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Abstract 

Phase conjugation of backward -and forward -wa ve prod uced by degenerate four-wa ve mixin雪

using a nearly resonantly enhanced nonlinearity in four-Ievel organic dye solutions was inves

tiga恒d. The conversion efficiency of 22% has been obtained in a 2.5 X 10-5-molar solution of 

chlorophyll A in methylalcohol with a 5mm in七eraction length and a pu皿ping energy of ,..". 8 mj 
from SH of a Q-switched Nd:YAG. Degenerate four-wave 皿ixing by two-photon resonant

enhancement in the so1ution of rhodamine 6G in a1cohol was investigated. Measurements were 

performed which described the dependance of nonlinear reflectivities on the molar concentratiûllS 
of the media and the intensities of the pumpíng and object waves. Phase cûnjugatiûn characterístics 

of forward-wave in four-wave 皿ixing prOCBí电s were theoretically analysed. Experiments have 
confirmed the theûretical prediction. The method of quartet dege且erate four-wave 皿ixing hafi 

been extended to the doublet degenerate CIi',æ. Using this method, image conversion from 1.06μm 
to 53201 has 协en realized with a conversion efficiency of 25% in a 5 mm long saturable a出orber
made of organic dye 9740 solution in dichloroethane. Theoretical analysis shows that using a 
medium, which Îs a near resonant absorber for the infrared object wave but transparent for the 

visible reconstruction wave, the conversion e田ciency may be well iu exσess of unity. 

Introduction 

D. M. Bloom et al [1]. proposed that 也he nonlinear refl四名ivities can b6 enhanced in 

degenera切 four-wave mixing (DFWM) using a resonan也ly enhanoed Kerr nonlineari可-

1 ..iao, Bloom and Eoonomou 仕的 observed resonantly enhanced DFWM in an absorp古ive

two-level 皿ediu皿 of a协皿io sodiu皿 vapor[21 and then, in a 也hree-level system of ruby[31. 

For the two-level system, the absorp也ion band is very narrow and 世lUS 也he pumping 

beam mu的 be accurately tu丑ed to the resonan08 lines of sodi UID. Moreover, the baokward 

reflection wave may be in也erfered by fiuoresoenoe of the medium: atsame waveleng也hs.

f) 'he three-level scheme has a number of distjnc也 advantages over 也he two-Jevel one, but 

the 1ifetíme of i拍 upper level i9 long, and 90 is the respo且由自i皿e. We have demons古ra阳d

Dl'叽lM in four-level organic dye solutionsC4J
• rrheir very broad and nearly continuous 

absorption bands allow operation over a wide range of wavelengths withou也 strjngen也

* This pa per waB presen怡d at the XI IQEC 1980 
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requiremen恒 on the pu皿ping laser's waveleng世1. Secondly，也he relaxation times betw鸭n

their leve1s are very short, and hence they have fas七 response. rrhird1y, peaks of absorption 

bands of various dye molecules are differen也 and th us an a ppropria恼。rganic dye can be 

selec如d according 古o one's need. Finally 古he organio dye solution can be prepared and 

its ooncentration can be obanged easily. 

Using SH of a Q-switched Nd:YAG as the pumping source , we have observed DFWM 

in various organic dye solutions. For a 2.5 X 10<5-molar solution of chlorophyll A in 

m的hylalcohol with an in名erac也ion leng出 of 5mm and a pumping energy of ,.."., 8 mj , 

nonlinear reflec名ion coe伍。ients of 22 % have been obtainoo‘ Under 也he 3amηcondüion， 

nonlinear retlectivities of 10% for rhodamine 6G solution in a1coho1 have been achiev削L

rrhe effec古 of 也he baokward-wave phase conjugation has been inves七igated wi也h an aberra,

也ion plate. 

DFWM by two-pho也on resonant-enhancement was inves七igatoo. Using ", 70 mj 

pumping pu1se from a Q圄switched Nd:YAG 1aser, for a medium of 10斗-molar rhodami.ne 

6G solution in alcoho1 , nonlinear re丑ootivi ties of 14 % were achieved wi th an in恼raction

leng也h of 5mm. 

