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Preface 

This report is the result of the fall of the Soviet Empire and the 
realization by the USAF that the opportunity to obtain excellent 
technology and also support Russian scientists was in US interest.   In 
response to requests to initiate promising contacts, Ted Salvi of Phillips 
Laboratory,   acted on a suggestion from Prof Tony Siegman and invited Dr 
Yurii Anan'ev to visit.   Prof Siegman had met a number of prominent Soviet 
scientist in St Petersburg in 1991 and understood Phillips Laboratory 
interests.     These three scientists are united by their interest in and 
contributions to laser optics, particularly unstable resonators.    Prof 
Siegman wrote an introduction to Dr Anan'ev 's book, "Laser Resonators 
and the Beam Divergence Problem," which should be consulted for 
historical   context. 

The government to government invitation finally succeeded, due in part to 
the exceptional enterprise of Ted Salvi, and a month long visit to the US 
was arranged.   Dr Anan'ev   (he writes his name in english as Ananiev) and 
his wife, Tatania, came to Albuquerque and Phillips Laboratory the week 
of January 11, 1993, and   lectured at PL/LIDA, the IEEE Lasers and 
Electro-optics Society meeting, and at the University of New Mexico.   Ted 
Salvi was host for this unprecedented visit. 

Following his return to St Petersburg, Russia, Phillips Laboratory made 
funds available through the ILIR (ln-house Laboratory Independent 
Research) program for a small research effort.   An appropriate problem 
had been identified, and a contract with Dr Anan'ev and associates at the 
Laser Technology Center, St Petersburg State Technical University, was 
established.    This report documents that effort. 

The extensive contributions of Harro Ackermann, Greg Dente, and Charles 
Moeller to this project are gratefully acknowledged.    Visit support was 
contributed by PL, SPIE, HDOS, TRW, Rofin Sinar (Seimans) and LEOS. 

iii/iv 



Contents 

Preface _ jv 

Chapter 1:       Introduction          1 

Chapter 2:   Anan'ev's First report, 28 Oct 94  3 
"Explanation  of  Behavior of Semiconductor  Laser  with 
Unstable   Resonator  in  Sub-threshold   Regime" 

Chapter 3:   Anan'ev's    Interim Report, 9 Mar 95  7 
"Additional  Considerations  on the  Behavior  of 
Semiconductor  Lasers with  Unstable  Resonators  operated   in 
the   Sub-threshold   Regime" 

Chapter 4:   Anan'ev's Last Report, 17 Jul 95  13 
"Considerations about Summary 'ASE  Patterns  &  Mode 

Formation  in   Unstable  Resonators'  of  Dente,  et al  and  ..." 

Chapter 5: Conclusions       27 

Appendix:   "ASE  Patterns &  Mode  Formation  in  Unstable ...29 
Resonators" 



US Authors' note: 
Dr Anan'ev's reports were sent from Russia by fax, the most reasonable 
means at that time.    Even though the quality of the facsimile is low, to 
insure accuracy we have chosen to reproduce the reports as received, with 
the source material sent to Russia as an Appendix, and a short 
introduction and summary.      The responsibility for this additional material 
rests entirely with the US authors. 
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1.        INTRODUCTION 

Unstable  Resonators Driven  by Spontaneous  Emission 

A curious phenomenon was discovered in unstable resonators in diode 
lasers in 1992 and 1993.   The spectrally dispersed   near field of the 
output of an unstable resonator diode laser pumped just below lasing 
threshold was observed using a grating spectrometer.   This is possible 
because diode lasers are essentially one dimensional emitters, the 
transverse direction (growth direction) is a very narrow single mode 
waveguide.   An unstable resonator can be created in the lateral direction 
by several methods, and an active research effort has been underway. 
The startling data that were taken when the resonator was just below 
threshold displayed a herringbone-like pattern with anomalous curvature. 
The model at each frequency seems to have two major bumps, which 
change continuously as a function of frequency.    The modes are below 
threshold, but spontaneous emission at each frequency is preferentially 
amplified in the modes seen.   A paper was published in Electronics 
Letters2 in September 1993 that showed the phenomenon.   Greg Dente3 did 
several types of analysis, all of which are intriguing but are difficult to 
tie   together in a coherent picture.   He gave a talk at the January 1994 
Winter   Colloquium on Quantum Electronics in Snowbird, Utah on the 
subject.    Excerpts from the paper and viewgraphs4 from the talk are 
included in this report. 

1 Modes of unstable resonators are not proper mathematical modes 
as noted by Anan'ev in paragraph 2   of his first (interim) report.   These 
'quasi-modes' are useful concepts, however, and will be referred to as 
modes in this report. 

2 Bao et al., Electronics Letters, 2JL pp1597-1598, (Sep 93) 

3 Dente and Tilton,    PL-TR-94-1061, pp 92-103. 

4 Unpublished 



The most dramatic attribute of the data was the direction of the 
curvature of the patterns.    This curvature is opposite of the patterns 
observed in Fabry-Perot lasers.    The curvature in Fabry-Perot 
lasers is easily understood by requiring that the z component of the 
propagation constant, kz> remains fixed for each longitudinal mode (kzL/rc 
is the longitudinal integer mode index), and arbitrary ky provides the 
shape of the curves.   In the farfield, the higher spatial frequencies have 
higher total k and thus shorter wavelength.   The curvature reverses for 
the unstable resonator lasers. 
The data raise fundamental questions about the existence and nature of 
spontaneous-emission-driven higher loss modes in a running resonator, 
and about the mechanism at work during the turn-on of an unstable 
resonator.   Professor Anan'ev was the ideal person to work on this 
problem.   He is a pioneer in laser unstable resonators, and his books js a 
classic in the field.   He had also been somewhat exiled in his own country 
for the last two decades, having been 'purged' from the USSR military 
research programs.    Last year, one visiting Russian graduate student said 
that Anan'ev was a 'legendary figure' in Russia and that his book was hard 
to obtain there.   We felt we would all benefit by working together on a 
problem so basic to laser operation which might also shed light on the 
fundamental limitations to coherent laser performance. 

The reports provided by Professor Anan'ev are difficult to read.   This is 
partly due to the nature of the subject and partly due to language 
difficulties.   To make this report more readable, we have added some 
background material: a Preface, this first chapter, an Appendix containing 
Dente's Viewgraphs that were sent to Russia, and a summary chapter. 
The second chapter is the original report made by Professor Anan'ev: An 
interim report provided in October 1994.    In March 1995, another report 
was submitted, with a computer code which calculates the onset of lasing 
in a resonator, (Chapter 3).   Final comments, Chapter 4, were provided in 
July 1995.   The final chapter is a summary of conclusions on the topic. 

s Yu Anan'ev, Laser Resonators and the Beam Divergence Problem, 
Adam Hilger, Bristol, Philadelphia and New York, 1992. 



