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of the crystafﬁ?%s‘é‘u%;&t %ﬁe‘%ﬂwm o) SnAahicnssofor of e pRopTp=cbeRyN and. ¢ he
optic axis or by variation of tenperature so as to change the

i ndices in the manner discussed in conjunction with FIGS. 2 and 3.
Tenperature variation is to be preferred over crystal rotation in
that it may pernit a constant [err] value of 90 degrees, so elininating the
40 restricting effect of double refraction. FIGS. 4, 5 and
6 dep| ct deV| ces ut| I | ZI ng the pr| nC| pI es. outl [ ned above I n FI G 4

. - . I
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Filter 5 is of such nature as to pass only the wave of concern, in the SHG

I nst ance that of the harnonic. Apparatus 6 senses only that portion
of the beam|eaving filter 50 5. The value of [err] may be varied in
body ‘t—by=aftering the angl € bet ween beam 2 and 50 the Z axis, as

by rotating the crystal about the Y axis. As has been indicated, the

maxi msm bi refringence is obtained for an angle of 90 degrees.

The device of FI G 4 my siml arIy, be regarded as a three-frequency

devi ce, Wi t h ®beam 2 cont ai ni ng fyequencies to be m xed or
consisting_of a punp:frequency. 55 107W8er t hese conditions, exi®fi ng beam
4 contarfiy Si gr}% &%g‘tﬁi g!z §{1cor£aﬁﬂ €e§ tﬂéc%iléauoﬁs% introduced is FAIfEHTD,
representing tmr,ée,vh wies iif or ‘nondegener ate operation. * For any
oper at'i on,- whet heﬂ&msﬁMmqmmyommMIaeehe igitifl] msmvn:;nrrcwsqahérleabfed by

resonance 5 Suc Ppmms °f FI e qt§héﬂbmgsﬁg;% asllﬁg%ces of
crystal t hr ,1 ply' by controlhﬁé1 ﬁém Ithe COAt 1 NQ
may be partral I,ya ﬁdseﬁnm or a gener at ed requency, as 60 for

exanpl e for t hedlgmﬂarmnhnc of (FIGHGs. Wlﬁ@rutthkﬁe thehsphagic
desirable 60 15 ““‘?r’%‘f g’aﬁﬁﬁs‘%ﬂtp Q‘%’ﬂ‘%&‘é‘fﬂ *‘%ﬁrﬁ?ﬁg imst tio
i nstances, "t hi sg ﬁ{e the phase—mat &ﬁ&h&nnﬁr

crystal, and i tﬁéqaenaecmmye 6fCFIpr OV, ﬂmearr ur@als unwrmvesqﬁm unhzmg

adj ust abI e mr rmemmmrs jdiepityneugved s éwma’cﬁ ’sft aqng 4 he face of
crystal 1, éﬁ%‘%& tfﬁ?”'ﬁ%ﬁ‘:ﬁ f‘ﬁ@?’ﬁu { t anggus
support of he grﬁ Cehown, Exiting beam 15 contains whatever addmonal components

1,070,570 . result due to the action of sphere 10 and which are permitted to pass through mimspr simi | arly
be acconpl i shed2. Muiliestioy of sudhebetsw daphade dn prpprawsy 16 Whithobitie &8 FapleuBt 3 1 | ed

only when ghe peH¥ge ?‘l%l’ e TiGie St | chybde

orientati o%? shopp @3 mE zbre%{t i gfﬁg ?,‘b%‘%“a‘ﬁﬁ“?f ;x&?%tﬁhmanslmmlyﬁld 2
appar at us of Fl ﬁakesluel dfmolit&hemutchel efﬁthﬁmtg mhm 3Nl passtsr thooughomirrons  has been
di scussed. 5 23 lntﬁl'hlmﬁl'mq opinesy G MR e, o P f

condi ti onsyghenSRIEIE THIEF mp “‘,‘,,ﬁ,,ﬁ,f; %a,fdeﬁgsyqiegéaegn@ WBlch o5
nondegenerat e NBfEensi dQ@pgsg ugmguﬂidneretﬂaiﬁﬁgem&fourzewmuMon

