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GR-APHICS DISCLAIMER

A,! figures, graphics, tables, equations, etc. merged into this

translation w'ere extracted frcm the best quality copy available.



- '1 L;., Se,_ Shcuchuien

This pr~esents, under the effects of a two-dimensional standin.z;

wave acoustic field, a two-dimensional theory for form modifications

in the spacial stre ngths of Gaussian laser light bundles or beams.

The results of ek,.DerimEntation and thcc'ry agree with each other.

Under the appropridte ultrasonic power, the strength of faculace cente

domains tend toward uniformity. Moreover, the degree of unitormni~y

anJ the range: of it. canr be adjusted. Because of this, it has even

more )-actic~l significance.

in r e fere--n ce [ tim- author already providea the th,_ory fo, :

(1i~ens'io,:)i sitanding wave acousto-optical modificitions of G'aussiafl

las'< bufmle s vv 1 -l' hi s '-xper iiental results. However, in actu;,"

pcractical app)licationis, the re is a requirement for two dimensiona-

'olt ca insof las-3- bundles or beams. Because of thiis, as far: as

t~o imesioaltcousto-optical modifications of focii r- concer-nec,

wecarri-ed out a t)i-o-e!_ical analysis. The help of compute- ass iste:

calJculations7 aS w,_ll aS the relevent teSts that Were used Showe._

cleairly thit, in tw4o ainensional situations, if on-- obtains a ar

05-..vi K a aoo continuity, it is possible to control th' fori
_jif: _'_ , -ton. Still_, it is necessary, as fdr a,- the releva:nt

parai ieLe, -, orend to make a reasonable selection. This

-Licl , cl''., tii ,- cx ranges for these relevent parameters.

In two ou.oia conditions, the light f ieZld distributions of

mmslni ht- b~Jno LlOs or beams can be written in the form below
[2j.
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In this equation, the significance of the relev'ent parameters is as

shown in Fig.1. Among th.-m, W 0is the bundle or beam waist radius.

W is the f -culae radius at the location z' on the front surtace of the-

acousto-optical device. C& - and -UY are, respectively, thz- angular

frequency and the phase of the light field. Due to tne-

acousto-optical effects, after the light beam passes through

acousto-optical devices, the phase will produce a change .

Because of this, at a location z on the back su:-face of

acnusto-optical devices, the light field should be written as:

On thz- len:; L,'s back focal surface, one then has:

*2D't Ar~

C Z' Z-Z--L I-- 4

Fg Schematic diagram of intensity modificatcfl

I(~, 7 f f) HE zy:, t)exp1-iKzx +nP)/f)dzdy

In this, K 2)-r/ N A is thtv light wave wavelength. f is th,

fovi dctnc f the lens L 2 . If one lets what th, ccousto-oipticeil

deieaddIs 1)e tht- two dimensional non-correlation ultrasonic tielo,

then, th- phase- change caused by this should be:

J -2Kru- KL[i i (w,t + K,) -Jnsin ~K.,']
-t- L,'Jnsin(w~ -Ky) J~in~~t K~,],(4),

I L PeoiaI
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If the two dimensional fieold is of the samne f requcncy as we -il as

co:-relative, then, one has:

In this e(A'atiort~ and nrespectivz-1y, represent tne-

aruplitua-:e valuas L,-), changcc in th - rates of retraction in tnm- x ann v

di-ections after the ad ditiont of the acoustic field. C'.'s a n,, c

s*, resp)ectively, represent the acoustic or sound wave circle
frceauencies, in) the x dire-,ction a--nd y direction. K axCnd

then, resp ct iv ely rer~eLthe soind wave wave vecLors in tuc

direction en ,, dir-ection. ; hcn two dimensional s onric field !s h avj L

seine- fce~u -ncies and are corr-elative, on-- has cLk. - .7 I

and-' K K =/- y is theiz )has 2 differ-ence bejtween-,, Lh,:

"eI Ic fIel- Ids in :he x' Xire" t i and( th-L Y dire Cti nn.
Talke eg(ua icn (4) and s ubs t it,-te i nto equat ion (2).i

conj uncr io-i wI ih this, jo-1nj thr-ou,,,n thE operations of e -jua tion W

p~ o1sibl t o o'bt ai'n:

-rU~i exv -3' TEn 2 2K1') K.n n

,\ ~0 6)

2v,' Hert2,J S and A. ,respectively, are tht: sounui

W3,111 Wn1veltnjths ini the x dnni y directions. i (v) is the: tir-st typ :

i~h order- BeSs3pl functio-i. Its argument v x(or- v y) has v x=K
x y x

4n.- 3vK~ *Bcueo hs euto 6 a ewi



-,,,, s a,.,,.. [a,,. p z/. ,

x exp -i- ± Cn , ++n ) ] :2 - (7)

As fd- as equation (7) is concerned, after solving for the time

average and, in conjunction with this, unitizing, it is possihle to

ob ta i ,l

x exp{- [..=-C,(n-,m)/%, " ]2- [ O(-) S

H,.r , th, v-io- tos subsc. its seIected--m,n ,p, and 1--all a.-

s lecte, wzt,> t'lue; that run from r to The same is tr-u.-
,oclow.)

If th- sout-- ]i.isds that ace added in the x and y directions ha, 2 ti

sa m,. fre iLe a,11 the situation is such that they hav, e, u -

SX sy3 x = V V, as wuli assx sy x y
O = C" - C, the2,], equation (6) can be simr)lified to 5t"

z( , ~J" ) -_ £ (V) J."(V) 4 (T) -T(V)

xexp{- [a+.=C(n - 7)/./2]'- [B+xo(I- p)/-2}o ()

This is a situation in which acousto-optical modification is ott

used. If v = 0, that is, in a one dimensional sound fieldy
situation, equation (8) easily becomes a formula expressing th2: o.i-2

dimc-nsion.-. modif ication:

I(cz, ) -ep( -8 2 ). .(.) (t.)e{- + c.(n- m)I./ ~]2} ( a )

• ' . . i I I I I I I



If v 0 and v. 0, that is, a situation in which soind f ields

ar7e not added, from equation (8) , it is possible to obtain thennl

Gm ssian lase r light bundle or beam spacial strength distribution:

If on,- is ae2aling with a two clirensiondl corrulation tiula,

csrr yinj out hesam- type of cperationis, it is still rosbeto

obtain e quation (8). This explains thte fact that the srnt

distribuitions DO) the focal surface behing L 2 and the phase

difeen> Ihowe two dimensional son f _ld Sre not -a~ta

AC't ihe saine tine, ta ke equat i on ( 8) a nd, by cornoo, ci ng_ i t t n a o n,

ajm;-Ins 'Dna L t ti or, i 4t is possilble to know thaL it is onl y

n e :e s sarzy toslc mo aevalues for the paramete 's ano mc

iis t h-ri po. s ibl a to reai 'ze th - s i mu 1ta n us oIifj air L I

Gaujss im '-- i un or bundles in the two directinns-K yn '

i n or -er: bL qucen ititti vely d,:scr ib,- the r esul ts of 1!1(d iflitiL
.Lntrolc, " mdi fica t ion fadctor ". From equation ii) it i s ,,o55si3';.

toD k now' th t I ( a=0,(r =0 ) = 1 , I (a=0 ,Pr =1I) = I (a =1, 0) =0 .37 .

tis Sc ,W'- c, n sel Lc 1 ightL s te=ngth change s i t uato L O- ir whi~ --h

I ositionIs (oI positions in ojnto with esl ~ ic

takina or- a to rep)res:ent it) to act as measure2s of the-

(er-)' oF ndifications. As i s shown in Fig.2, it is possible to

da~fine the roificatinn factor to be:

G(,v, c) - [1 (0, 0, v, c) - I(a,, 0, v, a) ]/1(0, 0, -r, c) K12)

-[1 (0, 0, V, 0) - 1(0, ,80, 'V, 0)1/1(0, 0, v )



This def inition is aimed toward th,. tequatioin ( 9) situation , that is,

it deals with the situatior, where two aimeznsional sounu tius u.sD oni-
( 3)

signal source as drive or motive force .This is also tne:

practical situation with two dimensional acousto-optical

modifications. Because of this, it has even more practical

significance. From Fig.2 one can see that, the smaller the G value

is, within th,- saim- spacial range- (delimited by -1Uor/- .), the

more the light strength distribution tends to be rendered unifotrm.

Moreover-, it is p~ossible to maintain a fixed relative strength. Fig.'s

3 and 4, resnectively, give one the relationship curves G(v,c)-v,c tor

tile ,Or- v\careors These are calculated on the basis of eq4uation

(9). One conr Sa -c, that, when te v value is fixed, the re- is a

re~uireme-n1t fo-r: c- to be se lectedl within a fixed- range, and it is just

when tlnis is anthtit is Possible to obtain saItisfartor;

mo-iic ati -n cresul ts . Fo- example, when, v = 1.5 (, crresp ondinj L-1

MOd ar' f_ cw~ mod-e) wit h the poinit f or thle optimum selection fo-- the,

o v>\icinitv of 0.55. At the same time2, it is st t

I(~~~, $,3,

iQo 1' c 7 .-

Fig. 2~ Factor of the n.odf~.cation Fig. 3 cUvrve of G v, oc,)~

poss.A Lo s(-( thiL , ,ft,- v > 1 .5, the selecte2u valuz. of c s

i n f lu cnc,- on r, r-1:t i -ALoI 1- b : o mis u n cle(2a r. -0 c o ur s e, a v aIu e s s ti l

aru b5ouri- V i, -ti- Lj in lIimitations , that is , c is not t(lo t b-

gel tIn xcsvLlgovalue. 1t thIis is nlot the c.Dse-, the,

a'ojst t if -action 1 ri usents dispcrsion. spectra and the

ma yfi - ,n on> its sli ni f ira-nc-e .It ,Iqco cannot 1), to

6



sT I 1~ it i s to) s;,-l , t I , tht ()I J.4 1c~i I ys tc': I .I

C

G~ V. I c).2 0.~ 3 0.
4  

t).5 0, f U 7 UJK U.9

F~c. 4 Curve of G (vo c) -c

Lit, %( I i _ i 1 7- tK d .9 tri 5 ut 1,c"' whuri v (.

-77 7/.~ . 11 12 . j with L!I Ink: '

'1 1n L~d~2 ~3 c-n~t n . if ot 1creasLt

L KK t 5~l~ tr05dln i t ierl his ei _

*~~~~~~ t-l'- L d mt~-lh~*'usitel i r c2- d c1~ v~t 10

*h i L s ths ts Lype (A mod it ic- L i;)f is I s- ett i~ii

-a~ r~ti dl js;at If onEf irsdk 2 U ofC a rnodit ic'dtl(io tcLt)-

J~sI.4d~.,t thi 15 2~C~l~V' n thk. bdsis at equat is (I, L z >0l

ti h 11, 1 1 i 2> spn2;. t o L it Ltirt2c typtes of Si tuat ions u' c

1.)V d~a CSPective ly: G( 0, (s,o1., c) U 6c b, m_ ca1 4( L.,

- 29 2 r)- I t he_ G Viu1 us U mo l:i1! Ga u ss ia n Ii g ht btfainb or bu no'les-- a,

mti-2thtione: s, ct L I = G v , c)/G (0 c) The thrcce tyacs :

S -j s,~ r0: (1:5251 d a bo\' are, ( t h e, r esp2c t iva Iy, onets w it J

1.2 (.9, LAn d g J 5 It is possi'Alu to SCu tho1tth-_

sac-n- sti ~t ia, spaking in ter!ms et moo ifi cation, is .-

ppropr st, . .n as icr: to compare , we aliso tC.di uia ted )Lit- a no; 2c~ r V W

7
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0L.