EXPLANATION OF BEHAVIOUR OF SEMICONDUCTOR LASER WITH 
UNSTABLE RESONATOR IN SUB-THRESHOLD REGIME 

(INTERIM REPORT) 

1. Experimental data 

The experimental data concerning a properties of diode laser behaviour in 
sub-threshold regime and having been informed by Phillips Lab are as follows. 

The observations have uncovered an unusual property in the output of 
unstable resonarors. It is possible to spectraliy disperse the near field output of 
an unstable resonator diode laser by using a grating spectrometer. Since 
diode lasers are essentially one dimensional emitters, me transverse direction 
igrciVui viTCcücnj is a very narrow single mode waveguide. An unstable 
resonator can be created in the lateral direction by several methods. The 
interesting laboratory data was obtained when the resonator was just below 
threshold. It consisted of a pattern similar to a herringbone. The mode at each 
frequency appears to have two major bumps, which change continuously as a 
function of frequency.   The modes are below threshold, but spontaneous 
emission at each frequency is preferentially amplified in the observed modes. 
Besides this information, there are many photos of spectrally resolved near-field 
distribution of diode-laser radiation in sub-threshold regime. 

2. About possibilities of phenomena description by idea of unstable resonator 
modes 

It is well-known that if for two neighbouring resonance frequencies of a 
system, <o, ■ »J - iu>,' and <D2 » ©2 - \m'2 (the timefactor of the complex-valued 
amplitude is exp (-iot)), the following inequality is valid 

2 |tt|-<D'j|/(o>r+©;)<! (1) 

corresponding evaluation for the first and the second modes of a plane resonator 
Willi üic Säiiic üveiäu uiiiicmiOii» äTiu äüüi lüääcä öf föuiEuün p57 double uaTjait 
as is the case of diode-laser unstable resonator. 
Using the notation of [I], section 3.1, we have 2 | a»[ - a'21 / (<o,r +«>5 )= 
= 41 s; - 8'2\ I (A, + Aa ) where 8^ are phase corrections and A«, are the relative 
losses of radiation intensity per double transit. For the plane resonator modes 

5' » — (m +1) where N is Fresnel number and m is transverse index. 
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3x Therefore |5J -8J|»— ; for conditions when resonator is filled by medium 
oJH » 

with refractive coefficient s, M ^ a2!* / XL„ where A is tks half width, >» - wave 
length in vacuum, and L0 - fee length of resonator. In our case X,=0.97 urn, a - 
100 urn, L0=500 urn, thus N »72 and | &'Q - 8\ | «0.017. Because of larger width 
of beams in unstable resonators the phase corrections in this case are still 
smaller. At the same time the losses of radiation per double transit even in 
condition of their partially compensation by gain in sub-threshold regime turn 
out much higher. In actual fact, threshold gain per double bounce is equal here 
M/R' ss 7.8 where R' is the Fresnel reflection coefficient. If intensity of the 
excitation is lower man threshold one only at 5%, the gain is equal 7.80W *7.o, 
and the relative losses for the first mode of unstable resonator are 
(7.8-7.0)/ 7.8 «10%; for the second one they are dramatically higher. We can 
____J„J_  it   ,   ___j:*:__  /i\ ;_  .u.^....i.. ...t:j  „j .__*.i_t_ __* J_ MmuwH/  iu» wuvuuvu \xj la ui/viuuaijr   vouu euiu  luiauum» icauiuuvi  muuo 

structure cannot be observed. 
The unstable resonator modes cannot be used also for series expansion of 

arbitrary tight field: eigenfunctions of unstable resonator do not make up a 
complete orthonormalized set, so that one cannot use such an expansion [2, I]. 
Therefore we are forced to give up attempts of use an information about 
resonator modes and transfer to methods of classical optics. 

3. Explanation of phenomena experimentally observed from the viewpoint of 
classical optics 

The law mat describes the spatially-spectral pattern is similar to the one for 
fringes of equal thickness [3]. To evaluate this dependence, you have to find out 
the distance L(x) from plane mirror to the convex one. This distance has to be 
calculated along the way parallel to the axis and remote from it at x (see Figure). 
It's easy to find that 

4M 

L(x) = L0+^ (2) 

where radius R = -',   ' , -Lq * 2200 urn (M- 2.5 - magnification coefficient of 
(M-1) 

resonator). 
The interference at the axis takes place for wavelength Xq : 

h 
2 

where n - index of refraction, q - the order of interference. 

L0-n = m-% (3) 

REPORT page# 



L(x) 

and therefore 

L(x).n = mM|U£ 

^(X)=^W2rJ; 

(4) 

(5) 

One can attach the index "q" to this parabola The experimental spatially- 
speetiai pattern is the sequence uf precisely ihese such parabolas. Their spectral 
distance at the axis is 

A straight line corresponding to any ?. intersects the sequence of parabolas in the 
points, forming the succession of interference peaks. 
Thus the shape and position of spots experimentaUy observed can be explained 
by the idea of fringes of equal thickness. 

4. About spectral and spatial width of paftwn 

In this section we shall discuss factors defining the width and number of 
"arcs** on spectral-resolved distributions which are observed experimentally. We 
don't know any works considering interferometers with medium which emits 
and amplifies a light in sub-threshold regime. An interference pattern must be 
clear if an elementary wave is passing at least two times through the same place 
and has approximately die same amplitude. Let us use this assumption. 

ujGvvrullspvvirMrtuihvjvxperimemuipuiierrt. 
We see primarily that the spectral width observed is several times smaller man 
one of luminescence line. The explanation is very simple: we saw that the gain 
coefficient drops rapidly as frequency moves away from the centre of 
luminescence line. Concurrently the wave intensity after two bounces drops 
also, and interference pattern does not keep existing. 

