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WAVEGUIDE DYE SOLUTION LASERS
P. Burlamacchi and R. Pratesi

Laboratorio Elettronica Quantistica del C.N.R.
Via Panciatichi 56/30
Firenze, Italia

1o Introductiaen

Since the development of first lusers the possibility of light
amplification and oscillation in waveguide structures has been investignt
ed, Waveruide lasers have been corstructed ucing a variety of lasing nate-
rials, either solid, gassous, or liguid.

One of the principal advantages of uweing a waveguide structur
at the optical freguencies is the possibility of miniaturizirg the laser
conmponents and to set up very compact lasers. The field of optical comau~
nicatiors has often reguested *the develonment of fivber optic amplifiersand
oscillators to be inserted into the fiber transmission systems(1_2). ol
recently, with the fast development of the integrated opbics technology,
the imrpeortance of waveguide lasers is further increased(3).

Althoush the fezsibility of laser action in guiding struciures
hes been widely demonstrated for solid, gaseous, and liquid materiels, on
ly solid~state lasers have boen extensively investigated for the above men
tioned aspplications. Nore prceisely,dye lasers have been considered inmprog

tical for integreted optics because of limited lifetime due to photobleach

losses of optienl fibers are higher then for neesr IR sources. The availabi

lity of

3!

compact, rugged inexpensive narrcw-band dye laser oscillators wit
integrated resonator structure will certainly be of great interest for a
variety of applications beyond the field of integrated optics when inpro-
vements of dye characteristics will be achieved(4). Therefore, in this pa
per we will only briefly review the results obtained with liquid fiber
end liguid thin-film dye lasers. Ve will discuss in more details the gui-
ding effects which cceur in lisuid soluticn dye lasers as & consequence
of the inhomogeneocus distribution of the (complex) refrzctive in¢ex, produ
637
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638 BURLAMACCHI AND PRATESI
ced by the pumping pulse, in view of their importance for a full underst-

anding of dye laser performance,and egpecially for a more efficient desi-
fer
gn of dye laser geometries, high energy and high average power operation.

These thermil-lens type waveguide dye lasers have been investigated by the
authors, and in several aspects turned out to have superior operating cha-

racteristics than conventional dye losers,

2. Agtive Vaveruide Structures

Wavesuide structures erncountered in laser agpplications can be
roughly divided into three groups (Fig.1):
a) fiber dielectric waveguides (with homogenecus core)
b) hollow dielectric waveguides (with homogeneous inner medium)
¢) graded-index waveguides.
The study of 1ight propagation in prssive waveguides has recen-
tly received an increasing attention, an&jgigggded to active guiding struc
tures as a consequence of the important developments in the field of fiter

optics and integrated optics(b—e)

+ Ve now briefly illustrate the basic con
cepts and the principal results reported for cases a) and b); the practiecal
apnlications of the principles precented in ¢) will be discussed in the

nert section,

a) Piber dielectric wavesuide

An optical fibre is constituted by a glass-core cladded with ano
ther glass of lower refractive index., This fiber act&f& dielectric wavesul
de., The guiding mechanism is total internal reflection. Liguid-core optical
fibres can be obtained by drawing 2 lLollow glass fibre and by filling it
with a suitable liquid of slightly higher refractive index., If the cross
section of the core is sufficiently small (a few microns)only 2 small num
ber of posmible field distributions, or modes, can be zllowed to propagite
down the fibre. For example, the energy of the lowest order mode is confi-

A

red into the waveguide structure if:

. 3 /AN
1) ey = Wy [] - %(%}
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Fige1 : Schematic representation of the three prié%pal types
of optical waveguides. a) fiber waveguide with homo-

geneous core and cladding : n . b)

>n )
core cladding
hollow dielectric waveguide with homogeneous inner

medium and cladding : n < . c) graded

core ncladding
index fiber. Typical ray trajectories are shown. In
case c) meridional rays and helical ray of constant

radius are indicated.

where n, and n, denote the index of refraction of the glass capillary and

of the solution, respectively; A the free space wavelengthy and a the ra-
dius of the liguid core. For a BK7 glass capillary (n1 = 1,516) and ben-

zyl alcohol (n, = 1.538) single mode operation at A = 6,300 2 reguires

a = 4 un. Modeepatterns corresponding to the well known fiber laser( S)hg
ve been observed by pumping with a frequency doubled Nd:YAG giant pulse
laser a 10 pm bore capillzry filled with a solution of Rhodamine B in ben
zyl alcohol( 9).

