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1] whodlucdion

As He ﬁm:;ﬁm‘ , lee ¢ ‘y'"jal'_'“' i hos Po-/ehfnh/ a”l-'caa’:hns'
in prese ve laser Sycloms.

In Wdﬂ fo describe - he opna#y c[amclen’s-ﬁ'c of PL’”'
Co»ju‘ga# mivvoy { PCM) fn s'bnfk wWay , Hhere are fwo lindle of
hansfer mahiy have been ini volwed.

One of fhem 1 Q %04 ; ransfer madbiy which was -fm‘! Jefnm(
by 111, and Fhe olber isan o valewl_hronsfor mabiy which s
3r'ven Iﬂ.’”ﬂ{y {er.

The bolh , erbher of Joom is useful Jos omalysing ol flerent
prblons. 3

(13 J. As Young, D. Fevele, .M. Popper & A. Yariv , TEEE

QE-15 11979» 1180,
) Na.-ﬁ Shaomin & H. Ne e, thl (omm. 41 11982) 360.

2. To kinds of matix

2:1 Rag hansfer mabvix M,

fhe aris z’l ‘IO be

(msider 0 Gaussion fiekd E; ;
inciolent Upon a 'p/:asv— C“,',i‘f,m z#'w? (PCM),

E; =£,-:i')pkp[ :‘(04-1(3-:—",’,', -,—E} . . (N
where, Eithr is Hhe com,a/et GMF/:'-LM-IO of E: . This fiokd can be aloo
rithen as Ei= f;rf‘mp[i(wl—kz--‘—f?'-'—,’- ' (2
with the compbt cunrvatuse f_: . -PL - ﬁ;— . (3)

It Hhe PCM is fomed by dogenercde fom- wore mitivg [ DFNM),
Hhen he effect of the PCM is 4o «teflect» such an inciolent
]Q'QH as 4o J:'e/a( e Caﬂ'ﬁd'l{f ‘}Pf/:'c'a, Ieawy #okanfm-l ard
the S‘Pol siee unr/nﬁoa/,

Eyon &-’I’F)GXP(}(QJ‘;‘ +Ké - -‘?Lf;’i) - ;}:—J . 14}

As men-!wnaa, Dhe wf/m’d akis s aleo akﬁml Pan’la've, E;. () has

to be rerritten at Bw@ﬁf)@tp[n’:@#"l’*%"ﬁ; ;W

0 4




- 2 |
Eveglimenp[itwt- @-:,’-‘i—)] _ 16)

The conp/ox curvatine o reflocted field .ruéccl bo 16,159,
(3) and 12 1s 3:‘5@': ly [

N 7 U N

Le. y Fhe navofmi 18 toverseo , ov the pkm’ s Cﬂb”jGM ’ Hhod i
k’g we call i} - comuq thion.

It one compares the 1 tlocked by of PCM with Hhaf
of Flod veflectn and col’s . ye reflochs , 0 1oy hransfer matvit
o a,ercw'h'y he vl behavi v of PCM may be represewleol as

follows [17 0 1om
_ja
MI‘ 0-1. " (C: dx) 8

Some 103 of PCK con be eas:‘!y oboined by means of
M. For etom ,‘Ika‘l‘k{l{([ P('Mﬁm"ﬂ"m#o‘ shons of
povefron may be amf'y.rfa/ whe 1 #emefa:um #‘Mﬂ‘ an fnhomo—
Geneous medlium thore anel b k. For a Flod seflectss,
(AB =/db llo ab|_ladibe 2bd
¢/ [ea af(cd} '

2ac adibe/

r'-lcanm{'le compcn.famlcaf. f va PCM,
5

o) lca)

aﬁi/:’lj fo Compe

dP”_":’r)’azdr ~b: G = -1

10\ab
o,
i is compenmfd ./PB sz:‘f;y manner , e PCM has ol Hhe
nsate distorions even in misali K (37,
However, Hhe deferminant of Mr whie %
fo) #va! o-F ﬁ'mar qo#'ca/ .s'y.ném relation , of i

ool

)]

FVPH more, l}{ He combine 2y with Mr, #enjal Jhe »fWa«J

the inciclent pam:mlm reloded by

»
01?.' + by
= 12
?’ Cr @ + dr /

Which is @ ABCD lon for Mz . Nofe #he compmation oporadion upon
E.as qp'pam( fo the convenfiomal -/'o:ml::n wheve Hhe :'@wl Jolel
/s ho/ CO?‘UBQM nﬂfﬁ" , v is nof convenient 4o #ml f?mfﬂ--
m , Hransformafion andl self - consistord. solirhon of (Goussian

:.

