 6 compared

to the factor 5 observédf This result seems éatisfactory considering

1

the uncertainties in 6ﬁr'experiment.ll .The absolute value of the power
- obtained at 8.1 c‘m_'l was shown to agree with theory in the previous
paper;

. The tunable range of the far infrared.radiation>produced by the

beating between Rl and Rl lasers and betueén.R and R, lasers could

2

"be easily extended from O to 50 cm-l by using liquid nitrogen as a

1

coolant. Other systems might enlarge the range of tunability. Many

"tupable laser sources exist which can be used to produce difference
e o | o : : 12

frequency radiation. Among the more promising are the.dye lasers,

13 stimulated polariton scza.t*t:eri_ng,J_‘)'L

thé spin4flip Raman laéérs,
and barametric oscillators.l,5 A system using two dye lasers could be:
tuned,over‘the entire far infrared region. The power, lineﬁidth, and
divérgence‘will perhapslnever be as good as the ruby laser; bﬁt they
‘may be adequate for some applications. Improvements in the'ruby'lﬁsér
:ébgrces, particﬁlarly the dive?gence, should produce & significant |
'ihcréase‘in far infrared pdwer. We can also increase the pbwer by
vchoésing the'opfimum fdcusing of‘the lasers into the cfystal, provided
th§t~damage céﬁ be avoided. ‘It'seems\élear that this_tunQSle far
infréred radiaﬁion source could Ee used for spectroscopy in the 1 to 50
vcm% ‘region,'eépecially féi saturation and other non-linear phenomen;_

which'require‘largefpeak pover.
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- FIGURE CAPTIONS

1(a) FahTYhPérOt scan of differéncééfréquéncy output using Rl and |
R, lines. Thé‘first'scan (a) shows a difference fréquency of .

28.8 Cm_l; ﬁhé second scan (b) shows 35.8 cm-l.v The solid curve
is'calculatéd'froﬁ thé'dimensions of_thé wiré grid interferometer
and from thé'différéncé fréquéncy-éxpectéd from the iasér téﬁpera— )
ture. '

2. Phase-matching curve;for'29vcm°l in 0.15 em LiNbO. crystal,

3

Lo o ginny2 Sy : e
The  dashed line ig ( -;r—-) » the theoretical curve for no absorption.
The solid line is the theoretical curve including an,absorption

coefficient of & = 18 cm L.
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B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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