We ha ve measured. the dependence of the nonlinear reßecti vi也ies on 仙。 mola， r

concen仕的lons of 毛he media and 0丑 the in tensi ties of 恼。 pumping and objec名 waves.

Phase-conjugate forward-wave in four-wave mixing was 也heoretically analysüd. 

Assuming that two waves, one of them is in切nse and ano也her is weak, exe时 on a nonli

near medium and travel 的()， i也 was proved 白的 when a ce时ain phase-matching condîtion 

js sa品sfied ， a phase-conjugate wave in the forward dire的ion at-(} can be genera怕d. {'sing 

SH of a Q-swi如hed Nd: YAG laser，也he phase吧。丑juga协 forward-wave i.n rhodamini月 HU

solution was experimen古ally demonstrated. It proved 也he theoretical resu1恒.

Iη 七his paper, the quar也的 DFWM has been extended to double也 case. By using Lh is 

m时hod image conversions from 5320λ 七o 6300 Å and from 1.06 Ji.'m to 5320λhav付 bm斗n
achieved. lJsing ,,-,5 mj pu皿ping pulse from a Q-swi七ched Nd:YAG laser COIlverSlon 

efficiency of 25 % from 1.06 f.1;ID to 5320 Å has been obtainoo by saturab1e ah~orber of 

organíc dye 9740 solutíon in dichloroethane wi也h an interaction length of 5 mm. rrhe 

theor的ical ana1ysis shows 毛hat using a medium which is resonantly absorptive a名也ho

i丑frared objec七 wave bu也 transparen也 a也也he visible reconstruc也ion wave，也he conversion 

efficiency may be much larger than unity. This s 

DFWM in organic dye solutioDS 

Our experime丑tal appara也us is shown in Fig. 1. A 5320 Å laser pu1øe from SR of a 

Q-switohed Nd: YAG laser is used as 尬。 pumping sources. The FWHM of 恼。 pulse js 
/ 
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about 10 nsec. The ‘beam is spli协ed by beamspli材er 1. The transmit切d beam passes thro

ugh compensator 3, lens 4 wi也h long focallength ( f = 1 .3 m) , dia phragm 5, and then is 

impinges 0丑 dye cell 8，由is beam is den肘。d as A 1 • frhe refl阴阳d beamfrom 仙。 beamspli扣

切r is reflected by mirror 2 and 也，hen passes 也，brough half-reflec也ivesampling mirror 6 and 

lens'7 :wi古b a focal leng血。f 1m. Tbis b.eam is also ，incide时 on 也he dye cell, i也 is denoted 

as A4' The angle b的W倒n A 1 and A4 is small. Mirror 2 is adju的时也o make Ål and A4 mè的

in 北h8 dye ce11. In our experiments 也be anglθis abóu也 6.2 x 10-~ rad. Beam A 1 passes 

也hrough 也he cell and is refle的ed by mirror 9. Adjus扫卫g 9 would make 也he reflected beam 

(deno切d as A2) 古ravel i丑也e opposite directioÌl to A 1 • The backward-wave is sampled by 

mirror 6 with reflection/transmission~1:1 and is d的ected by photomultiplier 10 (IP28) 

ahd pho也oelectric galvanometer 11. In mo的 of 也he experiments~ the ratio of 由川的ensity

of A1 to 也hat of A矗 is abou也 3: 1.

、 5320A
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Fig. 1 E :xperimental arrangement for DFWM (α). Backward-wave field (的.

Re∞nstructed 丘eld of the object wave (0). 

For a2.5 x 10- 5 molar solution of chlorophyll A in 皿创hylalcohol with an i川eraction

Length of 5mm, keeping beam A 1 unchang'ed, 13 is measuroo for differe时国切丑sities of 

{4' The 22% con version e:fficiency from the inciden也 object beam 14 to the backward-wave 

13 js ob协in~. The experimental resuUs are depic也ed in Fig. 2 as curve a. 

