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In 1¢32 P, Debre and F, ... Sears in )merica and i, Liccs

N

‘nh b, Bicuand in Jfrance discovered thet if a berm of 1iht

pas es chrourh an altrosonic field a diffrcceticn pattern is

creduesd which revenbles thau dite to a ruled grating.

54

sreving eongtant of the vlircsonic grating corressonds to the
vavelength of the cond in the medium,

If new cne 21lcw. the 1liht to be diffricted by & second
“ltresonic groting, we mey ovserve a complex rattern of lines,
Dirt 1o, Joble diffrection.  We mey cunoider tuc cases: he
crre where the pratinz conttant of cvne of the ultresonic gratings

is an integrel wltii le L the censeant of tiae other,

cL «

1

and the c'se where the grating conzitent, ant hence the vweve-
length, «f cne ultrascnic beem hes no narticnl-r relsation

> the crating constant ~f the other., In the first cose dif-
Ifrrction ovders cdue tz cne cof the gratings will c:incide with
ceryrin ef the diflfr cticn lires <'oH'Cfﬂ by the other srating,
In the -ecrrd ceoze lires may be cbserved wi ich zre not present
in the Aiffreaction vatierns due to eitver «f the gratinss
c 1: idered sevavrtely; there cre khown as conbilaation

Nooble Yiffr-ociion may be c~btrined in severcl wars, A

qurrtz crstal mi~ht be encited oen tuwo of its odd hemwonics.,

£

where the wove-
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In this oy cne obtains tuc slb:

lengh of cne ic an irtegerl muliizle o the wevelensth of the
other and where there in a delinite ~hase relciicn betueen

the wo fields, It is ::s5sible to obt-in double diffr:ction



2
in this cere since the ultres nic poiting has an extension of
veirtess twe or three certimeters al ng the lizht beim: Yence
theve is ai.de ¢. ¢rtuniby for the Tight to te diff - cted by
cne ultr/sonic gr-ting and then to be rediffrocted by the cther,

Sincz in 2 :olid vne ma hove shenr waves a3 well a5 1l.ngi-
tudinal wives, dorble Aiffreciicn may be ~bicined in trrasprrent
s21ids in which en ~lir:zoric field hes been set vi, Since
tre velceirier of (he sherr wrves and the 1 noitndinal weves
fre dilflcrent Uhare vill Tenerallr b tuwe ultre.oonic grsiings
with difvsrent conctants and hence dooule difle-ctionr,

Seubla dillr ction wmar 2loo e cbt ined vy vsiny tuo fec-
srete nlurasonic Lelds wrodocet br two cenearete transducers,
Ah this arrerconent cne 13 free to viary tne constonts of the
tio 1ltras-nic eratings indspendsntlr and alvo Lo very the
Lvbenedtics of the uitra ~vic {iel s ard h=ace the numher of
d-foreeticn orderz,  this miltes it noecible to obtzin a wider
verielr of yotternns,  hic method diffe-n from the other lac
al:o In th=i the two gretings are nct suporiosed, hey wece
rredvead in this c~"e in two seprrrie tanics of 1lig:id.

In this stily only the 1-tter uethel?, deuble diffrection

ced By Tu sepoee s sltres nic fiel s, shall be contidered,
his en e wes L1esb Luves Ui coted br L. bergeoann ind i, i ¢o

1

znd 1-ter L7l AL Govinda cac end v 3, Porthasaraetly and

| ISP PRRRE S FN K J - I . - R B A m
Vozkrishen singh o w8 theee eorlier svniles hizd oniy been
sheyeres S » - O O H a ~ o~ a LN
made in a2 rother limited rance of Tirecaencl o ond coond inton-

citize it 2izerred dosireble to ctody mlidulie diffraetion

eftcets ver a wider ronte of frewencics,



II., THalhY
Moltirle diffrection henoncna hove been concidered in

6

the C, V, Roman end ¥, 3. Nagendra Neth theory of diffraction
cf livht by ultraconic waves, Since the ultrascnic grating

hes a finite extension al:ns the 1i_ht beem, lig-t wiilich has
been diffrected by cert of the unltrasonic groting may be redif-
frocted by succeedirg parts of the grating., Lach difiraction
croduezs a Do nler shift in the frewency of the li~ht egral

to the fresuency of the uwltrosconic field, In this gy llaman

Ry

and lieth wewe cble to exnlain the frecnency distributicn ov.r

ct
)

suibcomronents of & diifr«ction order,
{n the basis of the :raman and Neth diffrsction theory,