(31 Na;j Shoomin , 0,4 Quardum Eleck. 16 11984)



2-2 Mfmmarlmn of Haon for matsiy

Some -L'ms, we would [ive # Ko N‘m[ 8 ho sical mnan?

bg e -;liahs'fommlrbn for o qo/rral y.r/m , or 1o wont calcula-

#rj Some Pwﬁ/em In Q Simp:> Hay ; Hhus can be done éy m&;y

a “fransformodion of 10y oo sfer matviy thyough ABCD fowraT .
0

€,
= alft + bl = ?’f = a)?, + b) l’3)
Z’ C.ﬁ-rd; C'é:”'—"i')?*l Gford .
| af «t §/V -
where , the cased means Lhe »Z:'na/ /rwﬁmaébn. Jhen, an
eguivniont {ronster mateit can be written as follons
[
{Oz b, /c.ﬁ W1 114)
Cz ds a.f, T ! ,
with del [ My)= ede-by 5 =1 (15

T4 meass ., asbirary ophical ele. wwl mayy fhus be wyam&a/ as a iy
lons with veriable focal poer 1 Hkis eloment can bo described By a
10y fronsfer mafsis |

(4) Nmﬂ Shaomin T Hﬁﬂ?‘d 1 Um'msr'g [ tn Chinese) 10 11983 1
476. 7

However, notice Hhat the eguivolont hransfer matniy is
appliedd 4o Beams , nol Jo rays.~

2:3 Eﬁu:'vafeni transfer matriy Mrx
ACCO?JI.'j 1[0 HI » A 8CD IO'H ﬁ! Mr (”0/ ‘ll‘? egm%c/ehc_e W)-

mafion volodin 114), we get

/0: b'}:/(‘rz”*d: f o /:{ ! 0}:” | ’,6,
Cr dx ar§’ + b -'E.- 1/ "% ! r

W dp.ll__r:l.J-axd:-b:-C.=l ) 1?7
od
- Gnfi + b
?' } Cx§; + d: 18)

mll,"#? ! p’vfm[y of H.”t:? i C/ﬁ”. If '8 ﬂf-
valend Jooﬁe’:“ n i L'agajlﬁ?am‘lme anol whi)
18 I'c/? :ca{/y egua/ o inch mlmm‘mr! cmm#rel/'p . This
on be also soen by Fg. 1. Inshics, He PCM acts fie @ con-
vmyenl lons for a J.-mjen# wWave ano’ [ive a a(:'wyenl lons for
Convegen»/— wave . This f"f"'m‘l siluacion is toondica] with thel

8



of [51. PCM pcM

<UD I

UnfaHm/ moclel of incident o { ref/m[m/ beams for 0 M

v, in qoamtln'caj lanquage , PCM moices /h in?je olislawe s 1don.

s a mafler of fack, He eguivalent hronser mabriy for

PCM cou be aﬁ'ml!y devived by means of Yo inciolent arol ref-

fected f:za/ wiﬁn and e ABCD low sust liko fhe dlovivadion
of fsansier madviy for (raussian mivroy .

It is commen kmnleo{jv fhot Hhe matny _mo#oa/ useol 14:
ana{lfso linear pnﬂom. Novelly, the matric methwol can Lus be

expandled 4o aralyse some nonlinear ena_as /ag as fhe

m'z#.‘i' _elmnls a.JM freqam/w( as yéw'aﬂo .

eollegunl o e cpeck o corce , 7.

V=-u . ”f)

Then | Hhe debermnant o My e‘aua/r wmily , andl He ABCD
Jawy fpr Mr is }unl fike Zhe ammlr'omj formalism [t & reasonable
thot oll of the frossformation. ( r'ncu'y oy fon Qoemlf'm) axe
embedeol in the matry clomen s anof neeo! m{a arbiicially addeol fo
the cuyuﬁale sbion upon § ;. vag.um{ly. v} is convenionl o
m propogodion , trassfermat m and self - consislont: solofion of opheal

'I-bmm,m#n# t o My for PCM applies only 4o beams
bl f 0 10 P

(51 fA Bélonger, A. Harcly § AE. Siegman, Appl. Opl. J_?_.ll?é‘a)
2. 7

As‘ Q syrltm#cuem,:/v, We .arejw'r\rj Jo dliscuss some main
Pfoporl:'ps of a sevies of phase- conjugate tesonators 5 meons of
Lhose tn0 matrices n next Sochion.

3. Phase - (on!'ugm‘v yesomators ( PCR)
31 PCR fomed bj a{gomale Jour-wave miring (DFM)

There ase 4o kindle of matniy npmenﬁ#m for PCM have boen
3:‘ven . w'lﬂ' r’/ K} WM'?I“! 14 % 1“! qw'mé»/ W"
matrs My omol someliwes ne hove o use he say Hransfor matnk
Me of o is recessary fo consicer he characterishics of bays .
We shall “f’l’lj M in 3-6 owol we a:rjwy 1o dbyive ﬁma/anemélf
mocles amol some ofber Mﬂ"&f of vavied phase- wyuga# pesontlovs
: f0




by Mx foom 3140 35 |
Now . e considler Hhe e se of /am oscillotion in a vesonator
in which one of ke ovelimary mi vors fs vepleceo by o PCM arol
which i 3enera-[eol by DFWM as shown i 532 The R is Hhe
vadius of curvafure of real mivr (RM); and a, b. ¢ avol of ove
matyy elewenls of fhis op/:'m/ ‘ y.h@m for “"é"'{'{'f Prom e PM and

enalary on the PCM bed o /wdy the PM and the PCM Hhom-

Selm‘. Asl@)
R . \
a Eitwr  Etw
—_— | P
AN ) | e
Fiy.2 A PCR fovwed by D WM A,a.n\

Led us cramine Hhe PCR ¢ ms:'s#y of p#}g/q real oplical elements
of firsk. On the PCM surfoce , Hhe fransfer matviy Jor one seundl #ip
8 p fab) 1 Oo)dby 1 0y [ABr)f1 0) 14
| M-{M ‘%1 /ca {‘%r)'{c’o»_/'%f)' cg), 200
woth ADr-BsCr=1 amd HeDs 2n
Im &elf-cons'.-' "

P 1.1 :'23_ Cr-20v/P+Ds/§
§ P KW M oBiptB/g .