manner whi ch haspphe Z&dMEu&sezdansﬂmaybeutlllzedSImhlet pfiching@ngls,  whi ch
utilizes the spﬁer“i’ 80\ degirey wr Ay e piilize 'Eiﬁ"é;:t ‘é‘i" gﬁf“g‘“"hmg conditighs: ;%8 | ¢ | es
whi ch may § ddesul ° RN ’i?,;l*h %ﬁa@&&&@gw@s&wm&et 0 tfe 10
beamin a devi Cﬁulﬁ&lfﬁhﬂﬁsartt e aareesﬁaaeﬁwm uﬂomjip@rporaﬁdnabfl lohiumf t he
crystal to.. 10 metaniobate asiecf'umd mmabhapé«renu

phase- mat chi ng é‘é‘PPdihts g" & “LHEP pr?%& 01911?%5 i °ns a“fl Cnp devi ce of
FIG 5 is,honey&f; ided !t uai rem_wz@ &mﬁr& Fbxngcryml 35
external m rroram ofiﬂ ter&ﬁ(ﬂre diretidnl qtteﬁnlnedeaglﬂﬂsanglhmoambbamfradwch spacing .
as to subp@rdcntmh@r,fﬂmﬂq@ eipedypn Pyt esit havins e wavelength oft57devi ce i s

conpl eted by coR¥f wer leveloh fr/ Hitht a6 18t poidoh Glinegasses
through mggor Ilg gsﬁ%%h: poam é@é&‘h ‘ﬁ% Fo?g:xﬁgle,c;emtha&ﬂ ihdiatiody 40, as

shown. Exiting laaamelangle ﬁeﬁ‘nal mtmkbwnedmncadndtth«)n atis derporsethe phase-
result due to tmt%ofeﬁwms FH"\RW‘QPPE“taFéS ‘ti” ‘gﬁ“ﬁl & pass

. g if the cong genrated by the b _
through nmirr or e in o ey wmm T tithhe @apar at us 16
whi ch nay, 40 t du &. are those of da The dxbept 1dnetb tlus? tement obtains FI 8 6
depicts a nonI i ﬂﬂahosdanbod:emm hl®lthrgb€mrﬂ¢°ﬁ%¥ norph’a_tg 4%, amfechcryst al -

20 | i ne ersaba)l dipgeti neamy Hgy %‘gﬁ lt ﬁlght ﬁh P&
functi ons di scui’ggﬁh %? plane for it is VOB dé,g;,gn rc@émme,&@u;l@@da,;aieur ni shi ng
beam 22 whisgh passes. t rou mrror o 23 into crystal | i ne body §0.

The nonl i near rrechéms:srmrrfvbm,tthﬁrq hlsm 3510“ o the mnt i’ol ng
what ever addi t i CHEFAREOY ot o5 &t e PSR 25
frequency/frequm ?.-2 £€cot f?é@iﬂ % dRh T, lﬁrsﬁte qu aaﬁtevl:d?ﬂﬁst one of

whi ch 2555 condi oﬁ,eum&nﬁéseﬁayr Iﬁt &qmmat Cot pingp pels m stuthr oaghinpdewt ofal | y55

reflecting mirr che 8 thayfe euherlsq hargenic or other OUTgNSE SUPEL level BES | ng neans
27 may be utrlrzaé esﬁq 2{ “3? gb" ﬁ%ﬁa %“tage the}}Eerr] to
90 degrees, or Siedeﬁi&fs(ﬁbdtﬁgaeﬁﬁﬂdvdlons o)
as - 6b0 prxﬁdmdmdesmmampl malswrelt eﬁmqntmoaammaleﬂ e 60

par amet ri ¢ -rode.ph@@mena described is i Fn ¢ %mgsﬁu:?%ﬁ moed -
devices is thordﬁﬁl‘rlsﬁesl‘fﬁ‘ﬂ'erﬁéfaﬁ Bétés re?émze » for th "%t he art.
The added efficiency which results upon incorporation of Iithium

met ani obate as a functional material has been indicated. A specific case

further illus- trates this advantage. An input beamat 1.15
m crons and having a power of 10[err] watt is assuned. Fromthe
data plotted on-FIG 1, taken together with the descri ption 35 it may

be determ ned t hat srn[err] [err] =0. 825 or that [err] 65 26 degrees For

. e .