Amplificeation of an input signal in a liquid-core fibre has bhe-
en obtained by winding the fiber around a linear flashtube. With a solu-
tion of Rhodamine B in benzyl alcohol an amplification factor of 10 dB/m

N . 10
has been measured at tne He-Ne wavelength( ).

Light waves can pe guided in thin dielectric films, which are

i

the two-dimensional analoz of optical fibers.
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Thin film organic dye lasers hax‘?&fﬁunt by filling tiny capilla-
ry gaps between polished glass surfaces wi{h a dye solution. The distance
between the glass surface can be determined by spacers made by evaporated
dielectric or plastic film material, Laser action has been reported with
Rhodamine B in benzyl alcohol with both traveling wave and evanescent wa-
(11). The evanescent field

(12)

pumping of a dye film has alsc been demonsitrated .

ve pumpirg by a frequency doubled YAG:Nd laser

In the above experiments the feé&ack necessary for the build-up
of laser oscillation is provided by reflection at the exit windows or at
the dye solution/sir interface at the end of the waveguide. Viaveguide struc
tures with a distributed feedback have been obitained by means of a spati-
ally periodic modulation of the liquid film's thickness. The forward mode
is then coupled to its corresponding backward mode by intramode diffrac-
tion. Narrow band emission can be obtained by this xind of feedback(B).
Zory(13) has operated successfully a distributed feedback laser (DFL) con-
sisting of & film of ligquid organic dye solution in glycerol ( 2 = 1.4654)
held between a blazed reflection grating and an optical flat (quartz,
n=1,4566), and side pumped by a H2 laser. Feedback is provided by the fou
rth spatial harmonic of the grating, and the output is coupled out from
the grating under the Tirst-order angle in the-form of a leaky-wave. Distri
buted feedback can also be oroduced by periodic variations of refractive in
dex in an ad jocent dielectric medium of lower refrazctive index, The feedback
mechanism then involves the evanescent waves of the waveguide, Hill and V=

(14)

tanabe successfully operated a DFL by sandwiching a liquid dye solution

f£ilm (15 + 100 pm thick) between a holographic phase grating and an opti-

cal flat, Rhodamine 6G in a mixture of benzyl alcohol and ethanol has been

used and side pumped by a N2 laser.

b) Hollow dielectric waveguide

Conventional gas lasers with resonant cavities, formed by end mir
rors, operate with free-space modes thzt ore determined by the shape and
spacing of the mirrors, but are not influenced by the presence of the leger
tube. As the tube diameter is decreased the tube begins to interfere with
the e.m, fields formed by the laser mirrors and operation of the lager is
altered in a fundamental way, Ve are then in the presence of an interesting
type of optical waveguide, in which the refractive index of the inside iu
be is lower than that of the surrounding material, Narcatili and Schmelt-

(15)

zer demonstrated that, if the free space wavelength is much smaller
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than the internal radius of the tube, the energy propagates essenticlly wi
thin the tube, bounc ing at grazing angles against the wall. Consequently,
there is little energy loss due to refraction. The hollow waveguide can be
expected to propagate the low order mode with very small attenuation due
to the grazing incidence,

The attenuation constant of the EHnm modes for straight dielectric guides
is given by

1
(2) o, = \*w\)"k L ()

—_— = =z
e am

A

where L. denotes the m-th zero of the Jn_18esse1 function, and v the re
lative refractive index of the external medium. FOTr A = 1 um , v = 1,5

a =1 mm , the EH11 mode exhibits the lowest power attenuation of
only 1.85 dB/Km.

The hollow waveguide laser still depends on external mirrors to
provide the required feedback, but the transverse shape of the field distri
bution is no lonzer Qetermined by the laser mirrors, but by the modes of
the chlow tube. Distributed feedbzck has also been proposed for these la
serso6 %

Hollow (cylindrical and planar) waveguides have been success-
fully used meinly with gas laser, where they vernit to exploit the inverse
dependence of the gain on tube diameter. BExperiments with dye solution ha
ve proved that thermal effects due to laser or flashlamp pumping produce a
strong inhomogeneous distribution of the complex refractive index which
greatly affects the propagation characteristics of the waveguide. They will
be then discussed in next section.