- 22

n

Con:paw He ima inary parf of His egualily , ! is an idbnlica] egua-
Fiom of Ofojjwdconpam#om/pa{ylof#,gel 7

2 4 .
(%%"—) + (—g—-&)’: i

I} means thal there /s not any unigue s'a#'- consistend Pransverse
mede for Hhe PCM cavity ﬁ;mn’ '41 DFWM witlh purely veal
gpl:'ca] elomends which is shown in frJ 3. Thte osult is identical
woth 'H!atl of 5:'ven in (57 in whieh the Co:r}' relation () jas
0{"?“‘1[!’ U.!'?OI . ];1 ﬁlﬂ[, #e / :'m;fy of’ Mdﬁf 5 ﬂth&lm// Uh-
a{mM when the PCM s Wﬂm' as a vanable mirwey.

{23)

Fi9.3 Modes on Hhe PCM
| hi?z-l is fowmedl by DFAM ,%':"3‘ ! I
Dasked line - pith purely vea! J70 ™
ophical elements S N
Solid Iine - with Coup/d' opllm/ / \‘\
ekmm(c f . i
Ar 1Bri

In view of Hhe Gaussian sefleckivily of PCM pumped 4
(oussion beams [ Ai10) andl Az tws €63, My 1169 may be Jvf:]‘:‘kn
s [ 7]

(6] P, Tiebino d A.E.Siegman, Oph Comm. 32 (19800 1.
1 Jow Shoowin, Hong Ychon & 1 Jom, Acta Gphea Simea (i Chver) 2472 12



1 0 :
Mlzl'l'f%+7;?) ’) ) 124
Then, on Hhe PCM swface, # - fsnsfor mafsy for owe mm/vlnf) s
AB _ Ar By I, 0
/c o}'(c, m}(-%+%J 1), 125)
Impm self.- cm:‘rlvngy '
111 C»-D»lf*i%j'*%(z'--#;%) |
P M2 A-Br (54825 45,‘%-%) . 126)
Compare Jhe inaginary part o { Joe teal park of #45 equally ,
el i s ™1 1 P

R s i)
I} kae been shown in F:'j.?
The point 0 in Fi9.3 1: @ cribical stote. O which , Hhe
SPOI Side -l'J" the Iﬂb’ylht in the Jlﬂﬁfm"k modes andl & #( Smallo:-l
in the inolefinile modes . Mihere

p: By /Ay and ‘12=2’Bﬂ'/t . | ‘1?3)
e define |G=a-b/g], o d |g=d-b/] | 2
. 3

then we get - Fet— |, od |wk 221061 . 6y
By similar procoss, Hhe fumolomendol mode on PM con be aleo obfaimed
as follows L 3 I [T Y Y | (31)
Combine 130) with 129, we fimd
. 1GG'=1/2 . 132)
Therefore , PCR formed by DFM Fley ase uncondlthionallly confimeo| .

P eplmbalvbn S'/nluli{y of Hhem is similar fo Hal of convenbionad
opticol tesonators . Anol Hey have Hhe abilily fo compensate olis-
tortions in Fhe ca-w'g ; however, 63 Hheoreticad analysis € 71
and erperimental olemonstration 81, He laser mus{ bo
ehlm\ﬁ from He PM.

32 PCR fomed by DEAM wilh aperres

It was dlitficull 4o dveal PCR wilh fimle ~aperiunes ohcopl Hhe
« Semiconfoco] PCR» ( R=L.) which was oliscussed by means of
inlemJ epuotions (91. - | |

(83 RCLind £ D.6. Sheel, G/ Lodh. b 11981 554 .
(9 J.F. Lam & H.P. Byiwn , Opt. Lelh. 511980041, 14




However, as anaf eol Le{m the medes of PCR ﬁmol by
DFNM are smu/w 1{a #&1 0- canrenﬁma/ ?P&Wu as .67 as
one consiclers PCM ; sust fike 1 ?oom lens which adl depe wole on
inclolenl beom . I+ offers po. sible 4o find od a Jﬂvhbal resonator
efwva/e# Jo avbiprary PCR ;«# J' Then, the olittraction
losses ool modk h[fach o, amy PR cauldd be solveol by means
of kvown numevical solubions of rhr €y vivalew J‘p‘em'a/ Sesonate.

FN' amrllcr-{y PfR M-M apmlum A J‘/nlm n Fj
4. Then, Hhe parameters 129)- 132) will be simplified +o

9= 1- L/p g r- Lp ; (33)
P=2L9/1209- D Wi=321L81 ; (34)
P =R , Nkn = "',j’"’ (35)

o 99’= 1/ 13
M

F, 4 ", oL
PCR formed "'" N | PCM

Hm#af»/m: Qe
l' L

Gmralﬁ{ speaking , yesor or with h‘um‘ there ave five paa-

mefers — a:, a., l?. R: ond L 4o Jo#mne the beam pwper/wr
15

Bg Known #avfavmlms [ 101, only -three malopenolon-l pameku
occry — G, Gy and N:

= Q, Gf =9,(/ax) , ' (33
N=a 2/21' [62 2G, (/1)