REPORT page# 



b) Spatial width of interference pattern. 
Let us consider the conditions of interference pattern: existence when angle 
between mirrors is a. 
We can consider that our elementary wave moves after two bounces on the 
same trajectory only if condition ad *> Xlhn, or 

hSX/an (7) 
is valid, where ad is diffraction angle and h is the size along the wave front. On 
the other hand, in order to avoid significant losses, <xd should be not excessively 
big, and condition l^a,, £ h, or 

tf^ll^in (8) 
must be valid. 
We can easily see that (7) and (8) can be valid simultaneously if a < <JX/2Lan. 
For magnitude a0 of the half-width of zone where angle between mirrors of our 
resonator is smaller than a we find a0 s a^R » 35 urn. Taking into account the 
rough of evaluation, we can conclude mat this value corresponds to the 
experimental data quite satisfactorily. 

5. Conclusion 

The results or me above-proviaea caicuiaoons permit to conclude mat me 
nhennmwia model offered hv us has exnlamed aualitativelv all exoerimental 
data. 

Reference» 

1. Yu. Anan'ev. Laser Resonators and the Beam Divergence Problem.- Adam 
Hilger, Bristol, Philadelphia and New York, 1992 

3. M.Bom, RWolf Principles of optics. Pergamon Press, 1964 

Head of the project 

Y. Anantev 
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ADDITIONAL CONSIDERATIONS ON THE BEHAVIOR OF 

SEMICONDUCTOR LASERS WITH UNSTABLE RESONATORS 

OPERATED IN THE SUB-THRESHOLD REGIME, 

AND A PRELIMINARY DESCRIPTION Of A COMPUTER PROGRAM 

FOR CALCULATING THE TRANSITION OF AN UNSTABLE-RESONATOR 

LASER FROM SUB-THRESHOLD OPERATION TO LAS1NG 

(DETAILED PROGRAM STATUS REPORT) 

This report presents some additional considerations concerning the 

problem of radiation coherence in sub-threshold regime, which was not 

regime where the lasing starts from, we believed it appropriate to study in 

more detail this process, and to develop the corresponding computational 

Iwrh-nimji» »rmliraM* to lasers with unstable resonators. 
j - 

1. On the Problem of Radiation Coherence in Sub-Threshold Regime 

The preceding report described the observed pattern of radiation 

intensity spectral distribution over the resonator output mirror in terms of 

classical optics; in more than one respect it is similar to a many-color 

picture produced by illuminating a thin film with white light. There is, 

however, a substantial difference associated with ihe significance of mutual 

coherence of the primary radiation sources.      ! 

Indeed, in the case of thin films we deal iwith an illumination source 

located on one side of two fairly weakly-reflpcting interfaces. Therefore 

this phenomenon can bo adequately described in the simplest 

approximation of two-beam interference. Note that for an interference 

pattern to exist, the temporal coherence length should be at least of the 

order of twice the distance between the interfaces. In our case, based on 

Hi« known gain-profile width in a semiconductor, Av - 400 cm"1, we come 

to a coherence length of order 25 urn, which means that this condition 

cannot be met in principle. 

i|_ine 3 reads    "dealt with in preceding interim report.    Since it is 
the subthreshold ..." 



i 
Nevertheless, semiconductor lasen clearly exhibit the presence of 

interference. It is a consequence of two factors:: 

(i) the emitting atoms reside between the resonator mirrors 

characterized by large reflection coefficients; . 

(ü) the medium has the property of-MriMMBf^MartMip the gain. 

To use the language of quantum mechanics, the presence of the 

mirrors increases the probability of emission along the resonator axis, the 

wavelength of this radiation meeting satisfactorily the resonance condition. 

Viewed from the standpoint of classical optics, this means that the resonant 

wavelength produces constructive interference ] an the resonator axis and, 

hence, the highest intensity of emitted light (for equal emitted power per 

atom). This is the reason fox the spatial dependence of the amplified- 
i 

radiation spectrum and for its on-axis monochrbmatization. This pattern of 

the phenomenon suggests that It should be observed only in the near-axial 

region, where each atom of the medium produces a series of images in the 

mirrors making up a linear periodic emitting structure. The linearity of this 

structure breaks down as one moves away from the axis, and this is what is 

responsible for the destruction of the constructive interference. It should 

be pointed out that the significance of the equivalent sources in this series 

falls off with increasing number of the mirror reflections involved the 

faster, the smaller is the reflection coefficient. It may be suggested that as 

the gain increases and approaches the lasing threshold, the effective 

length of this emitter series should increase, so that interference should be 

observed within a progressively more narrow axial region; also, since the 

spectral selectivity of Ulis eiiüUer set increases in the axial direction, the 

spectral lines should become narrower. These considerations can 

apparently be used as a basis for development of a more comprehensive 

tneory 01 me uuserveu fiannm. 

2. Computer Program for the Calculation of Lasing Onset in Lasers with 

Unstable Resonators 

Our computer program draws upon the unique mathematical model of 

the process, which was developed by us earlier ;and based on an analysis of 

8 



the spatial evolution and amplification of the luminescence emitted at each 

puint of the excited active medium in all directions. The spatial evolution 

is calculated within the geometrical-optics approximation (for unstable 

resonators with a magnification coefficient M^ 2 this approximation is 

known to guarantee a satisfactory accuracy). To cut down computer time, 

the medium parameters and the values of totai radiation density over the 

resonator cross sectional area were assumed to be the same as on the axis; 

our experience in computing the characteristics of lasers with telescopic 

resonators shows the errors due to this assumption to be insignificant. 

Although this model was constructed for lasers with short inversion times, 

for which it is particularly useful, its universality and usefulness cannot be 

questioned. i 

Let us present the main relations needed here. In the case of a 
i 

cylindrical active medium with diameter 2a and length L equal to the 

resonator mirror separation, we can write for the radiation density. 
r+ir/ i *?■ 

OKzJl = —-    i   ~M 1 +■ r i    r   /        4-     *     "    ' 
r 

t Ix 
c     ) 

Jlf..   ( !r-^f|   .  II 

Here zis the coordinate! dluuy ilie lesünätor axis (with the origin at the 

concave mirror), f is the lime reckoned liofii tli«s pump turn-on (and, hence, 

from the appearance of spontaneous radiation on lasing frequency), y is the 

volume density of spontaneous radiation power, Br.t is the ray matrix 

element of tho optical system ToproBontinn a. section of the resonator- 

equivalent optical line between the cross sections lying at the coordinates 

z and z, r0 is one half of the zone diameter onj the i plane, which is seen 

from the observation point at z and was calculated by means of this matrix 

with due account of beam obstructions, and kg is the gain coefficient. 

This equation, for whose derivation the reader can be referred to [1], 

should be solved together with the equations describing the change in the 

state of the medium acted upon by the pumping and by the radiation field 



with density p initiating stimulated «mission. The state of the medium, in 

its turn, governs the quantities f and kg. 