3 A

&, Fhes obthined a theory of douwble cdiffrection by two ultra-

sonic gr-tingss with diflferent gravine consiants, K, Naca
hushena Ra0 obtr ined th- crme esults by :xtending the methods
of the generalized theory of ¥. 3. Nagendra Nath .
In his parer Fao gives for the angle 6%5 at which 4if-
v ction lines nay be observed the expression
sin n,:r’% +5</%; (1)
t 2
in which r,s =0, £1, #2,- - -, A=wavelenzth of the 1liiht and
A 'nv3‘X are the wavelengths of the firct and second ultra-
s.nic berms,
One may ceec from emmation (1) that if the ccond field
is tirned off, that is, if s=0, we obtzin the ex recsion for
the angles at which dilfroction lines due to the fir:t groting
cline mey be ob erved, when Loth nltrasenic fields are turned

on, the 1licht, after pacsins throngh the first sroting, will
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be split into diffraction oriers given by the first term on
the risht in equation (1), 3ach of the diffraction lines of
the first groting will 2ct as an effective light source for
the second grating, low the sec nd term on the right in ecua-
tion (1) gives the lines produced by diffr-ction in the second
grating, of iight in the rth orcder of the diffraction pattern
of the first vlitrasonic groting, These arve thie so-celled
conbination lines,

povation (1) i: obtained under the essunption that
sin@. + sinb; = sin(6,.+8, ) = sin 9,,,, wilch is justifieble
since the diffraction angles are small, (For example, the
angle for the S5th order of a 10 mc/sec. sound field in xylene
with A=5)61 A is about 1.2 degrees,)

The light in ths rth order of the first ultresonic grating
will be traveling at the angle O=arc sin(r'-%,,) to the incident

(

bo'm of 1light and therefore will be oblicuely incicdent upon
t'e recond “ltrasonic grating., It would be expected that the
combiration lines corres.conding to a given value of r would
produce a pettern similcr to that procduced by diffraction of
an oblicuelv incident beam in a single ultrasonic grating.

The theorv of Raman ani Nath for the diffraction at ob-
licue incidence predicts that the diffraction patterns .ill
be smmetric sbout tne centrel corder; but, as thic angle froem
tie nomel increnses, the intensity ol the diflr-cticon pettern
will vass through pericdic maxima snd minina, The angles
#t which the maxiina occur are given by thie expression

=in(@+ ¢ )-sin¢:£n%ﬁ (2)



vhere é is the angle from the nermal and n is an inteser
rrester thon or emual to zero,

in exten’ed study of Fdiffraction by an vltraconic grating,
of Yi/ht which is incident obliquely has been made by Ctoniko

9,10,11,12
Norcto . Ihis study has shown that the predicticns
of the “aman and leth thoory for oblicie incicdence are v:1id
at low uvltrosonic frecnencies, At hipher frecuencies, however,
the diffraction patterns cre no lrnger symmetric about the
centrsl crier,

This esymietry is exylained by the foct that at hisher
cne of selective or 3roigg re-
13
flecticn, Richard C. Litemamn derived a thieorv for dif-

frecar~ncies the eflcct becimes

fraction of 1lisht at obligue incidence by cencidering the
“lir-sonic field to hrve a rtracture similar to that of a
crystol, ‘The thesry shovs that the intensity of the diflrec-
tien pattern and the de:ree of asmimetry heve naxima av angles
Jives to the Bregz angles, that is, angles for wiiich
sin@= n%;, vhere n=21, £2,- -, and thet therse moxina a e
very broad,

frcin these considerstions ve con expect thit et low ultre-
s nic frecuencies the conbin~tin lines for a given value of