I8 is veasonable dhal assume the tatio § betnen Hhe yaoli of Hhe
hlum' Q1.2 ond the tadlii of Hhe spot sizes Wue fo be idlentical
fot bodh mirrors, i.e.,

i/ =0s/He =S . (38)
Combining 1382, 137, and | -
iz Rl tesg) , 8
getcms gl G =j3,—9, , N= s‘/nm , (40)
Then, a. vesonader with apeviures is complelely characlorized by

o paromedens: § and _9@: Wlich m#a#ﬁ*wy
dvic resonator ( 91.92) pith aa’ap’vd a,m-/um there mghﬁwd
a symmedvic one wth G=[9.9;

v Substiduting w‘g) info 4 fov PCR with oporfures , ge (23

g=1/dz , N="-,7—S" . 149)

(107 T.P. Gordon & H. Kgelwix, Bell Sysf. Tech.T. 43(1964) 2873 .

UD HP.Korke & H. Weber, Appl. Opt. 22 (198121936 16



Dn equivalence sphevical symm ric vesonador for Pa? with aper-
-lun:’:lwn Fhas Bf’w found J(’»J the number of :H:zmbn# characfe-
vizing parameters is voduced lo only ome : the factor § . The 9

ond g' factne of DR in +h confinement oliagram andl ifs eguiva-
lence +ransformation ave Shoi n in Fig. 5. The eguivalent yelodion
beteen sphevical vesomadors a d PCR con alto of: (127 .

For erampla, f We
select §=0.709, a relation
between Hhe power foss for PLK
with aperlures ond Hhe facks
8 15 oblained by means of [11"
as Shown in Ffj 6.

Power loss %
oo

'l.l M o12 13 14 15 I-I'S

FAPT
Fig.5 99'diagram and e oguiva-
lence ngfoma\‘:bn i
Fig.6 Fowes loss pes full yound Hip
of the PCR vs. adaphing
fachy S
17

(121 PA. Belomger, (pt Eng. 2111982) 266,

ij

3:3 PCR formed by mc/egenem/e FAM

Fig. 7 R

\A.rw

APCR fomed by =L 2
nondenevate FNM ( } PCM
ALY
3 2
A,(w\

It a PR is fomed by mondegenerate FHHM as shown in Fig. 7,
due fo He pruehcy fl']’f"'\'j natwe (137 , fhe reflected ca-,n/or
vadivs of curvature §r which 15 relateol 4o Hhod of wncicdent £

1-d/w

?'g-?',",( k= 1+d/w

Then, the M is erpana’pal o '

M ’/ ';%-fft‘:f/w))

with el (M) = (8/u)?-1 ;
ond fhe Mz mllke{pam/ed 4o

5§ [kttt o
ki /’2/P: 1)

wlh ol 1M1=kt and deb L) < 1

U133 DM Pyper & RL Mbrams, Ok Lelt. 3 (1978212

(42)

(43)

(44)

145)
(46)

18



_BO”‘ MIJ aﬂd Mg #t:l! aw eé u:'yaknl ‘Il”"-“lc'? m-ln'mr. //e ore
Qoing o dlevive Hhe fundamento. maces of 1f by mears of My cu3,

I4is cleav, Hhee is mof am u#-mm’r/ml- mode for ome roundl
Hip for such a cavily. At He POM suface, He fransfer matviy
for 4o Younof -»lnp: s

Jg b/ OYAH D K"OEA}BJ 14
M”’ {Cr Dr)('2/ﬂ l)(Ct 0 ('2/5 ’} {(': D') : “

SUI»J:'JU#»:} 147) info ABCD |iw ond f;ﬂposfy S!If - t'oh!‘l'h(mafj, je‘/

A= E%/ 1£4h) , ard W= r:: [ C;H:,Af:d"'/u’) Z’,‘ %)
the mede is fired for the PLR with P“'{/y veal oflf‘m/ elomends.
BJ Fhe similar process, he jel Ye beam po vs on KM
2 242 *hdlo 1Y
=R, and s = w(ztd'f*[dafcf I 1’4',4;62 )Jé 4]/
At‘coml:‘:-j 'lo 1482, (49) ardl #o a/ﬁer'nam[ selodion ( 44),
a confinement conolfim -fos pey fmm/ @ m»aéjenem# FHM /s

oblained 1Al > 1 - 150)
0r, {aran emp/y PCR, we hav
059, 9>1 » Hith 3= 1-L/k. (51

(141 Yo Jum, Dong H"fy""j 8 W n Shaomin | T, Hany,:ku Unims:;{y
{in Chinese) 10 (1983)8 . 19

There is nol any mno_{ejenem-r; mode in such o PR for owe
yound Jn‘p, but Hhe wodes are there ardl £ired for o round 19ips
even the PCR with pun& real op-"c:/ clemends . Homever, they are
nod ancano"ﬁbna/_/y confmeo/ ) #ej e wol 5‘01113‘-/;?0/ fhe condlition
for a{ym:‘c stobilily ad they ave wl swre whelher satisfied per-
Furbation Haﬁ:’/c'{«, . nﬁﬁcw , s mol an foleal Way fo tealize
o PCR if shich is formeol by nonctogenerde FAM bosics the
lrp{/ml-'w'{q is fow . ’

77:.'.3: ate refumed fo PR {'ormol DFWM. Ulq“ﬂnmlrﬁ,
of e woulol lixe od umolisdortion oaffw-l , The pumping beams are
ngw‘ml p»fx}y " Irwﬁvﬁm or in Cuussian which s umealistic,
One of +he appwaches of surmount Fhe ditficully is PCM furmed
sfill ly DFWNM bt mao(cpam‘ve { 2 M} 157, and
0. PCM procluced by stimulated scatiering (S5) (167 is obber
way fo overcome Fhe alifﬁ'cal{y. ”

3.4_PCR formed by stimuloteol -catbering (55)

U183 M. Growin-Golow; B. Fischer, T Nilsen, T.0. Niite & 4. Yasiv,

Appl. Phys. Lebt. 41 (1982)219.