Zeid].er'(11 ) investigated the mode behavior for a slab waveguide
as the refractive index of the dye solution was changed by temperaiure va
riztion from the condition nglas% ndye to ndye< nglass'
the waves sre guided by the high reflection at the interfaces cau-

In the case ndye<
nglass
sed by the grazing incidence near the critical angle and give rise to mo
des which radiate bhoth at the sxit window and through the walls. The

light penetrating the wall is r?d}iﬁed in cones and the brilliant hyperbo
19

lae of the Lummer-Gehrcke nodes have been observed. Traveling wave

and. evanescent pumping has been used,
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¢) Graded-Index Waveguide

A very interesting type of optical waveguide is represented by
a didletric medium with an inhomogeneous distribution of the index of re-

fraction in the plane perpendicular to the guide axis. In this case

the medium surrounding the inhomogeneous fiber plays a secondary role in
determining the allowed

modes of provogation and the light can be guided along the fiber by the

distributed inhomogeneity. Light propagation in passive fibers with gra

ded-refractive index has been extensively studied in view of their great
interest for optical communication systems(1). Fibers with parabolic pro
file of the indegfrefraction have received the greatest attentions. They

present gquite good characieristics for image display and pulse transmis

(18)

tionary' Gaussian-Hermite beams

sion « One of the main Teatures is that such & fiber can transmit 'sta

(7), i,e. without changing the beam width
with distance. The focusing effect of the fiber compensates the divergen
ce of the free-apace Gaussian beam, Wave propagation in a medium with ra
dially symmetric refractive index profile can be discussed on the bagis

of the scalar wave equation:
I3 1t b -
) Vipe « (Rl =BT ] P =0

whare #M") denotes the mode radial function, h{?) the refractive index,
f the propagation constant in the fiber axial direction. If n(r) is real
(lossless passive fiber) the mode has a caustic at the 'turning point',
L defined by

(4) Aty = B

2

It is known from the theory of VKB approximation that the field has an
ocscillatory character in the range 7‘41}, and an exponentially decaying

behaviour in the range 1‘}1}. The condition:
(5) Z% s A (a2 = fiber radius)

has been chosen as a ‘cut-off' condition to define the modes which begin
2

Lo strongly interzct with the fiber boundary, end become very lossy(q)).

If the fiber has gain, n(r) is now complex and the field has an

escillatory and real exponentially behaviour in both regions rii r,.
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Since the variations of the index of refraction and of the gain
over a wavelength are typically negligible, thne more intuitive rey picuiu-

re can be used to describe the light amplification. The ray equation is

given by‘Qo):

_EL. ( d R‘) = B‘u;nl M.
(6) AS C{S

where s denotes the distance along the ray measured from some point on
the ray, R a position vector of a typical point on the ray. The intensity

of the light ray @s it travels in the amplifying medium is given by:

H S .
(7 J(r')_ n;lc(;)) J?sa) exp [— -Ji_?'v Vs ds + .LCO}(:) ds:{

where s, denotes a2 reference point on the trajectory, S represents the ei
konal: SL f (s) &s , and g(s) the small-signal gain. The first term
in the expone;}ial in eq. (7) takes into account the spreading of the ray
tube in the inhomogeneous media. For radially symmetric medium the solu-
tion of eg. (6) ca R%asily reduced to quadratures, and the ray path and
the gain factor G = ET/QE can be evaluated for any given index and gain
profile

The study of light transmission and amplification in mediz with
complex inhomogeneous refractive index is receiving an increasing number

of contributions(22+26). Solid-state self-focusing active fibers are now

(27)

available . The importance of these studies relies on the fact that la
sing materials are only approximately homogeneous, and that in many cases
the effects of refractive index and/or gain inhomcgeneities must be taken
into account to undersitand the laser performance. llore precisely, in flash
lamp pumped media the distribution of the absorbed energy cannot be unif
orm if a good utilizztion of the pumping radiation is required. The late
ral focusing effect of cylindrical rods and the speciral cggosition of

the pumping radiztion and of the lasing material give rise to complicated
distributions of the abscrbed energy, and hence of the gain., The heatr
leased in nea-radiative transition, proportionzl to the nbsorbed energy,
produces 8 non-uniform distribution of temperature, and hence of reirag
tive index. Leng cffects lLave been observed since long time in solid-state

lasers. iven gas lagers with longitudinel electricol discharge pumving

have necrly parabolie guin and relroctive index profiler, with .the ne-

ximum on the tube axis, vbich wroduces gain ond disversion focusing ef-
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fects(zj). Thermally induced refractive index gradients have been consider
8

edﬂa serious obstacle to the development of liguid lasers and thermal lens

(26)

waveguides have been oroposed for thesce lasers since 1964 » Prism-lilke
and leng-like effects were observed in dye laserg and considered the cau-
se of deleterious effects, as early termination, beam distortion, etc. 02
ly recently the authors have pointed out the importance of the waveguide
structure produced by the pumping radiztion for the construction of more

efficient laser geometries.