If a grid object is placed at P in Fig. 1α ， we can obtain 也he backward-wave reconstruc

tion image of 也he obje的 P， as shown in Fig. 1b and lc. When an aberra也ion plate is 

placed in beam A4 b的ween the sampli丑g mirror and the dye cell，也，he reconstru的。d

i.ma.ges are not degraded since the obje的 beam and the backward-wave 'all pa图书hrough
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也he plate and the phase distor也ion is thus compensated. If a pure phase obj时 is plooed in 
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1i'ig. 2 R臼ults of the experi.mental measurements 
of backward-wave energy as a function of incident 
object wave energy. (α) chlorophyIl A and (b) 

rhodamine 6 G 

古he position P' , no image is observed .due to 

backwa:rd -wave phase conjugatioll character . 

We haveín凹的igated Dy'WM in rhoda

mine6Gsolu也ion in a1coho1. 1; nder the abo ve 

condi也ons ， nonlinear re乱四名ivi主i6S of 1υ 纠

were obtained, as shown in the curve b of 

Fig.2. 

Thθeffec切 of the conoentrations of 

也he solu也io卫s were in vestigaιed. Under our 

experimen切1 condi tions, the op古imal concen

tration is abou七 2.5 X 10- 5 mole and the 

re日创缸时也y do倒 R的皿ake much varía也ion

whe丑 the concen古ra杠on ofLhe solutions 

varies from 5x10-5 mole to l.25xl0-5 mole. 

Of course for differen古 pumping intensitj时，

也h60p也imal conoen也rations are dHfere时，

It is well known 也hat the rhodam i.n冉

6 G solution in alcohol has an absorption 

peak near 5320λbut at 1.06μmi也 18
transparent. In DFWM, the dye molecul白r

may absorb one photon of 1.06μ，m respeo

也ively fro皿 bo古h b础皿 A1 and oounter

propagating beam A2' ju的 like 也e two

photon absorp也ion in 时1e Dopple-froo two

photon spootrosoopy. Wθinves古igated Lhe 

忖o-photon resona时1y enhanoed DFWM. 

Using ",70mj pumping pulse from a Q-switched Nd:YAG laser we measured the depon

denoe of intensi也ies of backward-wave on one of object wave for a 10-4-molar solu名iOIl

of rhodamine 6 G in aloohol with an interaction 1e丑g世lof 5mm. From the experlmental 

curve shown in Fig. 3 we fou时也h6 energy reflection ooe西cients to be 14如. When a 

ma归rial has large 北hird-order no卫linear suscep也ibili古y bu也 small fluorescen仁 quan也U1U

O由ciency ， this method has some advantages over fluoresoent measuremen切， and 他US lllay 

be used in 恼。 research of high exoi如ds比如s of 也he materialsWJ • 

Phase conjuga tion of "forward-wa ve in four-wa ve mixing 

Heer and Griffen[6] have observed phase-oonjugate forward-wave in Na vapol' using 
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Fig.3 Re鸣ults Qf the experimental rneasurements of backward.咐rave
energy as a function of input wave energy in tw~photon r倒onan扣

enhanceme时 four-wave mixing for ,..., 70 mj pumping energy. 

ß tunable dye Iaser. We have 古heoretically predicted the presence of phase-conjugate 

forward斗，yave in four-wave mixingand have given the phase-matching conditions. lJsing 

SHof a Q-switched Nd: Y AG 1aser as 也he pumping source 也he theory has been experi

mentally proved for rhodamine 6 G s01u古ion in alcohol. 

L的 us consider an in也ense fie1d E 1 and a weak field E~ simultaneously incidont on a 

nonlinear mooium，也he fields can be writ也en as 

ι (仰铲' • 专 A1 (卅刑(伊例T川巾)e但蚓x

ι(伊r， t均)=→专 A.哇(阳州巾)汩θX叩p(归4仙ωωwt一→4仇k丸4. r叫T的) 十O. O. 

where k and k4 are the wavevec古ors ， no古 parallel 志o each other. Suppúse E 1 propagates 

aJong Z axjs and E. 四akes an angle of with it，也he wa ve genera tod by nonlinear 

coupling is 

E3(r， ←专 As(r)e叩(i叶ω，，)十。 C

as depicted in Fig. 4. With i and j denoting 世1e unit vootors along X and Z axes 

r咽pectively ， then 
k=kj, 
k4 =k ∞188j 十 k sin 8io 

rrhe fofal polariza也ion induced 扭曲。 medium may be expressed as 

P(t) = x(E) .E, 

(1) 

(2) 

where E=E1 +E.+Ea, x(E) is 也he electric suscep也ibili可. xCE) is expanded ahou也 the

卧rong field El 怕也he first order of the weak fields E4 十 Es. Then according to the W. 