The suitable beamdirections through the crystal are apparent to a person

skilled 40 in the art on the basis of the symmetry reported. For
exanple, it has been indicated 40 that the angl e defined by the
beam direction and the € axis determ nes tne phases met-ch—
conditions. Wile this is true fromthat standpoint, it is known that the
magni - tude of the nonlinear function changes about the cone
generated by the beamdirections neeting the phase-match

conditions. Fromsymetry conditions it is apparent that*the”45

coefficienbs d[err] and dlerr] are tpmgszoof -concern. The ,exception to this

statement obtalns- o L tnose ermO’drnETTrs—rn—wm—ch—rhe—bé.Ta‘m

direction is ggr k al-l'. di rections
Pl rfﬁﬁtdtlﬁle oﬁ’eﬁécg i a&ﬂent rx%ontwa,fvfhgrﬁq\f &é aysta .

neeting the phase- nat con |t|ons are equi.va

poi nt of nonlqhmeam trzathe ﬂwctm G efrthe benm andru e fbedin @iamistery €SUl 1S When
the E vector °memPt 3’9?2"5 jp desel theyyasy array of dewipes i whichdbsscr i pt i-on

t hat bot#h coeTi‘rl lsa AﬁS e 1 are 50 . utilized.

50 1. IAla dmie&roe boatpHiinga a&ﬂm:leba@-%flmam  hodahd Br ﬂ.%-a' I ed

di scussi.on orfqulhea @et!he@it P!nh%polanzed electrormamicgmﬁaﬂogofrsaﬂ-staieqm It is, of

course, re UI ?ﬁ%}f&{ ctigg e)beamofcoherent
comuni dat ?onthpw %‘f@m& tﬁ:ém asecof,g’qﬁ %Ege Tég’m% fuou

Sui t abl e that, at. asgmmaq:eﬁm& afo)rdmﬁylrwﬁQ, ot\/tﬁé baw §esavﬂ ol i 3 state
| asers that eﬂ“h(‘?my ¢ifase-patched 5o ‘an emamhhatyr wavc oflahuherwsehe sily not require

a CW punp anfFF5e ﬂgﬁtﬁ% o clnl the fact that for

ei ther  98CONGhaldtia YARL & aOmr b D il ﬁéﬁ ﬁ’ﬁfﬁlﬁ"m * varjgs
as the square of3. Arrevxmicemﬁngys,clmﬁ myw oﬂm meant adaGistaigkv ant age of
the higher feﬂ“tmgs“"ﬁ‘r? ctcmm be real i zed by use of a pul se .

| aser SOUT C€. refiecring surfaces at 1 fg%;‘%ﬁmﬁ EB‘ﬁ’r‘FbFP“E‘?SS ¢fhe gener al
class oR0deviCes, kr @ate ﬁio?}ﬂiﬁ@w aVE 3 4 in w1 %ﬁ&‘:&dﬁ&ﬁﬁd Fog
exanple; it Ilscludeslaklekanmmb&aﬂBﬂMSﬁaﬁd,die@ﬂﬂsmeﬁg@ﬁdjv . 60
phenonena dedrom ‘dbgd“Q(ﬁ&“rn depen dﬁ) on begm i ntce Slt and, thus,

I_

6.” X device a¢ :
h so v ?Bm égggput it is

f ocusi ng of tJ;@m “the effective
recogni 28d, ff@fthdiiominlb&am: natc*ned con y570

tion and ignorj @Adﬂlgggﬁclog’cmg a!catng@neeﬂhe s rwd:khtthumle : where I
is the cryst “gm FORtG i ph F Y of propagation of the
beam and w i smg,m A device aéco e,,’,’eg“f ‘la'ms s 1 ggg%ﬁ? "5‘8'@ "made to
descri b&in det ai A dHe avesiingas iy \on® fclimwllc(a%, inr\.vmdnlttferhnﬁlha,,deﬁned sgrateri al
herein is admeageemm%é@rewmxewf theBaid body is given W-he expifes@inAl M | S: - :