(16 G. Gulan, M. M. Denaviea~ Rolerge & P.A. Bélanger, Appl.
Opt. 21 (198213917, * ﬁ'je ”_20



In ordoy 4o aﬂa/‘ysp funafan wial madbs of SS-PCR _ we had
beller 0#?’ a .S‘m'w(alv/e Fron ﬁ» Inalﬂ')( o aﬁ».rm‘b Hhe o;ma-/:y
pwpfhfy of $5~P(M :‘f'n L. Hhen a Gaussion beam 1 Hi. fr)
18 inciolent on a S5 medium , Hho scaftored beam is shill
Gavssion bul saith a beam 5 of size éy (16

MNes= BN: 152
avd a radius of curvadure g pmrr'm;é_/y ﬁ_y
G=-f; | 153)

Where, e B s a cslont, phich vavies belwen 0 and
1 ond which is veloted 1o He %m’@of/lv-ﬁbé/wmfﬁ%jmh

of the precess. nmﬁrf, Heo velation betweon Jhe 19{’/&\40( (scal-
1oed 1 beam anel Hhe incickent. beam con be swtiflen as

1) ! i H 1A .
A TH? P EPAAE - 154)

Its clc'Him” # -ﬁ'mxf a 1wy +1 nfer matvy for afo.rt‘h'by s f’“"”"
menon . However, an o;m'ya/w [ hansfer motny con be foumof by
meons of ABCD low as foll 5 (173

] a!_b’ - 'l’ Q2 0 .
l Cx dy '/‘b?.-“% 'p%%) 1 ) | 155)

!

[17] Na:y Shoowin & H. Nebes qol;.«a Ak 2111984) 9771, |
| | 21

will aldl N TR (56)
S3-PCM may Hhus be teqarded a5 a_Guussion reflockivily mirrer
whase curvature fs :M';a{/q eﬁaj 4o Hhad of (ncilend boam and
whose tef lectiv'f _ ?of:le ole on

Ri= Proyo™r (H7/pw (59

Nh‘- on/j -/lc veal Pah( of matri elowenl in | 552 15 a vavioble bel
olso Hhe imaginary parl as well . If =1, Hle vasiol Gaussian
n{/oc#w;g will be seciceol fo uniform ‘ref/«\/:'n@ ardl Hhe fronsfer
metriy 155) will be socuced o 116).

Aff(y o'em'm/ml tronsfor matviy for S5-PCM 1551, ABCD

o and impose self- consivhoncy ; He inciolowl. ared scadlovecd Soasm

pamnoﬁfr of $35-PCM suface ave obfaieol as follows

Pr=8v/as =266 /12dg-1) , 158
b e -Bs /Ay = -256/ 12dG-1) ; 159)
Ni=218u/mg=221661/8, 1607
ad Ne= 1181 Bfw=22(61 8 . (61)
Nolice Hhod e rpol:‘:?eof scattereol boam is a‘ﬁfemn!fm Hhal

01{ t'nc:dlm[ lmn, :-'i[ o J‘:h:'/ar 16 / M m/ t'M'm/ with) 40/ ﬂ'f
(aussian nf/mﬂ'w& sesomafors . By Hhe similes process, Hhe incidonl
awol veflecteo] boom Pamnﬁ‘r.r ol PM are jl-, as

2



Pewi = bing? [[a11483-268%) 162)

Pre = b (1485 [C26-a(118%) ; (63)
and Namy = Wit = 201182107 1b/61 . (64)

The vadlius of veplechol wavefsnt cumadine is dlifforemt from thal
ﬁ incidend boom in value, and Hhey are mod. coimciolend sl Hhal
RM. |

At‘com/:"jw[v (537, gel |
6612 | 185
71..'.:,.9 are 39”»3 cloar, Jhew ase fitocd mocks i S5-PLR even

the POR wilh ’pun/q yeal qpl:'m] elemenls . They are umcondlilionally
confined , absolriely J,mn‘mt@ stable ond slable againsd por—
{ur‘a'/l'm , as /on&;a‘r’ Bt - T

The -f:')mf mades on the S5 1Bs12 |
- PCM are f//u:lmlfy ' R W2 Yo
Eh 2 N

For the futme, S5 y e
-P(R as pracfical dewies, / A
which could be recommendled , | L
p’ovfafd fo jel [:'71" o- 0 Ar 1821/

Fig.# Fited modes of the

civily of S5-PCM. ,
fle Vrﬁ f $5-PCM in a §S-P(R

23

3:5_PLR formed é{ .rel!-gm:pwf' FWM

Recent years, Here were o bl of successful ek‘amfmnla/ Works
= PCR formed by self-pumpeol FH11 sk save prosenteol (157,
(18,1913,