3. Self-Guiding Dye Laser Amplifiers and Oscillators.

The total intensity I(r) absorbed at a distance r from the axis

in the dye cell is given by:

(®) Ty = (300 ) £er,a,0) A

where:
-Io(x) denotes the light inensity at the wall of the cell, whose spec

tral distribution depends on the particular pumping source used;
-a(X) denotes the absorption coefficient of the dye solution;

-f{r,A,a) describes the profile of the illumination at the wavelength
A, at a distance r from the cell axis, for a cell with total thickness (or

diameter) 2a;

-the integration is performed over the entire zbsorption spectrum of
the dye.,

The function I(r) has been determined by several authors in the
(28,29)

case of solid-stete and liquid laser materials

A fraction of the absorbed intensity is converted into heat in
the host medium. The heat transfer is associated with non-radiative tran
sitions among rotational-vibrational levels of the singlet states, inter
systems crossing, and triplet state relaxations of the dyes(30). Part of
this heat is evolved before initiation of the lmser pulse itself, and the
remaining hert during the pulse. Therefore a laser pulse is forced to pro
ragate from the very beginning in a non-uniform, medium whose refractive

index varies with time. Owing to the different decay constants of the re
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laxation processes, the relative importance of one process with respect
to the others depends on the rise time and time duration of the pulse.
The complex refractive-index R(r) of the active solution can

then be written as:
(9 nee = [Me—AM("-)] S O)E

where n, denotes the refractive index of the solution in the absence of
pumping, An(r) the refractive index variation produced by the exciting
pulse, and g(r) the gain-coefficient per unit length. Both An(r) and g(r)
are proportional to I(r). The waveguide charzcteristics of the pumped 89
lution will substantially depend on the refractive index and gain distri
butions which in turn depend on the cell and pumping geometry and on the
spectral distribution of the pumping radiation.

Their knowledge is important for the construction of
efficient dye laser amplifiers and oscillators.

Let us now briefly discuss the lasing characteristics of these
selfguiding structures.

a) Planar Cell

In planar cell illuminated from both sides by a parallel, uniform

beam the absorbed intensity is expressed by

~ol(A
030 [1.k) 2 sk [anye] da

I(r) is maximum at walls of the cell and minimum at the center. Correspon
dingly, the index of refraction is maximum on the cell axis, and decreages
towards the walls, as shown in Fig, 1¢. In such a medium light propagates
in the same plane of the incident radiation along curved zig-zag paths
(meridional rays in Fig. 1¢). If the gain is sufficiently high, the thre-
shold for superfluorescence (emplification of spontaneous emission)can be
reached. Laser action occurs for ray paths of maximum gain, i.e, for tho-
se rays which impinge at nearly grazing incidence onto the cell surface,
where the inversion is maximum. From each side of thecell the radiation is
emitted into two beams, whose angular separation depends on the waveguide
parameters, Since organic dye solutions have & high guantum jeld still at

3 4+ 1072 w), high efficiency amplification can

high dye concentrations (10~
be achieved. For a given value of the cell thickness, an optimum concentra

tion exists resulting from a compromize of uniform inversion over the cross
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section and maximum utilization of pump intensity. The maximum of the absor

bed intensity at the sxis, I(o), occurs for:

1 monochromatic pumping

(o{r’“k >o‘rf. Bl 2, 20 for

a 30,000 OK black-body pumping with and without UV filtering, respectively
(31). Since the absorption coefficients of the commonly used dye sclutions
are very large (a.p = 121 em~ ! for a 1071 solution of R6G in ethanol),
very thin cells must be used at high concentration. The transverse dimensi
on normal to the pumping beam and the length of the cell can then be suita
bly chosen to get the desired active volume., Two arrays of linear flashtu-

bes closely coupled to the cell can be used for pumping, The planar cells
have been successfully operated as laser amplifiers and oscillators(zz’33 )
Maximum energy output occurs typically for a 0.8 10—3M solution of R6G in
ethanol and for a cell thickness of 0.4 mm. If one end of the waveguide is
terminated by a flat mirror, and the other one by a Brewster angle window,
an input signal can be injected in correspondence of one of the superflue-
rescence lobes and, after a double pasqﬁn the amplifier, extracted from

the other lobe, By flashlamp~pumping}gain factors up to 85.000 have been obp

tained at low signal input, and saturated gains of 5,000 at 100 mJ output
(overall efficiency 0.1 % ) has been achieved with the complete quenching