1. An optical device corrprl SI ng apcrystalline body of LiNbQerr], neans for
I ntro- © . duci ng g E{g rent p ej)pol ari zed el ectronmagnetic
radi ation of a first Pi‘eﬁﬁ.m . |nto s“algj body and: .neans for
extracting fromthe said bogyid b am, of coherent - el-ectronmagnetic

radi ation of a.second frequ nc , 4 sal d bfﬁ eing posrtloned so.that 10
t he angle defined-by:the said in mng bea di.t he optic axis of t he
crystal is such . 10~ - that]- at ‘a given tenperature,- an-ordinary wave
of one of th hsraundlsrtheqd' n jspbecripts 1.and 2 rqmeteammayands

phase- ms$ che&&cﬁp.g@m pg%m%dgﬁ tc%.g\'fflmg%g% et

frequenci es s vl ! ; smtemdeﬁmdasna Aus 1, Tl iy t & clal m 1,
) supportl ng a 15 “standi-ng-waveé of at | east

one of the saj dlq e nsaf@e. X claims, in which cohdrgnt
3. A degce lsvﬁ@i‘p‘fg e ‘Ft feheansconsi st s
of refl m:_ . ar@xcswéérarﬁ;,eﬁ) dlalilinﬁlqrnﬁt hidh t 8da

4
-€ssen-

A devi ce accupllyi of mmkrauqm@puonwf\ﬂhlgxéateetrfaqueaqydtlmepedﬁmrof thafaﬁms consi sts of
refl ecting sBﬁ’n lve 0 q‘%%‘t‘“‘%é’”@‘f bejpi e that dp Jfellowing relstiopshie’ 8ai d body. 20
5. A deyd ce according - to. claimZ,,3 08 4uni N Which the said resongnt means
20 i ncl udes at -least one- curvea- reflecting surface, the said
surface bei ngl wbdnaveﬂlaémmw@ﬁﬂw coherent rafiftipm of loenoessindlis l¥idipdex of 6.

A device acc8f Ofdr'f‘e’“”é""“’c  FrbBe HorEpe Pal. #8d 2 rfEMUBE ng means for

varyi ng:the éﬁpg g@lggc@e,ﬁirneo Tof MY SRCEARNGhikY, P | ues. W|th|n
t he salﬁbbodyodaﬁsphencaicor theéil ncom ng? beam n% u{%}, %E&QSM@ 50

25 137 Anjop ab ofahiNbOn arresged: dnd apapedsch ng clains in
whi ch the anﬂ"g’te s“bsmém; qu% % PR wopmd s soamde FI® 4ptic axis of
the said body™i ‘55[‘ ‘]‘ . A device according to any one of
clainms 1 to 7, |ncIud|ngtherrraI nmeans for mai ntai ning the said
body at a desi red tenperature. 30 9. A device according to any one
of clainms 1 to 6,.in which the angle[err] deflned 30




g beam and the optic:axis of the said body is given by the -

SFT ] W i ndex of refraction, -
571 - aifid &guéate t danent al_ a ' har noni c, A :

r espectivety,-or fbr-the geﬁiﬂ&iﬂ!ﬁgMﬂiﬂ case, the lower and higher 35
A Imﬂnd e refer to ordinary and { - a4«