It is :'mfarkn'l fo define a sufable mafny anol fhen 4o
501“ s moo/ﬂ‘ how,

In #his case, Hhe re{‘/m(m& protile of PCM a‘ywm(f
Pin = Ruoye~ 166)
NIUM’, Ni 18 S‘W‘! si2e of &w.sw'ah irieam J'M:% #P can a.no(
icident on the PCM itself . Then , dhe veflected spot sive m
5 .méjec‘l fo e-y*/”': - e-?%,f_ ¢ ¥t ; 163

on b1

o Wy = WillZ . 168)
TL. Iﬂ{nl #wﬁrml:bn coulod thas Ai‘j.-l

t 1 42 1 212

O KR P THE | 69

(18) RA.Me Farlonce & 0.6. Steel, Opf. Let. 8 11983) 208
(19 3. Feinberg & 6. . Backer, Opl. Let. 2 11984)420.
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Arcomlr'nj b ABCD law , an e,m'm/m! #anrﬁr madsiy for .Jor,
4

cn'b'nj e OPHQJ[IM of sely Pum,ea/ PCM is given [20)

OI bl \ 1 |' 0

o) |5 1) o
With Oxds~baCx: 1 . (1)

nten, Hhe beam param fos af .S‘e/f-pa-,pd PCM and af

RM and Lhe m:'npw of § Jlf-;wnpm/ PCR are obtaineol
iz Bi/Ay = 2b6, (2dG-1) , 192)
Pr=~Bs/Ms2~2bi; /120G ~1), (73
Wiz BBl /x =52 b6 (74)
Wiz 218:1/gn =% ZIbG! ; (75)
Peni = 3b /130-26. 196
Py =3b /04630, (3%
K = Hewi = 2 < £ | b/g, (78)

sl GG'=1/2 ] | (79)

The prperkies o PP 1 omed by self —pumpeol FiIM are very
he” ,‘u.hl IJ'I’P ‘”M SS*PCP LPCO se l'.‘\l' ’$ G.S‘PPCJ'GI'M? of SS‘P(R in
case of B=1/[7.

(201 Nﬂ':, .S'):am‘n (f K'GDMH, | nalmnja/ mocles of .S‘elf -Pw:poalh
PR, T. Hwyi‘w Um‘rm@ (. Chinese andl in ﬂ-»\lfj) 25

36 | M;'m/@menl sens'r'»liw'{q of PR

Amﬂgl He PCR have "ZOI a sevies of mee pnpenl:’m, buel Jhe

m'.s'a/:"ynm! pbmmm as been obsesveol [17.

Lel us consider i o
PCR formed by DEWM in Ry L TG
which Jhe RM o1 fancl the led) ‘@’
PCM is fore misaligned RM \ A
as shown in F:'J. 9.

For a mr'.ralr:’mo' Fv:]? A m_’fa/:"ymol PCR
orﬁ'rd element plich con
be reateol by an augmented 414 mabrix. Buf mle Hhaf on eguivalent
fransfer matny Caualyr:'Hp augmented [3]. Therefore, e have loagnm‘

M: +o amalyse Fhis problem. For Hhe m'mlw M,

M;: { o 0) (0)
047/ |. |
It means $hat Hhe PCM s m‘.ra/@mnl insensidive cloment . For Hhe
RM, ) J1000
M.pﬁ(%' l:?-?) 181)

n""; #'P alisp’acemen-! of Yoy Y2y anol hy .h(em'y ar:y/e kn’ on PCM
26



caused Iy filled RM can be caiculated by D= {-I-H% -é—'v 185)

You 2
?;;, z

1

)

10 @b )[10001(d5 |/ tee AB0-2db)| Ve — .,
R B 2 B e o e T ol bl
With A=absbc-2bd/p, B=2a-26%/R,

0ol o /01 Q= 1/0 ; then on addhonal foss of ~ 103 1S caused , in case of
9y 8¢ Q. /H, = 02/W2 = 1.2. /) velatian be ‘ween Dond R/b is shen in

C=-(2¢d-2d%/) .  D=-fed+bc-2bd/R) . Fig. 1. T4 shows fhat the misalignment sensitivily of PCR is lower
It Hhe ray Hravels {1 o youmo! _-In'pr 1n the PR, we find 11:?;. :llml of s,p’mn'tn/ yesoma-tors ;mjp[ R b . It is comvenient fov
- [ABoO-2ab)2 0 adjusting. .
/cogzgd)=/r;:£) | 134) | D,, 3| m;ﬁ"'.r“'”"
0.+ 0ot/ Fig.11 Misalignmer! (7% srusihivily in sphevial
Which means Jhat. ol of He roys cve self- veprdlucing and cur-aligmment  sensifitly fov PCR 2 pantion
after o roundl frips. For sinplicihy , Hhis situakin is i brding in Fig. 0. |
' As discussd M e
Fig. 10 Gromefsical You befie, FAM awd S5
Variatins of soys coused | PcM Mawpnﬁclﬂm ) : e
by Sifleol PM in an Y2 _m,,jujdp Pl"m -1 [] 1 2 3
emply PCR B On 4o ofhes handl . There are some plgalral flm'ma Ikich har al;‘/@
o 4o componmlv disdniions ( e.9., Comer cube oy (23] and seb laser
Subsklubing 4 int (243 ), 100 They woe colledl psecch- phaseconjugation , oy caled sme

ll:'ln]{'gmni- sensifivily famm/a [213, then We have [22) Hhing as gou pheose . ny o useful ol Simple in pmlire.

