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GRAPHICS DISCLAIMER
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SURNART
‘This presents, under the effects of a two-dimensional standing
wave acoustic field, a two-dimensional theory for form modifications
in the spacial strengths of Gaussian laser light bundles or beams.
The results of experimentation and theory agree with each other.
Under the appropriate ultrasonic power, the strength of faculae cente-
domains tend toward uniforwmity. Moreover, the degree of unitormicy
and the rangs of it can be adjusted. Because of this, it has even

more p-actical significance.

In references [1], the author already providea the theory for cnc
a

dinensional standing wave acousto-optical modifications of Gaussian

4
I

laser bundies as well ac his experimental results. However, in acztu-x)
vractical apnlications, there 1s a requirement for two dimensional
modifications of laser bundles or beams. Because of this, as far as
tws dimensional acousto-optical modifications of forn are concerned,
w2 carsied out a theoretical analysis. The help of computers assisten
calculations as well as the relevent tests that were used showe.

(

)

learly that, in two ainsnsional situations, 1f one obtains a lasern

-

heam wiithh sabisfacto-y continuity, it is possible to control the fors
modifiz<tion. still, it is necessary, as far as the relevent

paraleles s are concerned, to make a reasonable selection. This

+-ticl: aives the selackion ranges for these relevent parameters.

In two dimensional concitions, the light field distributions of

4

Gaussian Tight bundaies or beams can be written in the form below

(2]

.

E'z, g, o, t)=(Wo/Wexp{[— (22 +¥) /W] +ilwt— ("]}, (1)
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In this equation, the significance of the relevent parameters is as
shown in Fig.l. Among them, WO is the bundle o1 beam waist radius.

W is the faculae radius at the location z' on the front surface of the
acousto-optical device. (o and T#Y are, respectively, the angular
frequency and the phase of the light field. Due to the
acousto-optical cffects, after the light beam passes through
acousto-optical devices, the phase will produce a change ¢;¢L.

Because of this, at a location z on the back surface of

acousto-optical devices, the light field should be written as:
Elz, 497z, t)-E<zJ Y. ‘I: ‘>9XP("’:A¢>e (2)

On the lens L.'s back focal surface, one then has:

Do

zn—)':g

I-L_.

6 2 z=2-L

—-_—l
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Fiz. 1 Schematic diagram of intensity modification

16,7, 0= [[Biz, g 5 Dexp(=iE G+ Hdzdy S
[ ‘ L
In this, kK = 247/ N\ . /\ 1s the light wave wavelength. f 1s the L
frcal distance of the lens L2. If one lets what the acousto-optical _
device adds be the two dimensional non-correlation ultrasonic tiela, 0
then, the phase change caused by this should be: /"% O
[ p—
-/ ]
4¢h= 2K Lmg = K L7 A0, $in (weet + K yo2) + Aty SID (el — K o7 ] -/(4) , ]
+ K L 4n, SiD (wy! + K Y) + Any, sin (wet + Koy ], , C};”
ud/or_‘_‘

sist . opealal




If the two dimensional field is of the same fregucncy as well as

correlative, then, one has:

dp=2K Lro+ K L 4n,sin(w,t+ K z) + dn, sin{w,f — K ,2)]

{(5)
+E L{An, sin(wt+ K y+¢) + dn, sin{w,t — Ky +¢)],

In this equation & N and & n , respectively, represent ths

b,

=3

amplituae valuas four changes 1n the rates of retraction in the X ana y

directions after the addition of the acoustic field. QJQX and ¢
o
; respectively, represznt the acoustic or sound wave circle

Sy
frequencies in the x dirsction and y direction. K_ —and X_

\,l

then, resp-ciively repressnl the sound wave wave vectors in tne »

direction z2ad y diraction. Wwhen two dimensional sonic fields have thc

same frejuzacies and are corr=lative, ona has o sx T COgy T <l
D) 2
and K = K = K_. o i3 the phasv diffecence betwesn the

3 sX sy S
sonic fi=lds in the x direction and th- y direction.