K. B. approximafion, by takìng the 也ime average of x (E) one obtains[7] 
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PNL(t) = x(3)(E1 ) [E;. (E4 +Ea) + El" (E4十Es)勺 (El+E4+Es) ， 但)

A1A~ 
1+ (j2十一&.---'i------ J..→

x(3)(E
1

) =~α。 (i十8L( ， V I 21 E s! 21 

k1E, 12 ~. (l+~)2)r (1+ <32)十由~Jr/2 , 
(4) 

and σo is 古he line-ce时er small-signal-field at切nuation coe旺lcient ， δis the normal ized 

detuning from line cen切r， / E, /2 is 也，he line-cen ter sa古旧时ion in加nsi甘. J议panding eq. 

(3) , the expression of PNL(t) 侃n be obtained 

A, 

(α (Ój 

Fig.4ζ:Oupling geometry used in pha静oonjugate forward-wave (叫 and pbase-matching geometry (的.

PNL(t) = ! X(3)( -3w; ω， ω， ω问lA~e'(3ωt一…，，)十。。

十tx(3}(-ω;ω， ω，一ω) AIAIA:e'川川川σσ.

寸X<3)( 一ω;ω，一ω， ω)A1A;A4e'… r)十0.0

+卡。)( -3ω;ω， ω， ω)A叫川一2川.'r)_，.-o.o.

+txO)(一ω;ωpω，一ω)A1A山川阳山)十0.0.

斗专 χ(吕>(一 ω; 吼一ωpω)AIA~A3ei叫，'r) 十 0.0 十 (5) 

All the third-order nonlinear effec恼， such as sum frequenoy and difference frequency 

generation, first… and second-order, phase conjugate forward-waves etc. are included i n 

this equation. L的 us consider 也he forward-wave which is relevan也古o phase conjuga毛ion of 

A4 wave. This involves 也he second and 也he 出h 也erms in Eq. (5). The second 也er皿 is

rew:ri抖。n as 

Le也

If 

p ~ = F llA:e,wt-2'kz+dr,'r = F llA:e'ωt-'k(2JJ-CO圃 '-a4iEM}@

Jk'=2k(1-o咽。)。

Ák' <<k cos B, 

(6) 

(7) 
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then i也 follows tha也

P2=FllA:ei叫-tk(cos 9z• si I1 9a:) = F llÁ:e'''f -ök,'r , 
where 

ka = k (cos Bj - 8in Bi) 。 (8) 

It implies that in the forward direction at an angle-B '\yith Z axis a phase-conjuga切

wave is generated by the nonlinear coupling. 

Similarly, the fifth term in Eq. (5)will genera加 a 击。ld w hich is the phase conjuga tion 

of A3' The wave propagates alo丑g 也h8 direo缸on a也 a丑 angle B with Z axis. 1也 oan be 

concluded 也hat the 也wo waves which propagate along 也he diroo也ions at () and - () with Z 

a:xis are ih phase conj吨的ion wi古h each 的her.

I卫f E4i坦sa卫 ir时lt切en丑ns朋epump wave吼J the 1丑lonl卫inear pola町.ri坦zat缸io丑 may be expa旧ande叫di凶n 怡rms

of(E;且1十E且~) abou时1站也 E瓦乌丸， RI剖ld 毛由hen 也由he p阱hase-cωon丑j扣ugat阳e fl岛'orward-wa飞ve of Á 1 can be generated. 