frequenci es, respectively, s

extraordinary 35 respectivel'y, SD ¥s a di spersive term defjned las
nferr] mnus n[ferr], and B is the birefringence, here defi ned
nferr] mnus nferr]. 10.. A devi ce according:to any one of tthe
precedi ng cl ai ms, in which cohereni, 570 - el ectronmagnetic waves of three
frequenmwﬁ%ﬂ%m%uenry 49 relatioensiy p
bei ng such that t.he . rs:a@est i s eqgual to the surifof the other two. =3 40
11. A devi cé‘°‘éﬁ"é‘dﬁﬂ‘ﬁﬁg Qe gefragtion gffscts;jindeppndent upme—i whessriinge brash consi st
essen- dimensidndih |the @ifectfth &8 bIBABGIRC e b 3k W00 2 bekdl Sy t est
frequency, Nqsitypllomiljaé_m mﬁdetth;pes&ﬂdedn derail the vasmy‘f :ﬂéslix\/%ll: et?h'he i ncoming
beam bgi ng %%%éta ‘%‘Rd@fsqzsgvmwgorﬁM-at ionship is sati sfi gd. 5

[err] 1. An optical devi isi i :

% s e TR T L P fRd on o
concern, n into thaeaid (podyxand fmeans for extradtieg Fram tthefaidl Bdy @ HAAY 6f &@ e said
radi at jgon, gﬁﬂg RaCSUBEROR ?e&ndifﬁgmtﬁew@ﬂ_@dyp@gtméﬁonedgothat greatest}and
other 17 equ G RS St BT g b o ot comatl ek gt o sy
one of the petaiadbodg i€ phbsdMarched) tMEh%&rXo%a@aw&te%ﬁlanom:  lsud spher i cal
50 : frequentRs within thpbidgal devi ce enploying a crysta of “Li Nbg err],

cording to claignh i i oy N :

ar ranggd ang{a%ﬁ?‘bﬁéﬂ h ::-s-.t- .g tho Gp rlaQ:m_ ng dgsonagh mcas| for suppdrdngea n descri bpd
- . n the said body.
wi.th referencestg gafidd ,ﬁ%ﬁfﬁamﬂz’ qearhi_c%’ltge caid resomu n3: Sonsdl 1 G ¥ of phe:

Ce

o'fe'g
acconpanyi nefettifgydurfarss integral with the said body.
1, 070, 570 4. A device according to claim 2, in which the said resonant means consists of

12 20 @%mg&%@g%@%*%@@?&f?igrm-f,gcts, i S dependzgnt upon

-, where | ingluddd g Ksb, d reflecting surfatl Fate' ‘@F?Wbof

pr opagat i onfreth thelsgid beigm aned rf/vefnsngtshea hbeam Jloll ar%t ers? onsv Es att enpt} has
been made t o dégt drvire apqerdingitajany prieeof vhes precedingylaiok, idudingeseannfonhi ch t he
materigl hef st A8 FHEFigeetch @bt figrerion yalues githin the said bodgAHAT NE CLAIM
S 5

I'S: - 7. A device according to any one of the ing claims in whi : -

1. An opticéﬂﬁndélyiﬂ:eéncmoirrplpdagmiamgt}fxaopmibyﬁiéﬁﬁ%&hﬁﬁp&wﬂ ﬁﬁ(ﬁn%?r], means f or
i n:jr o- ?min's"!ﬁ N %&?@ﬂﬁ%@hé@%ﬁﬂ tp 7 ainduding ?ritl;zledeaad ﬁct romagpet ikc
radi atggon of ag T4 Rsice a pCrauIE, t he .gali means for-
Lo o oA e Mt oy e o T WAt By 0 |
radi ation of a second frequency, the said body being positioned so that °
t he angl e defined by the said\in )2ng bea Rd the optic axis of the
crystal is such 10 sin"'em= l_lgt'h P2jat  a=gi rfeﬁ 3e4;rp rature, an ordinary
of one of the said f.,re_qu_e'r_l'-in%'- w thrn — thegsaid body is

phase- mat ched t-0. an ‘éxt’r.aohdl ar)( N)ﬂve.gf ¢per .of the said |
frequencies wi-thin the body. - | n2‘ : Z%A devi ce according to'clai m‘s‘
including resonant means for supporting a 15 ~ standing wave of at |eadi:

one of the wierednfis elguiedesi of sefraotidn) ubsciib@ 1DRAY2 relate to fundamentsl R { -
3. A dgvi ce?%@&r arH n\[e‘&y, o1 éqirmh% ,sgexilenil vdqse&mtc h@e_,saiedlowesnnalgigheneansésconsi St

o . ) T g ary, :
of Tt ) W SR Sl Y et for ety oad exmoiner, 3

here defined as n,® minus n,°.