Take equaticn (4) and substitite into equation (2). 1In
conjunctlon with this, going througn the operations of ejuation (35),

is posaible to obtain:

1, m 6= J ([ o expl- (@ +92)/WT) 3 Tu(n)expl—im(wut = K ur)]

=%

» }:‘ Jalrexp’ ~in‘wut + Kuz)] S0 Jo(r, expl~tplwnt~ Kny ]
fz—oe p= oo

2

x 27,0, expl ~ il (ont ~ Ky Jespl— (K (2§ +4m), f1dzdy |

jz -
- WA exp{—W 2 (K¢ f)+Ku(n-m)]?
—W2 2 (Kn'f)~K.,(p-1)]"}

x N S Jm('l':\‘]n :1'39:?{“’1'@{':7"“’“)]

- - L2
X S S Jv‘i’?';\Jl(’”ﬁerp["':‘df(?”‘z,\- e (6)
g2 mw jm e
Le a~= H’Kf/ \'/’_Q_fi B'S U'KT."/ \/—Q—f: Oa"zn-/?du; an . ; C =
y

2““;~sy' Here, /) Sx and _/\ sy’ respectively, are the sounua

wave wavelengths in the x ana y directions. Ji(v) is the ftirst type

ith order Bessel function. Its argument Vo (or vy) has Ve = KL
Ahlx (/y = KLAﬁny). Bocause of this, ejuation {(6) can be writtzn

*
BES 3
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xexp{~{a+aCeln—m)/ 2] - [B+xCy(p-1)//2]%
Xexpl~dwt{m+n+p+1)]3,

I(a, B, i) == oHT? ' E S }; .? J.(‘L‘,) Ja ‘("':\ Ji('tv\’ JI('W)

As far as ejuation (7) is concerned, after solving for the time
average and, in conjunction with this, unitizing, it is possible to

obtain

I{a, B)= (/=W AT e, B, 1)
BBV (N ECHFHCAN O
LT i

xexp{— la=xC,(n—m)/~'2]17 = [B+a0,(p~1)/~/2]%, (

o
~—-

*
( Her=, the various subscripts selected--m,n,p, and l--all are

szlecied with values that run from - o> to o< . The same is trus=

pelow.)

If th+ sound fi-lds that are added in the x and y directions nhave Li.
same {rejuzacies and the situation Is such that they have equal
A
a2 s
hat is, /" = /. = L roo= = S we 5
t s, /w oy <t gy roVy vy vV, a 11 &

s,
Cx = C, = C, then, equatinn (&) can be simplified to Le:
4

DOWe:

Ia, )= 33X HOPHOPHROMAC)
x exp{— [a+xC(n — m)/~ 21— [B+a0(- p)/V2]%,

situation in which acousto-optical modification is often

(9)

This is a
used., If{ v = 0, that is, in a one dimensional sound field

situation, zguation (8) easily becomes a formula expressing the onc

dimension:l modification:

1(a, B) =exp(— B X 2 Jo(va) J2(va)exp{ — [a + 2Co(n—m)/V2]%}, (o)




If v, = 0 and vy = 0, that is, a situation in which sound fields
are not added, from equation (8), it is possible tc obtain the n>wmal

Gaussian laser light bundle or beam spacial strength distribution:

I(a, B)=exp[—(&®+8)], (11)

If one 1s dealing with a two aimensional correlation tiela,
carryingy out +the same type of cperations, it is still possible to
obtain equation (8). This explains the fact that the strength
distributions on the focal surface behing L, and the phassc
differenc: q: bhotween two dimensional sound fields are not related.
At the samc time, take equation (8) and, by comparing it to a on.
dim:nsinnal situsiion, it is possible to know that it is only
necessary to seleat app-ogriate values for the paramete s v and U ana
it is then possiblae to realize the sinmultancouus modification ot

Gaussian i nt beans or bundles in the two directions-—--=-x ana v,
= 2

I1L

in order tu gquentitatively describe the results of modifl zations,
introdice a "modification factor". From equation (1li), it 1s possiu. e
Lo Know thnat I(a=0,fl=0) =1, I(a=0,F>=1) = I(a =l,f‘= ) = 0.57. L1
this way, we cen selzct light strength change situations in which 7 =
I positinis {(o° a = 1 positions in conjunction witin respecilveny
taking,ézo O A to represant it) to act as measures of the
effeces of modifications. As is shown in Fig.2, it is possible to

d2fine the modification factor Lo be:

G(v, ¢)=(I{0,0, v, 6)—I(ag, 0, v, ¢)]/1(0, 0, v, ¢) t12)
={1(0,0, ¢, 0)—=I{0, B, v, ¢)]/1(0, 0, v, 0,
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This definition is aimed toward the eqguation (9Y) situation, that is,

it deals with the situation where two adlimensional sound flelds use Onw

(3)

signal source as drive or motive force . This 1s also the

practical situation with two dimensional acousto-optical

modifications. Because of this, it has even nore practical
significance. From Fig.2 one can see that, the smaller the G value
1s, within tho same spacial range (delimited by = or/@ O), the

more the light strength distribution tends to be renderecd uniform.
Moreover, it is possible to maintain a fixed relative strength. Fig.'s
3 and 4, respectively, give one the relationship curves G(v,c)-v,c for
the - or v parameters. These are calculatea on the basis of ejuation
(9). One can sa¢e that, when the v value 1s fixed, there is a
rejulrement for o to be seclected within a fixed range, and it is just
when this 1s done that it 1s possible to obtain satisfactory
modification vesults. For example, when v = 1.5 (corresponding £ a
moderat- powes mode), with the point for the optimum selection for the

o valu~ in th. vicinity of 0.5%., At the same time, it is stil

I, 8,90
1(0,0,0,c,=1

10,0,%,¢)
= I _0,‘,50- ); O)

Fig. 3 cCurveol ((v, c/~?

-

Fig. 2 Factor of the n.odification

possible to seo that, «fter v > 1.5, the selecteu value cf ¢'s

influence on mocification beocones unclear. Ot course, ¢ values still

arc bount by the original limitations, that 1s, ¢ 18 not able to bo
s2looteod s an excessively large value. 1f thils Is not the case, the
arodsto=3 tical ditfraction presents dispersion spectra and the
modification Toses Its Signific%ncelll. It also cannobl be too

6
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1s tos swall, then, the optical system will
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Fis.h ven s classical numerical presentation ot vilt -
In oit, 503} 1w toae Yiohil strencth distribution when v o= 0.
Doviosl s, o is a steictly Gauscian form. The other relevoent
sacarooors e all o eppropticbt. values, that 1s, _,//\‘ ey T _4\_ -
= T J T of)/u [ PRI r:’lju'u‘\ ion with tnis ana (‘1-,n_' [EIET T S \/‘l
pasow = L = 0= U4, FiL,o5(0n) 1s the mocibficabion siiuatlloi
COTrws o Lo Lo o whieao v = 1.5. It 1s not aifticult to swee th.ot oo
Lo . e Lo the vicinity of its cventer domain are alivoa.
e ly o iing toward horooenication. 1f one Increases acoast
RS Aoi, o Lo, o oexamplo, solectivg vo= 205, that 15, w0
L sltulen oo sonn:s to Bi;.5(¢), then, 1t 1s possiule L
Gisooee s that, althar 0 the center domaln 15 clearly honojenta o,
coeate Yagnl o strencth, however, stili experlences a ruelatively Lar
G Bereuss o this, this type of modifircation 15 also aitticud
mase practical use of.  If one makes use of a modification tacto
CVa LAl Lty hat 1s, zalo.lates on the basis ot eguation (L2,
th. G voalu cocoesponding o Uie Lhree types of siltuations aescriueu

above respectivelys:s G(O,c) = 0.63, G(1.5, ¢) = V.18,

= 0.22,

anitiz-3,

Aty
V-
Yy,

ig, ono selocts g = G(v,c)/G(0,c). The three

that

the G values using Gaussian light beams or bundles are

Ly pes

s’ tualioas d-scribed above are, then, respectively, ones with s, =
1.00, 5y, T .29, and Y. T 0.35. It is possible to scve thattho
secont situation, speaking in terms of moaification, 1Is very
Lppropriate . In order to compare, we also caluliated out and drow

anu Llged,0C)
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than the axgle of divergence of the original Gaussian light beams. 1f
one defines the light beam divergence angle on the basis of the 1/e
location where the light strength drops to the center s’ ength, thszn,
the divergence angle corresponding to Fig.5 is 2.1 times the faculae
argle of _ ropagation in Fig.5(a).