'J.1his wave and Ea wave should arrange symmetrically about E~. In order 切 generate

the phase-conjugate forward-waves 也he phase-matching Co卫dition 皿U剖 be sa七isfied

l L1k.LI <馆，

w here L is the effec古ive leng也h of 古he medìum and 

iJk= 2k-k4 一 kso

Substituting Eqs. (1) and (8) i丑 the las七 equa也i.on yields 

iJk = iJk' =4k 8in2 (B /2) jo 

For B<<l ， 尬。 phase-matching condition requires 

。也 (λ/2L) 1/20 

From Eq. (7) we g的

(9) 

。 <<cos-1 2/30 (10) 

.For light-freque丑oy radiations and physioally 址lÎn nonlinear media Eq. (10) is always 

satis盘。d when Eq. (9) is sa也isfied.

Subs也itu古ing the second and 也he fifth terms. of Eq. (5) in Maxwell equations and 

taking 也he adiaba也ic approximation and 也e nondepleted pump approximation，恼。 fol

lowing coupled equations are abtained 

wh.ere 

dÁ: ..* A í _ \ ~..Jk 17=旷.As (z )e'Jk'r , 

d.Aj:t J* l' " -':';1-If=ML(z)fUK TF 

旷二4π 二:. X< S)* A~A~Q 
cη 

'J.1he energy cOn version effioiency may be obtained 

s=l生尘~12=_1~ 2AI_ ,;J sjnh2( J 1}(1 2-( ~~y L ì 
IA礼。) I ←|川一(号\2 飞V \2 / .>.J) 

The experimental apparatus used to demons也ratebhe forward-wave genera七ion is shown in 
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Fig. 5. Using ....., linj radiatio卫 from SH of a Q-switchOO Nd:YAG 1aser, for rhûdamine 

6G solu也ion in a1coh01 with an e:ffeo也ive 1eng出 of lmm 也he phase-conjuga也e forward-waves 

were ob切ined. The angle () b的ween beams Å 1 and Å 4 is about 1.7 X 10-2 rad. When 也he

leng也hL of 恼。 medium booomes about 2.5 mm，毛he forward-waves disappear, booause in 

this case ~k~L>~， i. e. 也he phase-matohing oondition is 丑的 satisfìOO. Taking L as 00丑的ant

and changing 也he a丑~le (), sim过ar phe卫omena oan be 0 bserved. 

S320 A.. ..4, 

A1 

A3 

盯urror
object. 

(α〉

Fig.5 E:x:perimental 田tup u田d to generatβphastWX>njugate forward-wavd (α) 

and phase咄咄gation fiel也(的.

Doublet DFWM and image conversion 

(b) 

It is well k丑own that there is a forma1 ana10gy b的ween the four-wave mixin晋 and

the conven也ional ho10gràphy[8J. The ho1ogram is formed when the incident objoot 飞~ave

andpump wave interfere 也o produce a spatia1 phase gra也ing in 也he 丑O卫linear mOOium. 

Therefore, we can reconstruct 古he image rooorded by ' obje的 wave A4 using wave A 2 a t 

a丑other frequenoy. Using 古he appara也us shown in Fig. 6 we have experimentally demo卫

strated 也担 oonversion. A 1ens (f = 300 mm) foouses 也e 5320λ1础。，r radi剖ion in也o a 

丑aman cell wi th an in切ra的jon 1e卫gth of 200 mm. The Rqman moo.ium is(OH3)2S0. The 

wav由ng古h of 也he fir l?t order S古okes sca抽回ng radiation is about 6300λ. The oon,yersion 

effioienoy of 也he stimu1atoo. Raman soa协ering is con也rolled to be abou也 30%. Using 恤0

5 x 10-4-mo1ar solu也ion of rhodamine 6 G in a100ho1 wi也h an effeo也ive leng讪 of5皿m，也he

00丑version efficienoy from the objec也 wave (5320λ) 也o the reconstru创ed wave (6300 Ã) 

is abou古 12 %, with the condi古io丑g 也hat 也he energy of the pump wa ve Å 1 from SH of a 