)

r 7111 be syrmetiric ~bout that orler., £t hizler ulires.nic

{~canencies, hewever, the combincticn lines for a given r will

be relectively r=flected tewird the centrel or'er., The eflect

Si11 vorv o gretielly fromoshowing predominantly the difir-ction
the Ranen -nid Hath theory at low freouvencies, throvsh medinm

frecoenciss to the jrod minsnee « f Brogg roflecticn at hich
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ultreconic Lre vencies, lthouch Brege rellectiin neyy intio-
dice an csvimelrs In the combinati-n lines ebsut the owder +4r,
a sillar asyvimietry ocenrs for the order -r so that the overall
petbern is simmetric abont the central order,

Bonrticn (1) ¢lco shows that the nostions of the dif-
fvection lines will be unsflected by roeve siaz the orier of
the vvo wWltrrvonic geebings, ~t freomercies for which the
Bawen and Jath theory is a plicible, the intensitics should
also be the seme. At higher freciencies the patterns will
rot be the soie with the
off Brroyr reflection will be grecter if the igher frevuvency
field is sec: nd, introducing a chenge in the inlensity dis-

trobuticn, This gilves a siple merns of illustreting the

cffect of Dregy reflecticn,



IIT, &Skl oot 2005
The optical :etup which is used in this work diflers

Ceow bhe oy tenn uoualls wsed for cobserving diffracticn phen-

onn cnli in that thore rre tuo ~ltres.ornlce gratings instedd

cf the usu2l cne, Sce Fiz, 1, The sonrec of 1ight is a high

rressnre mercury arc roted at obert 110 ustus, The light

cen thwe 7h o filtcor which trrnsmits onls the srecen line

2 5h61 A tefore 1illuminsting the <1it which reives as the

eflretive scurce, The lishi from the slit is collimotel by
6,5 irch foesl length lens; ithe cbjective lens is of 20

inch fcesd lensth., The cmmers, @ model V mxckbz with ils

. 1
!

lens rewsove™, groved to be ¢ wlse cholce cince its foc:l plane
sh tter vermits a wide renziz of exvosure times ond since it
tolts a lrrze supply of film,
ne nlectronic Lonipment
The electrenic ecnipment ceousiots of Luc coentinious weve

.

frecuency troncndtters,  The ostont of tie troncmitters

]

iz e ntimously vericble uo to bout 150 watis., Freguency
mercurcacnits are nrde with e Tipe o, 620-A leterodyne Fre-
creney leter and Calibr:bor, Serial ko, 1117, menf-ctur-4d
b ik2 Genercl Goio Co,

- Tltrrsonic 3o00rees

ne round sources fre A-cit curitz tiransducers eithor

<
8
-

ne-Lfourths inch or cne inch sagnere, 3ince the 1ligoid used

0]

x7lens, a ncn-condrcltor, the electrodes are aliainiun foil

sbred to the frces of the cryst-l. The cryotel is wo . nited
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or a syatem of rods which permits threc decress of freedom

in «dinsting its oriertaticn., In the ceze of the 15 mc/swc.

thet freovencr 1t is difficult to obtain a svufiicient munber

of Jiffrzcti-n crierse.
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IV, Slr SRl S0 AL PROGCEDU RS

The procedure for obteininag e double diffrroction pattern
ber~ins with the adjustiient of the optical syutem. idith the
help ol tre built-in m-gnifier, the position ol the canera is
aijusted to 7ive a sh-rp slit imcge on the ground glass viewing
1 v,  Clesing the iris, thos limiting the cross-section of
the incident 1light beon, Telps to incre:ce the sharcness of
tre slit Lvoge. In this work the diameter of the iris is
ahont 5 rnm,

Since the rooonant freguency of thie seve_al tranaducers
is kaww ansrexlictely, the tronsiittors are tuned to this
vilee, Usually o-is is sufficient te produee a usable dif-
{raction prttern. In the case of the 15 me/sce. quartz and
for others wW.ilch ~re excited on higher odd heormonics, it is
necessary to malte a finer fregiency cdjnciment., This adjust-

ment is male by v-r7ing the fresuvency wntil the ovptimun dif-

"

cctien is oburined, The criterion in 211 ca es is that

=,

there e sufficient diffraction; usually this wme-ns thot at
lcast the 3rd or«=r be prescnt,

Using erch ultrasonic grating alone, the orientotion of
the ciy.tal is adjusted so that its pattern is snmctric about
the central order, :“fter both gretings arve a’justed in this
wav, the couble “iffraction pattern is observed., The orienta-
tion of each greting is very critical; even an ooyuuwetry wlhich
can h' rdly be devected in the inividual pati-rns shcws up :s
a notic:able acyimevry in the dcuble diffraction pettem.