F~g. 6 Gatassan jntans~tv distribution for (c-1.3-in; v-.1.5

thiiL a u lht(D- N CiCsU f'\L ,il,- 1S. tfl' umL. ;Lk:, VJtL

!I* t-- a ~Ci f,), Lai .s is th'iL te rac s a C L iT

is,~r 1 ovci-> a yLI b t h G v lue w~ a '1- i t)

t i r L ' s u I er (J by er 'I S. : I' S s t,

L~ui, ~ n Lh Lim flirul V to' pr.£
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TIhe .ibj~in ar -J analysis air2u Al aiSL-t'

ii~ Li') c u L t'S. Du Ci rj Claula Li a- L.i Url-t :i-i,'

uf hf v,- I u e ) the subscvr i,-ts m , n, p, arj I in e u,-

al I .0 - 0 - I of Lh, f Ict that bcs'I-rL
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p r e Lh -s i c-) nd L his C. -S ild K nW f ra~i ha 1 tt

L hf a nr , I. n. of L ti~ i,,h L beams C u, L~u t't s V. II L



than the a.-.gle- of divergence oF the origin~al Gaussian light bzairs. if

one dief ines the lijht beam 1ivergence angle= on the basis of th- I,/--

location where the light strength drops to the center s' ength, then,

the divergence. angle corresponding to Fig.5 is 2.1 times the faculae

argle of , copagation in Fig.S(a).

If th frequency of thrz Soinic field used is dropipEd down quite

low, then, after modiification, the angle of divergence of th(:i light

beams will 5be reduced as ccnpared to the divergence angle when thte

frqoc', l 10hz. In this way, after moldification, it s- still

jossbleto ma intain a certain light energy density.

IV

Tn~ acos~o-o tc A jou ato- sructure us -d in 'D

i .fcat, D'I - , 10BiAn in Fi-g. .Thi s is a tyLm, of tli s-c I1

i' ~e sc inc L Lectro -d i-e 'ot I It i alsc possibl,? to ma",- us o-f
phtJet y~~.(frexam:)' niobiatco of li thiull anc, ot0

sio 1a r s :),3t-wN ,) L h a coujs t ic r eso n,, ,-e ~ff ec t o f wh 2c1 0o<.

two lt- r, S Ces i - :, n ": C ie 1.d s. The expe-riment al appa-tus eand- th, --n,

J I---SiLonal SitucaLi)f a rc, an)r the whole, the same L i is oj

Lit- f(orm 01 J)WC1 f:o' tlK,. signal sourcu. thaL is cilang(:o i ntQ two

,-)atLh S. Do-, L(- tlii t that the electrode structure, tim. pow- out') U'

f o uie- un; ad Dt'- simi lar f actors ace all tlhe samu , it tf) lO0.z,

thn tOit V ~)O.Sib'.~to )btain, in the two. airkections x

Ataan 1W-1 til the sane:' strengths, that is, haivinj v =

Fig.8~~~~ (, aio;rLcaagrarr of the experiments. Tes~~

Fr cqu~-'c;Uwa I 0t-a he amrount of power was stadw iz ).1

i-)jL-LLL volA alu;- (ulO(- v) of the signal source. MOt "ICaLioni
,-- It w-- re,z(c oi1L through a scanningj photoe1ttctric multi, uli.2 Lu-

t. lK. into in X-Y rcrnginstrument. 'inc diamAt:r of the '- snr11 n_

a,)e't -,o. the mltpl tube was (P0.2mm. Several classical

'n rrrLresiultB; ar-2 shown in Fig.'s 10-12. X,4hen tn),: acotlstli

f i(-A~ is nort id'ied (\? = 0), the Gaussian facui or- light st- -ia

their strength )rofi les are given in Fig .9. Fig. 10 is th<,- Iigiit ;-)