Q-swi切hOO laser pulse is about 1.2 mj, beam ~ is ",1 mj and beam A2 旭 '"1. 2 mj. In 

order 也o sa也isfy 也he phase-matchi~g condi挝on beam Å2 也rave1s at an a丑gle of 10-2 rad 

approxima也1y to 也he direc古ion of beam Å 1 . The reoonstruoted image at 6300λis shown 

in Fig. 6. In this experimen t，也he medium used has an absorption band at object waV6 
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øurr吧，r

reconstructlOn image 

- -, - lens 

5320Â L~ser 

(0) (b) 

g.6 Experi皿ental apparat四 used in doublet DFW皿 wbich performed. conversion 

from 5320 Å to 6300 Å (α)and the re∞nstructed wa ve fields (b). 

frequency but is t1'an8pa1'en也 a古恼。1'econst1'uction f1'eq uency, hence we are able 切 enhanoo

resonan古1y nonlinea1'ity wi由ou也 10880f 也he reconst1'uc也ion beam. By 也his me也hod if we 

se1ec也 a moo.ium which is strong absorp'~ive wi讪 1a1'ge osoilla也01' 的1'ength for infrared 

objoo毛 wave but t1'anspa1'e的 fo1' visible 1'econst1'uo名io旦 wavé，1'esonan也1y enhanced image 

conversioIÌ f1'om infrared to visib1e f1'equency may be achieved. The experiment was 

perfo1'med by 也he setup shown in Fig. 7. The nonlinear medium used is o1'ga丑ic dye 9740 . 

solu古ion in diohloroe也hane wí也h an in也eractio丑 1eng古h of 5 mm. The dye mo1eou1e has 

strong abso1'p七ion at 1. 06μm but transparent at 5320λ. We adjus也ed 古he conoentration 

of 也he dye 801u也ion 80 that 也he pump beam Å 1 was abso1'bed totally by 恼。 medium. Fo:r 

也he energy of beam A.1 is "'-J 5 皿.j， the concen也1'a也onof 也he dye solutio且 is about 10-4mole. 

The ang1e rp b的ween 古he two inf1'a1'ed beams A 1 a丑d .A4, is abou也 6 X 10-2 1'ad. Fo1' tha 

ene1'gies of beams A1 and .A4 a1'e 4.2 时， 1.5 mj respective1y，也he ene1'gy oon versiOIl 

efficiency f1'om beam A是也o .A3 is abou也 25%.

Fo1'也he doublet DFWM I the nonlinear pola1'iz时ion may be exp1'essed as 
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Fig. 7 E :xperimental setup used to perform ∞.nveraion from 1.06μm 5320 Å (α) ， the re∞nstruc臼d
visible image :field (b) and the pha.se-matching diagram (c). 

PNL (的亡3xi3)41A山xp [i(ωtli8t - ks or)J ， 

PNL(ωIf)=324%1AA时(ω，lft-k4 o ".汀，
xi3) =χ(3)( 一ω训的 ω'11， ω11 ， ω叫，

.x&3) = X(S) (一ω'Jf; ω附 ω仰F 一ωtliS) ，

ks =k1+k2 -.k们

k4 =k1十k2-ks ，

For a medium which isβbsorp也ive for the infrared but transparent for the visible, i也

follows that 
xi3) >χ~3) 0 

After a ppl ying the standa rd m的hods of nonlinear optics we ob恼in 也he ooupled w乱ve

eq~ations in 他e smal1 angle appro主ima臼0丑

where 

and 

dAg ~-铮
dz = -'C，;I(: lft岳'

dA: 每 a
dz -切2.il.3 ，
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where 也he ooupling constants 'X, are given by 

Rnd 

~1=主旦旦 xf1) .A油，
C'T/J时

r生旦旦 xli'l)A 1A20 
IJHlf 
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1 f we specify 也he complex amplitudes A 3 (L) and A4 (O) at their respective input planes 

(Z=L , Z=O) , the following 801u七ion is obtained 

A:(们一问il1气血( ..J I ~1}(; i zL A3 (L) 一∞s[币ZK旦l A:(O) , 
I ~l I 00町、/丁IXlx~rL) ωs[，/ IX1~~TL) 

A3 (z) =~os..J古Zι Ag(L)+i 1 X! 1
1
/
2

• sm [..J币2万。一L):L A~(O) 。
∞叫丁~'X;l L --u ,-/ . - I 'X; I ∞s(矿石lx;IL)