]

when a deuble diffraction patiern is cbtained which is s,i-



11
metric about the central orier, it is vhotographed, Photo-
graphs are alsc made of the paticins for each of the gratings
alcne, In addition the frevuency of exch ultrasonic field

is recorded,
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V. DATA 2D DISCUSSIEN
In precenting these data the fizuves are prepare’ in such

[

& we, that the grouning patterecs of tie double diffractiron are
nirde elerr,  T™in lines cre extended from the 1lisces in the
vhotegra;h of the d-uble diflracticn pattern., Superimposed
¢ these, in heavier lines, are the groupring prtterns for

By ~

the do ble dilflrsction and for the vriuary diffrrctions. In
ef”ition to the photograrhs of tie dcouble diffrsctilcn pattern,
tre ~hotogrerhs of the patierns produced by each jrating ere
included since the - serve c~s ziides in analysing the Jdcuble
c¢iffroetieon,

Throushout this study the woavelength of the light is
SH61l & end the 1icid use’ xylene in which the velocity of
sourd iz 13:0 m/sec. Thie photographs are not all to thie same
scale since the, were nct enlarzed by the s:me factor frum
the orisinal 35 rm nez-tives

sren fimure shall be discussed sepcrately in order to
tolnt out the eflects which are nracent,

Timure 2:3=5,53 me/sec.

4=3.77 nc/sec.

e grovping potterns show thet the cabination liues
ere sauetric about each of the diffracticn orders of 1
firct graeting, The aspearance of only the fir:t or’er ¢ m-

-

vination 1lies abont the sec nd orders of the firvot grating

is due to the low intensity in the primarr sfec nd orders,

The lover intensity of the second pri arr cxrfers conpored

to tihe firct »rimarr or’ow moy be scen from the patiern of
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the first grating alcne., These results agree vith the Haman
6
1! Tath ’l}’n"eOI':)’.
Fiure 3:¥=10,83 nc/sec.
4/= 7.13 ne/sec.

The grouping patterns show asyrmetbry in the douvle dif-

("I

fraclizn about both the firit and sec nd primary orders. The
reason that the asyrmetry about the second urimar; orfer is
gre-ter than the aspanecry about the firct pririry crder is

1
thet light in the second primsry order is incident v on the
secend sroting ot en sncle very nesr the third Brogy angle

for this greating., Thrt there is asymmetry cboot the firet

e

priaery cricer, wiich is inclident at en angle miduay between

the fir t end sccond Brogg angles of the second groting, shows

(=]

‘- ~4

b the mrectina for Brogs reflection are very brozd as the
13
theor; of Txtermarm  predicts,
Pigure L: a Y= 9.96 mnc/sec,
1,=7.05 nc/sec.
L. V," .05 mc/'“'

15=5.56 nc/sec,

Jioure ll-a is obtaine’ by using the hisher fiecuency
scund field for the firct grotire,  The creltirgs are intor-
ch nzed to obtain figire li=b but the s.zie sound intensitics
arc used as in fijure l-a, Compirison of the tuo patierns
sho.: that thev are rct identical., The sccind arrangenent

.

o reflection,  This

(]

shows nore strongly the effect of Dire
cgrees with theory sirce Dragy ellects incresse with increcs-

ing frecrency.
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More S :1{:']{: 10.00 e/ cc,

wo ulbras nic fields of the swane frecuency cre adisted
to provuce the srre diflrocticon prtlerns,  Accoriing to the
hamen cnd Lath thecry, the difdriction patiern due to these
two gretiogs tos:irer is the sawe as the Jdiflfriction p=tlern
of re field at an e litude twice &z grest.