This system of integrodiffexential equations jyields the power W of the 

output radiation and its angular distribution: 

! 

W(,)=«r,ta'(l--U   \F{z>,l,t)ck>,   ' 

r '      ' 
<D(<p,/} =  } F[z',L,t) T\M &•   J F[*X') <* 

where   <D(<p, t) is the fraction of radiation poweji confined to a far-field 
j 

solid angle <p , j 

BH and D2i are elements of above-mentioned matrix for z = L 

In OUT earlier work, we developed the corresponding computational 

program. It was written in the presently-obsolete programming language 

designed for the BESM-6 computers in use at the time. While in order to 

cut down computer time, it was subjected ito some simplifications in 

addition to those mentioned above, it was found to be fully adequate in the 

interpretation of experimental data obtained on copper-vapor lasers 11} and 

excimer lasers [2], as well as when designing lasers of these types. 

Wr_v f_„.^  ,.H+MT* fhk Orant has included  writing  computer 

programs in Fortran and Pascal, which are much better in ail respect». Our 

calculations, in particular, use exact, rather than length-averaged, values of 

y and *,, the resonator length is divided into 40 sections, and not 10, as 
i 

before, and so on. 
The program consists of several modules! corresponding to individual 

elements of the system and different stages of jthe solution. This permits us 

to modify it at will for use with different resonator parameters, pumping 

iuuuiique-s, end kincuc ir.cdsls of th» lüeditmi. 

10 
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Daia are inputted by straightforward Sis editing by means of a special 

editor built into the program and started whenever required. Output files 

receive output data; a subprogram for viewing; graphs on the monitor is 

naturally also provided. 

These programs are presently in the stage of check-out using the 

familiar copper-vapor laser model. In the next stage, the check-out will be 

completed, and the various modifications of the programs to deal with the 

geometry characteristic of semiconductor lasers will be developed, after 

which the programs win be submitted to Philips Lab. 

The problems associated with the possible role of a number of effects 

whose inclusion would make the programs too bulky even for present-day 

computers pose severe difficulties. It still remains unclear how small is the 

value of M at which the crossover from geometrical-optics to diffraction 

approximation becomes necessary; what is the role of radiation coherence 

effects in the onset of losing; to what extant the presence of a low-Q 

resonator affects the spatial distribution of noise radiation, and so on. Some 

OI   ine&tt    piubittiiia    may    "u=    i.^V™    in    Ü?    Ctigc    -?f    ~~"->~»™'cnYi    nf 

calculations with experimental data. 
i 
| 
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CONSIDERATIONS ABOUT SUMMARY 

"ASF. PATTERNS & MODE FORMATION IN 

UNSTABLE RESONATORS" (OF G.DENTE Ar Al) 

AND INFORMATION ABOUT PROCEEDING PROGRESS IN CREATION OF 

PROGRAM OF IASING ONSET 

(INTERIM REPORT) 

1. Comments unon rermrt "ASF «at«»™« x. TO^» ff»rma«inB w, 

A. Preliminary fwiiifirtrs 

a)   Despite of general  appreciation to Siegntan,  one  can not say that he 
lUYUIIinu    um    uuDini *%*        * «~*»«MHA« ——.   «—11 

M 

known much earlier than publication of Siegman's paper (of 1965); ho 

formulated   only   supposition   that   in   spite   of   common   opinion   the 
unstable resonator can turn be useful. 

ResultR of calculation in geometrical approximation coincide with 

corresponding formala 5« the boot "Laser Resonators and the Bnarn 

Divergence Problem" of Anan'ev (p. 144, line 18 from top) after 

replacing L -> 2L and i? = -Rm. 

c) General view of experimental ASE patterns (Spatio-Spectral Patterns) is 

in accordance with considerations provided in our first report. Indeed, 

much below threshold (current of 180 ma or 220 ma) we see phenomena 

of classical optics, near threshold and over it the pictures correspond to 
principal resonator mode. 

&■—Ahout regenerative nmplifior nropertios of unstable resonator.. 

This section is very interesting, hut roading is aggravated because of too 

short text. For example, sense of "t" is not explained; one does not 

point out whether noar field or fur field is provided on all figures, and 
so on. 

Method of Neumann series is folly appropriate to analyzing the problem. We 

notice       only      that       more       obvious       deduction       of      formula 

2 line A a) 2 reads "invented the unstable resonator.   Really unstable 
resonators were well ..." 

13 



F(x)*[i-tsi*-vE?K*-i:..]tS(x) is the giibsÜLuihx: Iüjiis=-J öf F is the right 

part of expression If(x) = tS(x)+K.*F the same right part of the same 

expression, then subsequent analogous substitution, and so on. 

M is net clear why the summary comprises a consideration of case of 

plane «eso~istr#T; it is not clear too why en the last lias of p.12 we h&ve sign 
»rain«; than —. 

The nuroBrical rosults are useful and clear, but some qualitative laws 

was published before in small—known (for Western) papers of Russian 

scientists. 

Namely, it was shows in Ji, 2] that convernln« wave nf nnntahln 

resonator possesses maximum gain; relevant evaluation was made in the 

same works. Subsequent discussion on this theme was published in '3 — 5'. 

The answer to the question on beginning of p. 13 is provided for 

arbitrary resonators in works of RoTonlxtrg (10—81 and others). He solved by 

standard variation method nanioly the same problem which is formulated on 

p.14 of Summary. 

Finally we notice that it was shown in some paper J9, 10] that all 

attempts to pass converging wave through unstable resonator lied to 

dramatic increase in valuo of output angular divergence. It can be explained 

in such manner. If we want to achieve a high energy-transformation 

efficiency, our amputier have ic work in regime oi deep saturation. In this 

jtnjiiius ruüö <n gain on ssvsrs! list pssses through resoii—or is no high, 2nd 

flexes Of energy on tbis steps of converging wav» aynlntinn are nearly equal. 

At tbe same time the converging wave has the diffraction value of divergence 

only on sole last step; on other steps it has smaller area of cross section and 

therefore the bigger divergence. 