10



Fig. 7 2-D R-'., acoustooptic modulator Fig. 8 Experimenital uet-up

Fig-7 2-1) R-N Acoustooptic Modulator (1) Piezioelectric Body (2)
uio)er- Y Electrode (3) Lower Y X\ Electrode (4) Upper X Eiectrociz (3)
Acjutsto--opt ica 7 Dielectr ic

F ig .8 Ex) mc.iL ,I Set -U (1) Laser- Device (2) Moaulato- (3)
S i gnalI So (4) Camera (5) X-Y Scan (6) X-Y Kc~iv

±4
(a 

(41

F L' (a.) Gaussian light spot for v -o0 (b) Intensity profile of light, s,,4)

(9-1, v-0, c-0. 54)

g,~ -0 25

4 c- 0.5, \

FRg. 10 (a) Gaussian light spot for output of sigual sougth, ts-18V;,
(b) latensity proffle of light spot (9-0.25, u-18V, c-0.538)



(vs = 1550m/s). The piezioelectric body was quartz crystal. The

base frequency was 435.5 kHz. The second octave or multiple frequency

was 871 kHz. Still on the basis of the equipment set up in Fig.8, but

taking out the lens L1 , and, in conjunction with this, changing to

the use of 1.8,vAm laser devices, the output power is 5UmVW. The laser
I

bundle or beam directly radiates into the modulator. Because of this,

laser beams or bundles actually have light spot diameters of 2; N', 1mm.

Taking th-, 871kHz ultrasonic as an example, the results of

measur-2;nnts wAe .AV = 1.78mm, c r-0.56, satisfying the

modification requirement. When the acoustic power (situation without

matching) is -' 2.5W, it is possible to obtain relatively satisfacto-y

m),fications. At this time, the results of actual measurements of

.ive-g, nce, &ngles is 1.47'. This is 1.4 times the divergence angle (

1.07') fo<- the in-radiating laser light bundle or beam (that is, v

=U). Tnis v .lue aad the theortical value (1.6 fold) compairt to each

otth , as roughly the same. The exterior shape of the light siJoLs ano

tha: light st, eItllh distrihution curves are roughly the sam% as 1ig.Lu.

V.

The conclusiori is thn.t it is only necessary for light spot

,to h, smaller" than th2 ultrasonic wavelength, the Gaussi,;n

sJs Lnt : tst Lou!tio of tocusko laser light bunoles o< oeams be dole,

u,,-- th effV-rs- of two dimensional ultrasonic standing waves, to

fo~rm tw:) dimensional strength pcofile adjustable light spots, and, in

adition, be within a definite renge of parameters, and have mooerate

sonic Dowe-s, and, at such a time, the strength distributions of lignt

soot central arteas are ,ble to tend toward uniformity. The degree of

uniformity :nd its range2 are capable of going through adjustments ano

continuous changes in acoustic power. This is the important point at

which tnis nethod is better than other methods of modification
[4,5]

B(, cause of this, it is unusually suitable for use in

circu istances wh-e, light spot profiles are adjustable, for exdL,

it will achieve widespread applications in the fields of lasers for

mIedical use an! las r heat treatment.

i , , i i i I lI I i | i



The imp)ortant disadvantage with this type of methoQ is that, due

to the fact that the strenjth fluctuations [61 of the light spots

are two fold around the ultrasonic frequency (which is 20MHz), it

follows that it is not suitable for use with short pulse lasers.

This work has benefited in its execution from fruittfl 71
discussions with Pcofessor Sheng Qiuqin. Comrade Chen Ping aiso

provided earnest assistance. We express our thanks to both of them.
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