 10. A device according to any one of the preceding claims, in which coherent

electromagnetic waves of three frequencies exist within the said body, the frequency '

40 relationship being such that the greatest is equal to the sum of the other two. 40 .

. .. 11. A device according to claim 10, in which the incoming beam consists essen- !

tially of electromagnetic radiation of the greatest frequency, the position of the said

usyﬁ tc'lelative to the incoming beam being such that the following relationship is
satisfied : '

- 0glly = w11y + Wallpy 4

in ‘which  is the frequency of the coherent radiation of concern, # is the index of

refraction for a wave of the said radiation, and the subscripts 3, 1, and 2 refer to the

greatest and other frequencies, respectively.

~12. A device according to any one of the preceding claims, in which the said

50 body is spherical, 50

13. An optical device employing a crystal of LiNbO,, arranged and adapted to

operate substantially as herein described with reference to and as shown in FIG. 4,

FIG. 5, or FIG. 6 of the accompanying drawings.

ssares et Vg
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4. A device according to claim2, in which the said resonant neans consi sts
of reflecting surfaces at |east one of which is spaced fromthe
sai d body. 20 5. A device according to claim2, 3 or 4, in which

t he said resonant means 20 i ncludes at |east one curved :
reflecting surface, the said surface being concave as vi ewed from
t he sai d body. - 6. A device according to any one of the
precedi ng cl ai ns, includiRg nmeans for varying the effective
relative brrefrrngence and di spersion values‘mnthrn the said body 25

for the incomng.-heanf  * 1,070,570

25 33% 7. A device according to;auylgmms@ﬁ t he preceding cIarnB in
whi ch t he angle ' defined by the GMnuﬂihgmbAanmand the optic axis of
the said body is 90[err]. ccording to any one of
claims 1 to 7, including thernal neans thrchﬁﬂ;ﬁkrntarnrng the said
body at a desired t enperat ure. . A’ device according to any
one of clains 1 to 6, |heammor8pt hhmadn em[mwm]y‘s (saf'dn&edﬂiceSBy the Courier Prly t he

i ncomi ng beam and the opt1% B%Red B‘f'”f |Byidinep Jondtee W.C2,
expression: [err] where n |s il as refraction,
subscripts 1 and 2 relate to fundanent al and har moni c,

respectively, or for the general degenerate case, the | ower and hi gher 35
frequenci es, respectively, superscripts o and e refer to ordinary and

extraordinary, 35  respectivel y “ “‘ ve term defined as
nferr] mnus n[ferr], and Bis the b| ref Hmal “m‘ here defined as
nferr] mnus nferr]. evl cea adcofdihg to any one of the

preceding clains, in which coherent : el ectromagneti ¢ waves of three
frequencies exist within the said body, the frequency 49 rel ati onship -
bei ng such that the greatest is equal to the sumof the other two. ) 40

11. A device according to claim10, jn which the i ncom ng. beantconsrsts

essen- tially of electronmagnetic radiation of the greatest SETTTLAE
frequency, the position of the said . = . body relative'to-the |ncon1ng
beam bei ng such t hat the fol | owi ng reIatronshrp |s - +satisfied: 45

[err] I

45 in which wis the frequency of ‘the coherent radiation of

concern, n is the index of ref.raction for a waverof the said S
radi ati on, and the subscripts 3, 1, and 2 refer tothe -~~~ greatest and

ot her frequencres respectively. - 12. A_devrcé“ﬁﬁtordlng to any
one of the preceding clains in which the said 50 body i s spherical.

50 13.. An optical device enploying a crystal of LiNb(Jerr],
arranged and adapted to operate substantially as herein described
with reference to and as shown in FIG 4, _ FIG 5, or FIG 6 of the
acconpanyi ng dr awi ngs. : ' 1,070,570 -
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