The pouver to the firct transd-cer is afjusted s that the
currert throust it is 0,75 apercs, \ith the intensity of the
secund sand field a“justed to give the séane diflracticn p:t-
torn, a [ hotosranh ls unle - f the deuble diffr: cvion petiern
fr tese two ultr:s nic gretines,  The curcent through the
first tennsdncer is increcsed to 1.5 an eres and the pritern
for € 1s gretiveg slene i3 “etegrirtied, /& cos vison of these
Lo pitberns in fimire 5 shiowe Lot thev ore different, The
sioller nunar of diffrocticn oxiern in the deuble diffrocticn
poetborn may Lo el dnet by selective r [lectin, Li
the Cillrrcbicn oxic s of the fiv t g¢roting will be incident

noon the shend crating at rrecisely the Brogg angles of the

cecond grovivg: Thes there will be reflection baci: to.r d the
centrs1l crier,

Figire 6: a,M'=1.27 nc/scc,

b, The Jicht iz now oblicacly incident on Ue

i grotisg

in order t- obta'n prestor in-

~ e

tersity in Ve Pigker dillr: ction ordors,

“he cro ping vrobo ong sheut the Tient price v oo o Sow

o

sur g Brogs rellecthi noeven thouch the angle of incilence
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is quite different from tiwe Brogg anvle for the sec nd groting,
T.is is exypleired by the fact that the Bresg maxda are broad,
Fisure 6-a show: that for the sec: nd priniry ord .rs the couibi-

nati n line: Loward the outside cre stronger than those toward

the centrel orier, In firurc 6-b vl:is is showm nere clearly,

-

T

Tiis asumetry is orosite to the asymetbtry prodiced vy Brogg

reflection, o exzlanation for this eflect cen be given fron

the c.noidcraticns which lvve been precented in this pepeor,
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T

Flzure 2: Donble Diffraction at Low Ultras-nic Frequencies,

4, =5.53 mc/=scc,
44=3.77 ne/sec.
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Figure 3: Double Diffraction at iicdiun
Ultrascnic Frequencies,
4/'=10.83 mc/ccc,
V= 7.13 me/sec.,
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IR
~ RN .

Comp: riscn of the netterns produced by arrangements a, and b,

Ficure h-a:V'=9.96 me/sec,
! ! it /
7.05 nc/sec,

Figure L=-b: The or’*r of tvﬂ f“ clds is reversed from th:st of

-a, the sities remain the sanme,

1}_7 OD T.C/ SEC,

z_.;‘.,() mc/sec,




1.

ii,

iii.,

iv,

19

Fisure 5: Y= V; =10.00 ne/sce,

-

first grationg with transcucer current of 0,75 au s,
ii. D3lecond grating adjusted to give the swie pattern

' as the first,.

iii, Double diflracticn pavtern of the first end cecond

-
.
eS|

4.

L]
iv, Firct greding with trensducer current ol 1,50 avps.
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a

Ficure 6-a: Double ciffraction at high ultrascnic frequencies.

VY=1.27 mc/scc.
V= 9.2l me/sec.

Figurg 6-b: The first grating is now at a small angle to the
incident light be~m in order to obtain the higher
diffraction orders,
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VI, SILLRY

Tne dats which are precented in this stndy illustrite
thot deuble diffrretion by tiwo nltrascnic gr-tings con te
expleined br ¢ nsidering the diffrretion orders of the first
cr=tirg tc be el ective 1iuht sources for diffrzcti n bs the
sec nd wltrascnic grativg, 3ince the diffractivn orders for
the first gratirg will be traveling at on angle to the inci-
‘ent verri, they will be incident oblinuely ur.n the sec nd
grating, 4t low frogvencies the effects are iu accordance

6 .
with the 7Panen ond llath  tlieory for obli.ue incidence., /it
hizher frequencies selective or Braggz reflecticn will appear
13

s pre‘icted by the theory of sxtertaan . Ab hich frecquency
tireve occurs an esvinietry in the c¢ nbination lines so that
the diffraction is stronger rway fr-u the centr:d order,
T 1z i5 nct explained by eitier thecry, TFurther invectigaticn
=t Y ish nltresonic frecuencies is necessary t. clarifly this

discrepancy.
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