From this solutio卫 we ob恼.ì卫

A乌剧3(0←)尸" /牛上τ 7 Jμ) 斗忖叫4川l问啤叫主乌割ι刮1
1

尸
1ν飞/

I X2 I 

A:(L)=-4lfii1气n(盯苟同)Aa(L) 1A:(0)o 
C呗们玩TL)

In our case，恼。 objec古 wave i丑pu也 a也 Z =0 is A4 (O) and Â 3 (L) =0 , thus 也he nonlinea.r 

conversion efficie丑cy is 

where 1 :; 1>1. When 

we have 

R=I生业1
2

= 1 X; I ian 2 ( ..J有可功，
4(0) I I x; 

〉节亘古 .L 二 π/2，

l且|斗，A4 (0) 

w hicb corresponds to para皿etric osoillation. This i皿plies 由的 by using this scheme tha 

oonversio丑 efficienoy fro皿 infrared to visible image 皿ay be much larger than unity. 

This image conversion h <:LS a numher of di的inct advantages: 1. 也his is a four-wave 

parametric process, the con version is achieved by the nonlinear cou pling of the fields in 

nonlinear medium. 1卫 principle，古be scbeme may be used at any wavelengths. 2. if the 

medium bas an absorption band witb large oscilla也or strength bu也 is transparen也 a也

visible recons也ruction wa ve，也be 也ird-order no丑linear susceptibili也y may be resonantly 

enbanced. Since 也be nOI山near conversion efficiency is proportional to I X<3) 1
2 

J tbe effic:iency 

may thus be greatly increased. If stro丑g pumping and reconstruc也on waves are used，七he

n仕lciency may be 皿uch larger 也han uni也y. 3. since 也he backward-wave generated in 也he

four-wave mixing is relevan也 to the phase co丑juga恒。丑 of 也he object waVß, a pbase distor

tlon produced in the propagation of 恼。 image may be compensated. 4. i古 ca丑 be performed 

Ìn real-七ìme. Fìnally, thìs scheme has fa的 response 也ìme. For many organic dye molecul四，

也10 typicallifetimes of me恒的able singl的s are sho时er than or nearly equal 阳 1 nsoo. 
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Obviously , an infrared image 00丑version sys切m witb a response time in 也he order of 1 

丑sec is ra ther a创raotive
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有机染料溶液中筒并的四波浪频

和位相复共扼研究铃

吴存他 范俊颖 王志英
〈中国科学院上海光学精密机械研究所〉

提要

研究了近共振增强的四能级系统有机染料溶液中简并的四波混频后向反射波及前向波

的位相复共扼特性。用有效长度为 5mm，浓度为 2.5 X 10-5 mol.的叶录素 A 甲醇溶液作介

质y 当调 QNd=YAG 倍频泵浦光的能量为 8mj 时，非线性反射率为 22%0 对于若丹明

6G 酒精溶液，在相同条件下的反射率为 10%0 用象差板检证了位相复共辄特性。用语!

QNd:Y~G 激光辐射作泵浦源，研究了若丹明 6G 酒精溶液双光子共振增强的简并的四披

i昆频作用。当介质浓度为 10-~ 克分子，有效长度为 5mm，泵浦光能量为 70mj 时，非线性

反射率达 14%0 测量了非线性反射率与介质浓度及入射物波与后向反射波的强度的关系

曲线。理论分析了四波混频前向波的位相复共辄特性，用调 QNd:YAG 倍频激光作泵浦源，

若丹明 6G 酒精溶液作介质，实验上证实了理论的预言。另外，把四重简并的四波混频推广

到二重简并的情况。用若丹明 6G 酒精溶液作介质，实现了由 6300λ 到 5320À 的象转换。
用 9740 有机染料二氯乙烧饱和吸收溶液作介质，实现了1.06μm 到 5320λ 的象转换。当介伊
质长度为 5mm，泵捕光束的能量为 5mj 时，后者的转换效率为 25%。理论分析表明，用对

红外近共振吸收，而对可见辐射是透明的介质可以实现高效率的红外象转换。这种红外象

转换的方法还具有实时、快响应等优点。
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