2. INFOBMATION AttCWT PPOC.KT.TMNn PPonPttSB IN ntTftTlOW OV 

T)pnr.BAM nv T.AgiNc: ONSET 

Wc have croatod a program for calcnlatiou of laser onset in the case 

when an active medium takes up only a part of resonator length. This one 

will be provided in our final report. A4 present ws are infcrmüig about some 

results of calculations having boon done by this program. 
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Ali figures relate to the following equations and values of laser 
parameters: 

<W3_Nt-Na     p 

N,+Na + Ns-N = const  , — = — 

« TM hVlNä     N»       x     '    ft    -hV>Ns-N:) + ~    . 

light density p(z,t) = JF(z'rz, t) dz'   , 
»-et 

output power  W(t) = c*a*[l- —J JF(z't z, t) dz' , 

gain coefficient   It = a(Nj - Nj   . 

power of spontaneous radiation source  v= hvNs/t; 

at last, active zone radius a = 0.5 cm, active zone length 40 cm, 

N = 25- i0w cnfs   {in the some cases 2-10" cm"5),  c= 10"" cm2, 

active medium temperature lßOOoc (its value effects on initial level 

population with bearing in mind the statistical weight 1, 6 and 4 for level 

1. 2, 3 respectively), x = 770.10"° s ,   T2 = 10"* s,   i= 0.51 p., resonator 

magnification coefficient  M=30, resonator length from 40 to fiO sm. 

On fig. 1 are provided curves for cases of two different programs of 

calculation — with averaging gain coefficient over the active medium length 

and without it . One can easily see that difference exists but is not too large. 

Fig. 2 and fig. 3 correspond to C*ROR of N =- 25>10" cm"' and 

N= 2-10" cm- respectively. One can see the increase in atom density ieads 

to dramatic increase in depth of time modulation. Fig. 4 and 5 manifest the 

existence» of the same law in the case when active medium fills only the part 
of resonator length. 

Fig. 6 belongs to case of intermediate resonator length; finally, on fig. 7 

is represented temporal spectrum of !o*«r pnlun in one out of regimes. 

15 
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PROGRAM OF CALCULATION FOR KINETICS OF LASERS WITH 
TELESCOPIC RESONATORS 

1. INP.EXE IS A FILE FOR INITIATION OF THE PROGRAM 

PROGRAM INP; 
{$fvt 4000,0000,10000} 
USES CRT , DOS ; 
CONST 
RP = '  - •; 
VAR 

M,U.AWL,SIGMAN,TAU,TI,T2,DTT»= • SINGLE- NV,NP,NZ : INTEGER; ' "'ul-u ■ SINGLE, 
F: TEXT; 
VARFLG: BOOLEAN- 
BEGIN 
CLRSCR; 

SSw'       wfSS^ °F CALCULATION FOR KINETICS OF LASERS'); 
WRTSS •  D»™™ ra-^COPIC RESONATORS '); J' 
WKUCLNJ   Press any keW 
READKEY; ' 
{$!-} 
ASSIGN(F, 1NP1.DAT1; 
RESET(F); 
IHIORESULTOOTHEN  BEGIN 
vmrrELN(RP, -FILE -INPLDAT NOT FOUND.-),- 
READLN; " 
HALT 
END; 
{$H-J 
READLN(F, M); 
READLN(F, L); 
READLNfF, A); 
READLNfF, WL); 
CLOSE(F); 
CLRSCR; 
WRITELNfRP, • PARAMETERS OF CAVITY -"V 
UüSSS- ' »DONATOR MAGNIFICATION       M ='. M :3:1)- 
™R1IEP,(RP'   RESONATOR LENGTH L(CM) =' L*M- 
,Y^!LN(RP' ,TUBE RADIUS AK   =• A I   - 
JS55ÜS •' ^^TION WAVELENGTH (MICRC:  i:t > wL :l-3)- 
WRrrELN(RP,   DO YOU WANT TO CHANGE DATA //YES^-NO)?1); 

WHILE NOT KEYPRESSED DO 
CASE READKEY OF 
V, Y, CHR(13): BEGIN   ' 
SWAPVECTORS; 
EXECCED.EXE*. 'INP1.DAT1- 
SWAPVECTORS; 
IF DOSERROR <> 0 THEN BEGIN 
WRITELN(RP, 'UNABLE TO EDIT FILET 
READLN; J' 
HALT(1) 
END 
END; W ;• 
END; 
CLRSCR; 
{SI-} 
AKSIGN(F, 'INP2.DATV 
RESET(F); 
IHIORESULTOOTHEN   BEGIN 
WRITELNfRP./FILE "INP2.DAT" NOT FOUND •)• 
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READLN; 
HAJ.T 

READLNfF, SIGMA); 
READLNfF, N); 
READLNfF, TAU); 
CLOSE(F); 
CURSOR; 

SSSSiS: ' PARAMETERS OF MEDIUM:'); 

iSSSfi? EMISSION CROSS SECTI°N (1^14-CM2) = -, SIGMAR); 
^UM^DENSrrV (LEU/CMS, -".N** 

' UPPER LEVEL LIFETIME (NS) = ' TAU -4--M- 

wfSS?^ ' D° YOU WAKT T° CHANGE D^ (V-YES,N-NO)? '); 
WHILE NOT KEYPRESSED DO: 
CASE READKEY OF 
*Y\ X CHR(i3): BEGIN' 
SWAPVECTORS; 
EXEC('ED.EXE\ 'INP2.DAT); 
SWAPVECTORS; 
IF DOSERROR <> 0 THEN BEGIN 
WRITELNfRP, 'UNABLE TO EDIT FILE*}- 
READLN; '' 
HALT(l) 
END 
END; 
END; 

ÄSrfÄ •' f°V^NG PUMPING ( 1/TH) VARIANTS ARE SUGGESTED   -)• 

WRrrELNfRP^lNPUT NUMBER OF VARIANT}- 
READLN(NV); *' 
IF NV=1 THEN BEGIN 
WRITELN(RP, ' Tt = ? NS')- 
READ(Tl); 
WRITELN(RP, ' T2= ? NS'); 
READ{T2); 
ASSIGNfF, 'NAK.DAT); 
RESET(F); 
REWRITE(F); 
WRITELNJF, NV); 
WRITELN(F. Tl:4:4); 
WRITELNCF, 12:4:4); 
CLOSE(F); 
END; 
IF NV=2 THEN BEGIN 
WRITELN(RPr ' Tl = ?'); 
RKADfTl); ;.i, 
ASSIGN (F, 'NAK.DAT); 
RESET(F); 
R"EWRITE(F); 
WRITELN(F, NV);     • 
WRITELN(F, Tl:4:4); 
CLOSE(F); 
END; 
DT:=L/15; 
WRITELNC TIME OF DOUBLE CAVITY PASS = ' DT2-3 • NS'V 
WRtTELNC INPUT OPERATING PARAMETERS OF THE OROGRAM'V 
WRITELNC NUMBER OF STEPS ON THE CAVITY LENGTH (NL<=40)-); 
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READLNfNZj; 
NP:=ROUND(400/2/NZ); 

3^!,(.RP' ' NUMBER OF DOUBLE CAVITY PASS ■); 
WRITELNC   NP< = ',NP:31- ' 
READ(NP); 
ASSrCNfF, 'N.DAT)- 
RESET(F); 
REWRITE(F); 
WRITELN(F, NZ); 
WIUTELN(F, NP); 
CLOSE(F); 
SWAPVECTORS; 
KXECfTELESCEXE-/-); 
SWAPVECTORS; 
END. 