) I ‘
(21) P Houck, H.P. ] . ' (231 D. Mathion § P.A.Bélanger, Appl. Cof. 1911980) 2262,
(22 powg g;m,,,,-,,P Izﬁ g’jﬂ /:é;?,,;ggf I, ,.,2'4 - L 1180598. PYR o J.M.Eggleston, . 3. Kane, T. Unfernak rer & R Byer, Opt. Lekl 7!:9::)4:5_
’ 7 £9 . _ 2 |




4. Some psvudo-plrm-cmz,-c ofe plmm

4:1_A polished vod solid sieho lnser

A foce , face cooled , slab 115er in Which the ophical patl inside
he p:lnmﬁm undergoes fotol indernal n{loolmap‘#o ep,;fl of the .
M-—Mr'cafcf:w&'mf can i o deoluced £24,251.

Then, a_viewpoind on shu lasers having iirdrinsic pseuds- phase
~Conjugate properdies was propo ool and some demensisolions were grven
[261. It »'-g'lw useful 40 ara yse some other slab lasers | o, 3.",
slab dye foser £221), |

This concept is opand, 1 4o a polished rod laser 1281 . The
principle of vay and beam 4ra 1sfosmation for indermal reflectisn in
a polished 1ed i shuwn in Fic .12, amd some dlemonsirations are
3:'!0!1 n Fg. 13. _ .

(253 T.3. Kane, R Elvardl § R.L.Byer, TEEE 9E-1911983
1351, _

(263 N"‘J Shoomin , App/. La s [ in Chinese) 4 11984) 109

129 V. Pivame , P. Mam'yﬂi ip Burlamacchi , Jpp/. p‘jx. B35
11984) 71. y J”'M

(281 Ying Chengren, hong Shia ;ing Shaowin, /] re
al?dj ofjpo/:bhjg rod [c ey, 4o al:;.gar. 29

Fig. 12

A principle of
hansformation
for informal 1of.
focthon

Fig. 13
Demonsirafions
for cbove
pﬂ'nc:'ple

U= 190

As discussed in 21, backward- ing Conjugator hove
051'/:'19 4o cmpenra'/ﬁ isfor-fions Cm’? é] Ibm Mjr:[
In #his case, for a foward -going psevch- comjugator,

AB). [a:b: by iQe~biCp Qubs- bl
z (€0 ) (e do Nk ) 2ttt )
of (::}'/;j ' |
then the cmpenm#:g condihions ave obloinedd . A. Hhe hansfer matny

elemends e iddnbical fov both sidhs: ond B. a=ol. I} He tool wit
leﬂj# dis pamp«/ symmetsically , the indler olitthbutin 1 3 olivec~

1864)

30



Fion Generally apressed by | T+ is clear, ho safudonergy and diyranic sabilily of polisked wud

W= (11892 (377 loser ave bedler Hhon Hhod of convenion] mughened vod loser. Buk,
Fhe mede structures ave vather complicated. Even though 50, /f has some
-”-c comsponafr'nj "y Jmn.v{'e . matvies are imdyinsic pmalo -?lvare-—cmy‘aga-k !Mﬂ»ﬁb: and 115 one of the Simple

a by [chi)em) ;=ShIi) ways Jo improve solicl ede laser in some inolustrial applicadions.
(cd): {-Eg,sf?;@li pZWLﬁ? AR - |

and /a b }= { CorlVBF) [ 52 S IER) ) o - e (39 4:2 Spocified amoys as pswds-comugators
Cd/) |-DRSnlleg. Gs(1BR)/ '

The both . 188 and 189) the " are satisfied condilions Jand B, On Jhe other hand | Some wmels were domensirateol hich Show how
Then a setof po/r.'rh; { s0d leser anol an ancfher s of ton-  corner- cube anays have been used 4o approtimate plase aaygalba,

ventimnal voughoned vod laser waols of the same Nol glase for com- ol usedl on laser amplifier ot Zf‘m] esenafors compensoted opficel

~ poting Hhe arfpuf propesties cve Shown in Fig, 14. l'nfwmgm#b& [29,301 (281 . Generaily , the comer- cube arrays

| were the common p/anl-'c reflmef/fclm useol on A:'c:yc/n anof lglmy

9r
F”. 14 ﬂk““ M Iﬂm 5‘,‘ 1Ty
St "\ l——t— —‘\,.—'-'/\‘-’_‘ : 5 ’ .
| It U‘#N 'rh’ CMH) L‘ S/ S‘Fdalf””ﬂﬂ o{jmef[n'mf DP#N‘ . Bul, :'-Hr ﬂﬂ'ﬂl'-
ﬂlplh'n'l: 4} cult o analyse the rovel Phovomenn éj means of classical oplics be-
o sl ' cause s ;'maj:'ny Is not sure in (Taussian, i.e.,
polahed Rou hened 1od laser | 4. -
tod B ‘ TR 190
o 03 k
laser .§'? ! (Withaoh {1 cokd : is not sure sakisfied .
‘Tt } V.K. Oviw, Ya. 2. Virwikt, $.P- Woredilin, V. 8. Gevasimor, Yiu. A. Kalintn dAan
— — [29 Sagalovich, Sov.J. Quantum Elech. §11978) 299.
i 2 3 4 6 72 8 9 10