G3)

of the broadband superfluorescence +» By replacing the Brewster angle
window by a flat window placed normal to the cell axis a compact and effi
cient oscillator can be constructed accordingly to Fig. 2 by using the nar
row rectangular termination of the cell as the entrance slit of a speciro-
graph with the film plate replaced by the feedback mirror. Preliminary res
ults obtained with the Gillieson mounting of Pigs 2 indicate that these la
sers are well promising for the gemneration of narrow-band, energetic puls
ese They can find practical applicationsin the fields of photochemistry,
pollution detection, etc., Moreover, simultaneous operation at two or more
wavelengths can be achieved by placing other mirrors at the focal curve of
the spectrograph, With the Rowland mounting tuning should be achieved by
simply sliding the feedback mirrors along the Rowland circle., To further
reduce the output spectrum Fabry-Perot etalons can be inserted in the oscil

lator.
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Fig.2 : Schematic drawing of a tunable slab oscillator.

b) Cylindrical Cell.

In an wniformly and isotropically illuminated cylindrical cell
the profile of ‘the absorbed inté%ityl%s complicated by the lateral lens-~
ing effect produced by the dye cell( ). For aa 1 the profile is near-
ly flat and superfluoresc?ggi emission occurs uniformly over the entire
cross section of the cell +« As the product aa is increased, the gain
distribution favours the modes with off-axis maxima. The intensity gradu-
ally decrdies at the center of the near field pattern, until it assumes a
well defined ring distribution at large value of aa. For aajy 1 the highest
gain region is limited within a very thin sheet near the wall of the cell,
Superfluorescence can occur only slong helical rays (Fig., 1c) which tra-
vel near the cell wall ('whispering gallery® modes). Meridional rays
(Fig. 1c) travel mostly in scarcely pumped regions and cannot break into
oscillation without the feedback by an optical resonator.

Superfluorescent emission has been inves}igated in capillary
cells with C«1 mm bore filled with R6G in ethanol<‘q). In spite of the »o
or coupling between flashlamp ard capillary, relatively intense emission
has been observed. This demonstirates the low propagation losses of these
selfguiding structures, which p:rmit the use of the more efficient low
index solvenis (as methanol and ethonol) for the dye solution.

However, the peculiar angulsar distribution of the radiation emer
ging from the cell operating on the whispering modes makes it difficult
to be handled, and limits the utilization of cylindrical cellses high ef-

ficiency amplifiers and oscillators.

1
ey vy - A 1 . 4 4
() S3.CUTLLER, ®LALT. MARCATILT, 2% LI @ ' Research Townrd Oplicnl-
Piber Transnission Dystens. Pert I. The Tronomis-
sion Wedium!

Proc.TRRT 51 1703 (1973)



04:26 30 January 2011

Downl oaded At:

648 BURLAMACCHI AND PRATESI

2
%) G, ZEIDLER, D,SCHICKETANZ: 'Use of Laser Amplifiers in a Glass-Fi
ber Communications System®
Siemens Forsche-u Entwickl-Ber. Bd.2 227 (1973)

3 )S.WANG: 'Thin-Film Bragg Lascrs for Integrated Optics!
Wave Electronics 1 31 + 39 ( 1974+75)
& :
See: 'Dye Lasers', ed, by F.P. Schafer, Springer-Verlag
1973

(S)N.S.KAPANY, Ed.: 'Fiber Optics' Academic Press, New York 1967

(S)N.S.KA?ANY, J.J+.BURCKE: 'Optical Waveguides'

Academic Press, New York 1972
7
) D.MARCUSE: 'Light Transmission Optics'

Van Nostrand Reinhold, New York 1972

(B)D.MARCUSE: tTheory of Dielectric Waveguides'
Academic Press, New York 1973

(g)G.ZEIDLER: tOptical Wavegnide Technique with Organic Dye
Lasers'
J.Appl. Phys. 42 884 (1971)

(10)B.DAINO: tAmplificatore in Fibra Ottica per Segnali Luminosi'
Atti delle LXXV Riunione dell'A.E.I.(Roma, Sett.
1974) peg. 1

(11

) G, ZEIDLER: 'Measurements on Thin Film Lasers'
Ark. Rleck. Ubertragung 26 533 (1972)

\12)E.P.IPPEN, GV SHANK: 'BEvanescent Field Pumped Dye Laser’'
Appl.Phys, Lett, 21 301 (1972)

