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NOTICE

The invention disclosed in this document resulted from -
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration,
The invention is owned by NASA and is therefore available for
licensing in accordance with the NASA Patent Licensing Regu-
lation (14 Code of Federal Regulations 1245, 200),

To encourage commercial utilization of NASA-owned inven-
tions, it is NASA policy to grant nonexclusive, royalty-free,
revocable licenses to any company or individual desiring to use
the invention while the patent application is pending in the U, S.
Patent Office and within a specified period, presently two years,
after issuance of the patent to NASA, If commercial use of the
invention does not occur during this period, NASA may grant a
limited exclusive, royalty-free license thereby adding an incen-
tive to further encourage commercial development, Any company
desiring to make, use, or sell this invention is encouraged to
obtain a royalty-free license from NASA,

Address inquiries and all requests for licenses to Assistant
General Counsel for Patent Matters, Code GP-1, National

Aeronauticé and Space Administration, Washington DC 205486,
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METHOD AND APPARATUS FOR
WAVELENGTH TUNING OF LIQUID IASERS

A method and apparatus for wavelength tuning and for
increasing the conversion efficiency of a liquid laser are
disclosed. Wavelength tuning is accomplished by controlling
the temperature of the lasing liquid. The invention can be used
in the space program for remote probing of the atmosphere.

FIGURE 1 of the drawing shows the apparatus for carrying out
the invention, and FIGURE 2 is a graph showing the center lasing
wavelength as a function of temperature for four dye concentrations.
The apparatus as shown in FIGURE 1 comprises a laser liquid cell 2
containing an organic lasing liquid 1. The cell 2 contains
optically polished end windows 5. The temperature is controlled
by means of the device labeled 3 in the drawing. The device 3
is a refrigerant cell when the laser is operated at temperatures
below the ambient and an oven or heat tape when the laser is
operated at temperatures above the ambient. The graph of FIGURE 2
clearly shows that wavelength tuning of a liquid laser can be '
accomplished by temperature variation. Also, the conversion

-efficiency of the laser is increased as the temperature is decreased.

The novelty of the invention appears to reside in wavelength
tuning of liquid lasers by means that are not mechanical in
nature as is the case in the prior art methods. The invention
has application in optical communications, in wavelength matching
for selective excitation of molecules, in tunable optical sources
by optical mixing, and in spectroscopic measurements.

INVENTORS: Gottfried T. Schappert, Kenneth W. Billman and
: David C. Burnham

EMPLOYER: NASA/Electronics Research Center
CONTRACT NO.: N/A
W}L—Gf—ﬂetcheﬁmsw—
PATENT APPLICATION NO.: g&asS as 3

FILING DATE: MAY 16 1969



N&9-21242

3
A IS, / .
. A e g 1 |4 ,
B N A I e 7 £,
“NNNNNSAT -
7 A—— = — - ——— — =
e = S ‘/0‘00
///// ///////////// A N 31342
8300}
8200}
AL A [exi075m
100 5 %1075
:IXIO'SM;\
8000}
[axi07®My
2 5 4 5 & 7
103x 1/T (°k7h
INVENTORS
GOTTFRIED T. SCHAPPERT,
KENNETH W. BILLMAN &
DAVID C. BURNHAM
%W < a ATTORNEYS

NASA CASE NO. ERC-10I187
SHEET | OF |

#7



10

15

20

25

30

e e e v = gy s

The apparatus comprises a 11qu1d cell contalnlng the 1a31ng 11qu1d

and appropriate laser mirrors. The temperature of the cell is con-

to have wavelength tuning of an organlc dye laser are in wavelengtb

, O

METHOD AND APPARATUS FOR
WAVELENGTH TUNING OF LIQUID LASERS

Abstract of the Disclosure

A method and apparatus for wavelength tuning and for in-

creasing the conversion eff1c1ency of a 11qu1d laser are disclosed.

trolled to effect Qavelength tunlng. Temperature'control is ob-
tained by surrounding the iiquid cell with an oven or_heating tape
for temperatures aboVe_the ambient temperature and by surroﬁnding
the cell with a refrigerant for operation below the ambient
temperature; |

Origin of the Invention

The invention described herein was made by employees_of
the United States Government and may be manufactured and used by
or for the Government for governmental purposes without the pay-
ment of any royalties thereon or therefor.