2. INPUT PARAMETERS  ARE LOCATED IN FILES ».DAT: INPUNR2,N,NAK 

FILE INP1.DAT: 
30.0      - RESONATOR MAGNIFICATION 
40.0      - RESONATOR LENGTH (CM) 
1-0        - TUBE RADIUS (CM1 
0.51       - RADIATION WAVELENGTH (MICRONS) 

FILE INP2J5AT: 
1.0        - STIMULATED EMISSION CROSS SECTION (1 E t4Tvr?i 
2f        - MEDIUM DENSITY (1.EU/CM3) '       M ^ 
HO.      - UPPER LEVEL LIFETIME (NS) 

FILE N.DAT 
40    .   - NUMBER OF STEPS ON CAVITY LENGTH 
5 - NUMBER OF DOUBLE CAVITY PASS 

FILE NAK.DAT 
I - NUMBER OF PUMPING VARIANT 
10. - PUMPING RATE IN NS 
10. - - PUMPING INCREASE RATE IN NS 

3. RESULTS 

FILE  W(T).DAT 

fssÄS'sr* **A roNCToN OF™E 

HLE    PHim.DAT 
OUTPUT POWER FRACTION WTTHIN THE INFRACTION ANGLE AS A FUNCTION OF 

1 COLUMN - TIME IN NS 
2 f-OLUMN - TIME IN UNITS OF DOUBLE CAVITY DASS TIME 
3 COLUMN - OUTPUT POWER FRACTION WITSN TOE SFSCTION ANG^E 

FiLc  W_PHI.DAT 

S^SKgSESggfSS?™" ENERGY W IN AP^E *ND m PHACnON 
1 COLUMN - TIME IN NS 
2 COLUMN - PULSE ENERGY IN mj 
3 COLUMN - PULSE ENERGY FRACTION WITHIN THE DIFRACTION ANGLE 
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KCALHJNCUON VN(NV,T1,T2,TJ 
C   SUBROUTINE OF PUMPING RATE CALCULATION 

VN=0. 
IF(NV.EQ.2) VN= 1./T1 
IF(NV.EQ.l) VN = l./Tf(l.-EXP(-T/T2)) 
RETURN 
END 
RcAL FUNCTION RO(IZ) 

C SUBROUTINE OF CALCULATION FOR AN EFFECTIVE MEDIUM RADIUS IN A 
C POINT Z 

REAL Mi 
COMMON /RESON/ AL,MrNZ,DZ,DT 
Z0= (ABS(IZ)/2./NZ)-INT(ABS(l!Z)/2yNZ) 
RO=A 
IF(Z0.GT_5AND.Z0.LT.l.) R0=A/M*(2.-M+2*(M-1.)*Z0) 
RETURN 
END 
REAL FUNCTION DETB(IZO,IZN) 

C SUBROUTINE FOR CALCULATION OF A BEAM MATRIX ELEMENT B FOR 
C        TRANSITION FROM Z TO ZO 

REAL ML 
COMMON /RESON/ AL,M,NZ,DZ,DT 
N-(IZO.EQ.IZ) GOTO 1 
U=l 
IK(IZLTJZO) IJ=2 
GOTO (tL21)tLT 

I DETB=0. 
N=0 
RETURN 

C  0=<ZO=<L Z=Z2>Z0 
II F=IZ/2yNZ 

N=INT(F-.00O01) 
T=0. 
IF{(N*ALOG(M)).LT.(10/ALOG(10.))) T= ty(M"(2*N)) 
IF(N.EO.0)T=l. 
IF(F.GT.NAND.F.LE.(N + .5)) DETB=DZ*(NZ-IZO+ (IZ-2.*N*NZ)T+ NZ/(M 

P    -V.)*{1.-MT}) 
-    IF(F.GT.(N+.5)AND.F.LE.(N + I.]) DETB=DZ*(IZ-2.'N'NZ-IZ0+ (M-l.)/N 
P    r(NZ-IZ0)*(IZ-(2.*N + l.)'NZ) + NZ/(M-1.)*(1.-T)) 

RETURN 
C 0=<Z(K=L Z=ZKZO 
2t F—IZ/2./NZ 

N=INT(F+.49999) 
T=0. 
Ih(tN'ALOG(M)).LT.(10.*ALOG(10.))) T= l./(M"(2*N)) 
IF(N.EQ.0)T=1. 
IF(F.GT.(N-.5)AND.F.LE.N) DETB=DZ*(IZOT-(IZ+ (2.*N-1.)*NZ) + NZ/( 

P    M-1.)*(1.-T*M)) 
IF(F.GT.NAND.F.LE.(N + .5)) DETB=DZ'(NZ/(M-1.)'M*(1.-T}+T*(IZ0-(I 

P    Z+2/N"NZ) + (M-IO/M'IZO^IZ+Z'N'NZJ/NZ)] 
RETURN 
END 
REAL FUNCTION DETD(IZO,IZN) 

C  SUBROUTINE FOR CALCULATION OF A BE#M MATRIX ELEMENT D FOR 
C        TRANSITION FROM Z TO ZO 

REALML 
COMMON /RESON/ ALM.NZDZ.DT 
IF(IZO.EQ.IZ) GOTO 1 
J= t 
IF(IZLT.IZO) J=2 
GOTO (11,21)4 

t DETD=1. 
N = 0 
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END DO 
lFfW.NE.0.) WPI=WPr/W 
IF(W.EQ.O.) WPI=0. 
DOJz=rrri 
IZ1=NZ+JZ 
ROl=R01 + DETF(NZ,IZl,IT)*DZ 
END DO 
RO=ROl 
IF(W.LT.0.} W=0. 
IKfWPLLT.O.) WPI=0. 
WRiTE(i,*)rrDT,rr/2./NZ,w 
WRrrE(2,*)rrDTjr/2yNZ,wpi 
SW=SW+W*DT*t.E-3 -'.« 
SP=SP+WPI*WDT*l.E-3 
IF(SW.NE.O.) wRrrE(3r*)rrDT^wfsp/sw 
RETURN 
END 
REAL FUNCTION DETF(IZ4Zl,IT) 