(13)P.ZORY: 'Lager Oscillation in Leaky Corrugated Optical Wavegui
de', Appl.Phys. Lett. 22 125 (1973)

(14)K.0.HILL, AMATANABE: 'A Distributed-Peedback Side-Coupled
Laser!
Opt. Comm. 5 389 (1972)



04:26 30 January 2011

Downl oaded At:

WAVEGUIDE DYE SOLUTION LASERS

(

15
) . AJ MARCATILI, R.A.SCHEELTZER: 'Hollow Metallic and Dielsctric

Waveguides for long Distance Optical Transmission and

Lasers’

Bell Syst. Tech. J., 43 1783 (1964)

(16>D.MARCUSE: Hollow Dielectric Waveguide for Distributed

(

Feedback Lasers'
J.Quant. Electr. QE 8 661 (1972 )
17
) R.ULRICH, W.PRETTL: 'Planar Leaky Light-Guides and Couplers’

Appl. Phys. 1 55 (1973)
18

¢ T,UCHIDA, W.FURUKAWA, I,KITANO, K.KOIZUMI, H.MATSUMURA: 'Optical

Characteristics of a Light-Focusing Fiber Guide and
Its Applications'
IEEE J.Quant, Electr. & 606 (1970)

19

) D.MARCUSE: 'The Impulse Response of an Optical Fiber with Parabvolic
Index Profile’
Bell Syst. Tech. J. 52 1169 (1973)

,20)

' ¥.BORN, E.WOLF: 'Principles of Optics'
Rew York, Pergemon Press 1959, Pag., 121 (eq.2)

21
(

) P.BURLAMACCHI, R.PRATESI, L.ROWCHI : *'Self-Guiding Flash

lamp Pumped Dye Lasers'

(‘22) HLKCGLWITIK: 'On the Fropriaantion of Cuussion Beoms of Light Yhrouss
Loenslike Kedia Including those with 2 Loss or Gein Vo
riation’

Appl. Optics 4 (12) 1562 (1965)

23

&) L.V, CASPBRION, AJYARTV: 'Guin ond Dispersion Fecusing in a High
Gain Laser!

Aoal, Opt. 11 (2) 462 (1972)
24

¢ L.V, CASPERSOI: 'Ceussian Light Beams in Inhomogeneous Media!

Appl. Optics 12 2434 (1973)

)

G.J.ERNST: 'Mode Structure of Active Resonators’

IEEE J.Quant. Electr, 9 911 (1973)



04:26 30 January 2011

Downl oaded At:

650 BURLAMACCHY AND PRATESI
#)
H. WINSTON, R.A. GUDMUNDSEN: 'Refractive Gradient Effects
in Proposed Liquid Lasers'
Appl. Opties 3 (1) 143 (1964)
@7y
J.STONE, C.A.BURRUS: 'Neodymium-Doped Fiber Lasers: Room

Temperature c¢w Operation with an Injection

Laser Pump’
Applied Optics 13 1256 (1974)
(%8
C.H,COOKE, J. Mc,KENNA, J.G.SKINNER: 'Distribution of Absorbed Power
in & Side~Pumped Ruby Rod'
2 Appl. Opties 3 957 (1964)

( ) T.I.SMOﬁ%AJA, A.N.RUBINOV: 'The Effect of a Transverse Pumping Di-
stribution on the Energetics and Profile of Thermobtical
Distortions of a Laser in a Solution of R6G'

Zh, Priklad., Spekir. 16 618 (1972)

(30)
B.I.STEPANOV, A.N.RUBINOV :

Lasers Based on Solutions of Organic Dyes
Sov.Phys.Uspekhi 11 304 (1968) (Usp.Fiz.Nauk 35 45 (1968)

1
( 3 )E.H.GASGMANN, H.4EDERs 'Flashlamp-Punved High Gain Laser Dye Amplifiers’
Opto plectr. 3 177 (1971)

32
9 P, BURLAIMACCHI, R,PRATESI, R,SALIMBENI: 'High Fnergy Self-Cuiding
Planar Dye Lasner!

Opt. Comm. 11 109 {1974)

(33)P.BURLP£ACCHI, R.PRATESI, R.SALIVBENI: ‘*Experimentzl Investigation
on Graded-Gain Dye Laser Amplifiers'
{to be published)
34
( ) P, BURLAVACCHI, R, PRATESI, L, RONCHI : 'Suvcrradiant Guided
Modes in Flashlamp Pumped Capillary Dye Lasers'

Opto Electronics (in prows)