Background of the Invention

This invention relates to wavelength tuning of liquid
lasers, and more particularly, to wavelength tuning of liquid
lasers by temperature'variation

Appllcatlons wherein it is useful and hlghly de31rab1e

matchlng for seleCtlve excitation of molecules; in optlcal.com- ;
munications; in spectrosceplc measurements and in. tunable |
optical qurces:by optlcal m1x1ng. And cnnversely,.by measurlng
wavelength, temperature-can be measured,.nence, the dev1ce can be
used aa a thermometer. | |
Prior art tunlng of lldu1d lasers has been accomplished
by mechanlcal means. For: example tuning haa been obtalned by
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variation of the cavity Q and/or by changing the nature or con- .
centration of the lasing medium. These methods have the dis-

advantage of being purely mechanical in nature.

Sdmmary of the Invention

The présent inventioﬁ'is>difected to a method and
apparétus'for wavelength tﬁning of é lijuid léser; The Funiﬁg is
nonmechanicai in naturé andriéraccomplishéd:by changihg'tﬁe_tém-
ﬁerature of the laSingilidﬁid;‘ The tempefature.changes can be
achieved electrically. Thereféré; no mechanical changes are
necessary. The laser‘can be oberated at temperatures above the
ambient,temperature‘of at temperatures below tﬁe ambient tempera-
ture. In other words, tuning is ébtéined by heating and/or
cooling the lasing liquid. |

An object of the iﬁvention is to provide a method for
wavelength tuniﬁg of liquid lasers. |

Another object of the inventionvis.to_provide apparatus
for wavelength tuning of liduid lasers by temperature vafiation.

A further ébject of -the inventioh is to provide a method
and apparatus for improving the conversion efficiency of liduid

lasers.

. Brief Deécription of the Drawings
The above mentioned and other objécts of the invention

will become readily apparenﬁ.from the following'detailed’de-

scription of the invention when read in conjunction with the

annexed drawing wherein:
'FIGURE 1 is a schematic representation of the apparatus
of the invention; and FIGURE 2 is a graph showing the:temperatﬁfe~

‘tuning; that is, the center lasing wavelength as a function of =

- temperature for four dye concentrations.
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‘mitting the radiation out of the cell. The surfaces of each

‘temperature is to be below the ambient temperature, the apparatus

. low temperatures by using cryogenic liquids as the refrigerant.

ing the cell 2.

"be used. The apparatus shown in FIGURE 1 has beeﬁ successfully

Description of the Preferréd Embodiment
Referring now to FIGUREvl; a liduid.laser‘cell 2
(typically;_a stainless steei.opfical dewaf)'is shown containing
é lasing 1iduid 1. The ends of cell 2 compfise‘a pair of optical

windows 5 which serve as laser mirrors and as windows for trans-

window 5 of the cavity aré'optically.polished and reflect about
4% of the radiation back}into thé cell, This small reflection is
sﬁfficient for lasing action because of tﬁe high gain of the
medium. The cell 2 is surrounded by the temperature controlling
apparatus 3. If the laser is to be operated above the ambient
temperature, the temperéture controlling apparatué 3 will be an

oven or a heating tape that surrounds the cell as shown. If the -

3 will be a cell containing a refrigerant. Of course, the appara-
tus can be so arranged that an oven or refrigerant cell are
interchangeable. - In this manner any temperature variation can be

obtained. For example, the laser can be operated at ext}emely

Of course, the laser can also be operated at high temperatures by

controlling the température of  the oven or heating.tape surround-

"Apparatus for pumping the,laSef~is not shown in the

drawing. However, any suitable well-known pumping technique can

longitudinally puhpéd~with a ruby léser beam one square Qeﬁti-r

meter in érea}at a small angle»(2295) with respect-to the dyé

cavity axis.
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'wavelength spectrum of an organlc dye laser pumped by a Q-switéhed

-diethylthiatricarbocyanine iodide in ethanol and the temperature

to a preférred embodiment, it will be obvious to those skilled in

_the cell must be so constructed that temperature controlling

By varying the temperatu1e of the 1a31ng fluld the

wavelength of the 31gnal output of the laser is also varled The

ruby laser has been measured as a function of temperature for

several dye concentrations. The laser liquid used was

was varied from -117°C to +78°C. The results of these tests; as
shown in FIGURL 2; clearlymshoﬁ thét wavelengtﬁ tuning of a
1iqﬁid laservcan be accomplished by temperature variation.
Fﬁrthermore, these tests have éhown an increase in conversion
efficiency by a factor of three as the temperature was decreased
from 20°C to -60°C.

While the invention has been discussed with reference

the art that various changes and modifications to the invention
can be made without departing from the spirit or scope of the
invention. For example, the laser cell itself need not be con-

structed exactly as shown in the drawing of the cell. However,

means can be readily coupled to the cell without interfering with

the operation'of the laser.
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