(307 H.H. Bawent & S.F. Jacobs, Opt. LeH. 417979 190. 32



It the indl:violual apséml cloment of anay ) anmyeo( " ¥o-
3uﬁ¢n’{y , i easily Freadeol by means of augmented 414 matnitrs1,
321031, Then, a conjugate dis.ance eguakon for a;ynM’ra/ maging
of amays, @ ray fronsfer matsiy for avvays aml an eguivalent hansfer
matny for amqv.r can be olevived as follens :

{L‘;ﬁ-)u +b

. (91
L {-d;—')u +d ;
G be | [IReD-D/r b
/C‘ QJ dsofe o/ , 192
Witk dlet (Y1) ardh-peci- (dR 2 4-dl3 /R | 192/
a‘d /Olb' / e (/] ) d /f d 0
== ). 2 = [tden) /R 1
C_I d) gu'd-—'. n + —y
N G R =Ry T R )
with  olet (M1)z Ordr-brga- 1 (95)
Nhere, R is dhe sadius of Hheary ; a.b.c,0l vl S are say fransfer

maity elements and Geometvical 4. ckness of inoliviolual eloment andl the
upper aol lower of "7 " anl "t ' ‘Hoj aﬁ!y-/v ﬁmam/-jw‘:y anol
barxward ~Qoing anys nrfmlin /{ . :

[31] Wowy Shoowin , T Hm,d..w.mf'ly 10 Chinese) 11 (199429
B23 Wowg Shoomin, ‘83 ICL, Chive, Swp. (1983, 33

Led us seboed opﬁ'ra/ olemenls wilh
b=0 , d=-1 (9%)
o -ﬂm a p/ane aray [ Rxos), 191)-195) nill be seoluced 4o
V=-u ; (97)
Qr be ,
[Et;}ﬁ;_f)’ Mde!(gw-:). 9%
O (EE) ) b

ﬂg ave identical with dhet of DFIM . Tal is Ar!y Comer- cube arvay
has ’jﬂl M—p‘dx- Cbl?lyﬂl\'pwg . Am»Jty to condlifion 1 %),
sowe new Hypes of armys wko can pesferm appmrimate phase conjuga-
Fion iehich have boen offeredl . Ore of Hom is " GRIN fibes amvay 331,
anol ofher i's boao] arvay (34 and a J‘:bplc olemotiration nas ilushra-
deol in [31. Some pichnes of fhese aways are given in Fig. 15

I f Ke eramine #m th " dqcul p She l}!a(:'n' Py
mend sizes wil] intwoluce addifimal cbevations r35)

(351 Harg Shoowiv, dha Gusheny Mo Miiing . fong liawbas & Tian Lijuan,
Acta Physica Sinica (in Chinese) 32 (193321357,

(54) Hocm Hesoi, Jion ioming . Chon Vigl 2o T, 2o Tiomin 8 g
Shoomin , A”I. Lasers (in Clinese) 3 (19832523

B33 Wang Shoae, Topiol Morlag on GRIN Systoms, US. Ap. (19847, 34



Beaol armay
0.07 mm

Cormer-cube array

2.5mm 09 mm

F:j 15 Some a»a].r who can pe fovm afprmhfr p‘m cw-j:ya{:'an
VIPE ;qu__;: { {au+h)- ﬂ % ljmyrmd/ﬁ?}md]j /y 1100)

I case of 196), # will be yooluced Fo

duxzoicu-2) 1to1)

Where, 2015 r'an'In'Jml c/mmt size, If o s Aas'm” P a’r'-#lac#h of-
fx-h will ‘0 Mﬂﬂ’d . NL:‘" Qe SLOHH " Flj 16
Corver-cube away

Addifienal
aberrations

Poin}
Away

- Em e

Beadl array
Superpositon of
No longer peini ::;:ﬁrd.{-

Fig. 16 Abenatin and diféractions of anays 35

A(‘corJffj v jmm/:?m/ Prestel number (36]
Ne -5+ ) -y

L[ -ﬂc :'na/;'wdaaj e/@l'ﬂl Si2e is J‘m’:’, #f nm&r 0{‘ #_o e‘m»[r i
lasge ond an image rq.\\/en 15 followec] +he anay ; a ckun'nq:%q

coulel be gof , ard Hhe diforfions could be nsateof . An example
it 3:‘wn n Ej. 17 .
ke A

mg

Al ar

i vy

. Pb”
Pichwre minor

Pictare "
Flj 17 A:'I? fo conpersafe olishorlins $11a uamy

As menkioned before , some spec fieol arags as p.rpuaé-cmiu-
Qators , they are not veal phase cwuoation . Flowever, The arays
have significont potential advantage: %, tespectfo nonlinear
Conjugation ., they arw passive olements, Fhe vefurn freguency alwoys
eguafr the :'nfl;/ fwfueng ; 1“0] have bﬂﬂ' Wreas orof M’ﬁdh/y
weak $ignals con be comjugated besides fower weight , lower cost

(363 fan Dianyen, Acle Gphea Sinica (i Chinese) 3 (19931319, 36



ond 8fh_pln'c:'{q .

AC knonlodimnl

This seview is supported b .
redical ;;"‘;:c: UPPM & oe Trlemalimal Corre for Theo-
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