C  SUBROUTINE FOR CALCULATION   OF RADIATION FLOW FROM A LAYER DZ 
C IN A POINT Zl TO A POINT Z 

REALMS 
COMMON /RESON/ A,L,M,NZ,DZ,DT 
COMMON /MEDIA/ PHIOfSIGMA,GO,CO,TAU,SW,SP 
COMMON /EV1/ Yl((k40,0:400] 
COMMON /EV2/ Y2(0:40,0:400) 
BB=ALOG(ABS(DETB(IZrIZttN))) 
DD=N*ALOG(M) 
G=GAIN(IZIZl,rr) 
RR=ALOG(RO(IZ1)) 
i^rr-ABS(iz-izi) 
IF(LLT.O) 1=0 
F= (ABS(IZl)/2./NZ)-INT(ABS(IZl)/2./NZ) 
IF(F.GE.0_AND.FXE_5) J=INT(P2*NZ) 
IF(F.GE_5ANDJ!XE.l.) J=INT(2*NZ*(1.-F)) 
GAMMA=Y2(J,I) 

.     GG=ALOGCTAU) 
6E1F=GAMMA*EXP(G-GG-2.*(DD-RR+BB))/4./30. 

RETURN 
END 
REAL FUNCTION GAIN(IZ,IZ1.IT) 

C  SUBROUTINE FOR CALCULATION OF RADIATION C/JN AT PASS FROM A POINT 
C     Zl TO A POINT Z 

REAL Mi 
COMMON /RESON/ ALM,NZ,DZ,DT 
COMMON /MEDIA/ PHI0.SIGMAG0,C0,TAU,SW,SP 
COMMON /EV1/ Y 1(0:40,0:400) 
COMMON /EV2/ Y2(0:40,0:400] IP=IT-ABS(IZ-IZ1) 
IF(IPiT.0) IP=0 
S=0. 
IQ=l 
IF(IZl.GT.IZ) IQ=-1 
IZ2=IZl 
Doi=ip,rr-i 
F=(ABS(IZ2)/2./NZ)-INT(ABS(IZ2)/2./WZ) 
IF(F.GE_0AND.F.LE-5) J=INT(F'2*NZ) 
IF(F.GE..5AND.F.LE.l.) J=INT(2'NZ'(1.-F)) S = S + Y2(J,I)-Y1(J,I) 
IZ2-=IZ2+IQ 
END DO 
GAIN=S*DZ*SIGMA 
IF(IZEQ.IZl) GAIN=0. 
RETURN. 
F.ND 
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NN = INT(200/NZ) 
IF(NP.GT.NN) NP=NN 
WliiTE(V)' STEP IS CHANGED* 
WRITEC*)* N=\NZ 
IF(NZLE.40) GOTO 999 

998       CLOSE(l) 
CLOSE(2) 
CLOSER) 
STOP 

77 rF(INT(IT/NZ/2)*2,NZEQ.rr) WRTTE(V)' NP=MNT(IT/2/NZ) 
END DO 
ClOSE(l) „, 
CLOSER) ^ 
CLOSE(3) 
END 
REAL FUNCTION RO(IZ,IT) 

C SUBROUTINE OF CALCULATION FOR OUTPUT POWER AND SATURATING 
C INTENSITY IN A POINT (ZT) 

REALMS 
COMMON /RESON/ AXTM,NZ.DZfDT 
COMMON /MEDIA/ PHI0,SIGMAfG0fCOTAU,SWrSP 
COMMON /EVl/ Yl (0:40,0:400) 
COMMON /EV2/ Y2(0:40I0:400) 
ROl =Y2(IZTT)/30./TAU 
IF(IZ£Q.0) GOTO 1 
IF(IZ£O.NZ) GOTO 2 
DO jz=-rr,rr 
IZ1=IZ+JZ 
IF(JZ.NE.0) ROt=ROl + DETFCIZJZt.nyDZ 
END DO 
RO=R01 
RETURN 

1 DOJZ=-ITJT 
IZ1=JZ 
IF(JZ.NE.0) ROl = ROt + DETF(0,IZ1,IT)*DZ 
END DO 

*     RO=R01 
RETURN 

2 W=ROl*3.14t59*A'A'(l.-l./M/M)/2.*G0 
WPI=0. 
DOJZ=-IT,-l 
IZ1=NZ+JZ 
CC=DETF(NZ,IZl,ny DZ 
ROt = R01 + CC 
W=W+ CC(l.-iVM/M)*3.14159WA*G0 
D=ABS(DETD(NZIZl,N)) 
B=ABS(DETB(NZJZ1,N)) 
IF (B.EQ.0.) GOTO 12 
IF (D.EO.0.) GOTO 11 
QF=0. 
IF((N*ALOG(M)).LT.(8.'ALOG(10.))) OF= l./(M"N) 
02=2.'R0(IZl)'OF+2.'A*ABS(D) 
Qt = PHI0*B ^t. 
0 = 1. 
IP(ABS(Q1).LTABS(Q2)) Q=ABS((Q1/Q2))"2 
WPI=WPI + CC*Q'(\.-l./M/M)'Z.14159*A'A'G0 
GOTO 12 

11 Ql = N*ALOG(M) + ALOG(PHI0*B) 
Q2=ALOG(2.*R0(EZl)) 
O=0. 
IF(Q1.GE.Q2) Q=l. 
rF-fQ.NE.L) Q = EXP(Ql-Q2) 
WPI = WPI + CC*Q*(l.- l./M/M)*0*3.14t 59*A*A*G0 
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VARIANT OF THE PROGRAM TELESC.FOR TAKES INTO ACCOUN i A. LiisitUDuuuiN <_/r 
INVERSION OVER THE CAVITY LENGTH 

PROGRAM TELESC 
CtiARACTER'44 ANSWER 
REAL M,L 
COMMON /RESON/ A£,M,NZJ>ZDT 
COMMON /MEDIA/ PHIO^IGMA?GO,COrTAUtSW,SP 
COMMON /EVl/Yl (0:40,0:400) 
COMMON /EV2/ Y2(0:40,0:400) 