If the frequency of the sonic field used is dropped down quite
low, then, after moditication, the angle of divergence of the light
beams will b2 reduced as ccmpared to the divergence angle when the
freqgoz2acy ie 10MHz. In this way, after modification, it ‘s still

possiile to maintain a certain light energy density.

v

Tne acousto-o,t1c.l wodulato” structure Used 1n LwWwd Guiiensionsl
molification “» as shown in Fig.7. This is a typ= of the so-cailed
{

iatesccling slectrod wetmoi. 1t i alsc possible to mah? use of

SLoio crystals (£927 examnie, nioblate of lithium and other

> X
LS LI . Y . . . L -)J - ..
similar sinstazuces) th. acoustic resonance =ffects of which forn

two dinensiionsl sound fields. The experimental appacatus and the on
dinznsional situatinn are, on the whole, the same[l]. Tt is only

the form of power for the signal source thal is changea 1nto two
raths. Duw to the fact that the electirode structure, thoe pow-— outnhut
feeder lines, and o>tV 2~ similar factors are all the same, it foliows

then, thar 1t 13 pussible to obtain, in the two alrections X and y, a

.-
-

Lilrasoni-s £1 173 with the sane strengths, that is, having v =
= J e ‘
Tig.8 is a schneratic dlagram of the experiments. The signal
Teequency was 10M42.  The amount of power was shtandariecd oy the
oatput voli e value (uod v) of the signal source. Modffication
results weoo read out through a scanning photoelectric multiplier tuo
tied into an A=Y recording instrument. The diameter of the samgzling
apert - of the multiples tube was qB 0.2mm. Severali classical
messurement results are shown in Fig.'s 10-12. When the acoustic
field is not added (v = 0), the Gaussian faculas or light spol- ana

their strength nrofiles are given in Fig.9. Fig. 10 is the light spol

10
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Fig.7 2-D R-N Acoustooptic Modulator (1) Piezioelectric Body (<)
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Acoutsto-optical Dielectric

Fig.8 Expo-imental Set-U; (1) Lascer Device (Z) Moaulator (3)
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F.c. 9 (a) Gaussian light spot for v=0; (b) Intensity profle of light spot
(g=1, um0, cm0.5

|
N g!’ g=0.23
| u=18V
4 | e=(0.83%

J
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(@) ()]

Fig. 10 (a) Gaussian light spot {or output of signal sougth, u=18V;
(b) lntensity profile of Lght apot (9=0.25, u=18YV, c~0.538)
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(VS = 1550m/s). The piezioelectric body was guartz 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.&, but
taking out the lens Ly, and, in conjunction with this, changing to
the usc¢ of 1.8/um laser devices, the output power is 5Umw. The laser
bundle or beam directly radiates into the modulator. Because of this,
laser beams or bundles actually have light spot diameters of 2w 7~ lmm.
Taking the 871hHz ultrasonic as an example, the results of
measurements WQTG.J/\ s 1.78mm, ¢ ~~0.56, satisfying the
modification requiremznt. When the acoustic power (situation without
matching) is ™~ 2.5W, it is possible to obtain relatively satisfactory
mi»iifications. At this time, the results of actual measurements of
dive gince angles is 1.47'. This is 1.4 times the divergence angle (&
t.07') for the in-radiating laser light bundle or beam (that is, v
=0)., Tnis valu: and the theorctical value (1.6 fold) compare to each
othe as roughly the same. The exterior shape of the light spots ana

the light strenyth distribution curves are roughly the sam.: as Fig.lu.

V.

The conclusion is that it is only necessary for light spot
dimensions to be smaller than the ultrasonic wavelength, the Gaussian
strength distribution of tocusea laser lignht bunales o pbeams be abvle,
ander the eff:chs of two dimensional ultrasonic standing waves, to
form twd> dimensional strength profile adjustable light spots, and, in
addition, be within a definite renge of parameters, and have moderate

sonic powers, and, at such a time, the strength distributions of light

spot central arcas are able to tend toward uniformity. The deyree of
uniformity end 1ts range are capable of goinyg through adjustments ana
continunus changes in acoustic power. This is the important point at
which this method is better than other methods of modification

[4’5J. Because of this, it is unusually suitable for use in

circunstances where light spob profiles are adjustable, ftor example,
it will achieve widespread applications in the fields of lasers for

medical use and laser heat treatment.

T/




The important disadvantage with this type of method is that, dus

(el of the light spots

to the fact that the strenjth fluctuations
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 fruittul
discussions with Professor Sheng Qiugin. Comrade Chen Ping aiso

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