1 FORMAT{F8.lA44) „, 
OP!iN(UNIT= 1,FILE=1NP1J>AT*) 
READ(1,1)MANSWER 
READ(ltlJLANSWER 
READ(U)AANSWER 
READ(1,1)WLANSWER 
CLOSE(l) 
OPEN(UNIT= 1 ,FILE='INP2J>AT) 
READ(lrl)SIGMAANSWER 
READ(1,1)C0ANSWER 
READ( l,l)TAU^NSWER 
CLOSE(l) 
OPEN(UNIT= l,FILE=,NAKJ>Ar) 
READ(1,*)NV 
READ(1,')T1 
T2=0. 
IHNV£Q.l) READ(t,*)T2 
CLOSE(l) 
OPEN(UNIT= L.FTIJE="N.DAT) 
READ(1,*)NZ 
READ(l/)NP 
CLOSE(l) 
SICMA= SIGMA'CO 
PfII0=l^E-4,WL/A 
C0=6.626176*90./WL*C0 

999       DO IX=0,NZ 
.    Y1(IX,01=0. 

Y2(DU>)=0. 
END DO 
DZ=L/NZ 
DT=DZ/30. 
OPEN(ÜNIT= I.HLE="W(T).DAT) 
OPEN(UNIT=2,FILE='PHICH-DAT) 
OPEN{ÜNIT= 3.FILE="W_PHI .DAT) 
SW=0. 
SP=0. 
Dorr=irNT 
T0=(IT-l)*DT 
is=rr-i 
IND=0 
DO IX=0,NZ 
Xl = l.-Yl(IXtIS)-Y2(IX,IS) -j. 
lF(XliT.0.) XI=0. 
IF(Yl(IX(IS)XT.0_OR.Yl(IX,IS).GT.l.) Yl(IXIS) =0. 
IF(Y2(IXIS)XT.0„OR.Y2(IXAS).GT. 1.) Y2(IXIS)=0. 
Dbl«=30/SIGrvIA*ROnXIS]*(Y2{i:CIS)-Yl(IXIS))+Y2(IX,IS)/TAU 
DER2=(X1-Y2(IXIS))'VN(NV,T1,T2.T0)-DER1 
Y1(IXIT1 =Y1 (IXIS) + DERfDT 
Y;mX,IT) = Y2(IXIS) + DER2-DT 
IF((ABS(Y1(IXIT)) + ABS(Y2(IXrr))).GT.l.) IND = 1 
KND DO 
IF(IND.EO.01 GOTO 77 IF(SW.GT.l-) GOTO 998 
NZ=NZ+l6 
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RETURN 
C  (K=ZO=<L  Z=Z2>Z0 
It F=IZ/2./NZ 

N=INT(F-.00Ö01) 
IF(F.GT.N.AND.F.LE.(N + .5)) DETD=1. 
IFfF.GT.(N + .5)JVND.FXE.(N+ t.)) DETD= 1.+ (M-1.)/NZ'(IZ-(2."N + 1.)* 

P   NZ) 
RETURN 

C  0<=ZO<=L Z=ZKZO 
21 F=-IZ/2./NZ 

N = [NT(F+.49999) 
T=0. 
IP((N^OG(M))£T.(10/ALOG(10.))) T= iy(M"(2*N)) 
tF(N.EQ.O)T=t. 
lh(F.GT.(N-.5).AND.F.LE.N) DETD=T 
IF(F.GT.N.AND.F.LE.(N + .5)] DETD=T*(1.+ (M-1.)/M'(IZ+2.*N'NZ1/NZ) 
RETURN 
END 
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5.       CONCLUSIONS 

The initial report by Anan'ev was the 'geometric' view.   This view holds 
that the unstable resonator has a ray that has the required integer number 
of waves in   round trip at locations outside the optical axis.   The path is 
longer, so the frequency shift is down (to longer wavelengths).   The rays 
are not normal to the surface of the mirrors, but some feedback is 
expected due to diffraction of the small spot.   Al Paxtonß at PL/LI DA had 
espoused such a view.   The preferred ray is one that splits the angle 
equally at each side of the resonator and has the required frequency to 
give integer waves of optical path in a round trip.   The spontaneous 
emission meeting this criterion will be retained in the resonator and 
amplified to much higher intensity than that which does not meet this 
criterion. 

The problem with the geometrical view is that it does not require 
coherence between the two sides of the resonator.   A 'modal' approach, 
proposed by Greg Dente3, assumes that the modes are coherent with 
respect to themselves on the opposite sides of the resonator.    This view 
holds that the whole mode can be fed by spontaneous emission all over the 
resonator into its adjoint mode (converging wave).    The propagation of the 
beam, which    keeps clear fringe patterns as it goes from near-field to 
far-field, suggests that the modal view is superior.    Both views are 
compatible since the modal view predicts hot spots exactly where the 
geometric view finds its resonant rays.    The difference is that the 
geometric view holds the two spots uncorrelated, where the modal view 
holds them to consist of two modes, one in phase and one out of phase. 
Spontaneous emission and gain at the core of the resonator should make 
the in-phase mode dominant.    Professor Anan'ev's March 1995 report 
presents a multiple pass geometric viewpoint that bridges the modal and 
geometric  views. 

An interesting variation of the modal view comes from comparing the 

6  Private communication 
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Situation to ordinary dielectric waveguides.    This is most appropriate for 
the situation where the divergence in the resonator is produced 
continuously by a transverse index of refraction variation or an imbedded 
lens train, rather than by curved reflectors at the ends of the resonator. 
The difference is that the modes are evanescent in the core of the 
resonator and radiate in the outer regions.   This is just the opposite of 
the situation in ordinary dielectric waveguide modes. 

The significance of these points occurs when the laser is switched from 
below threshold to above threshold operation.   The existence of a mode 
inside the cavity might effect the speed of the turn on, and a structured 
pattern might seed filaments in a diode laser medium.   The sum of all the 
frequencies is, however, fairly smooth, so the gain saturation due to the 
sum of the modes does not itself produce filamentation.   The laser modes 
that do turn on as the gain is increased lie at the central axis of the 
herringbone pattern.    These modes grow to fill the lateral extent of the 
resonator, replacing the light in the below threshold spontaneous emission 
driven modes.   Spontaneous emission that does not fall into the preferred 
frequencies is quickly rejected by the resonator.    Thus the existence of 
these patterns does not significantly affect the performance of a laser 
above threshold.    Their utility may be as a diagnostic tool to evaluate the 
quality of the processing used to manufacture these lasers. 
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