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In Ihis work \Veanalyze (hc dillractioll 01'(\\'0 intcrfered heams 01'lighl hy a slraighl l'dgl' upaqul' scrcell in lhe r-resnel apfJfoxi rnation. Closcd
analylical solUliollS 01' Ibe l'Onsidered prohlcm are constructed. A dctailed analysis, hascd un Ibese soltuions. has demonslrated inleresting
ami ullusual ellccts Ibal sbow a considerable interaetion hc(wcen inlcrfcrcllcc amI L!iffracliotl. TIlL'possihility of con(rol!ing diffraclion hy
means 01'inlerfcrencc is explored. 'fhe resut(s of diffraetion expcrimcnts are in a g(lod agrl'clllclH with lhose of (he theoretical analysis.

Kc.nnm/s: Difra(.'lioll. inlerfcrellce,'edge ami boundary elTects

En es(e tahajo analizamos la difracci6n de dos haces de luz interferidos prodlH.:id;¡pUl"\ln;1pantalla 0p;lCa con un tilo nxto en la aproximaci<lll
de Fresne1. Se cOllstruyen soluciones analíticas cerradas de este problema. Un an;í1isis del aliado basado en ('stas soluciones revela efectos
interesantes y pOó1 usuales que muestran una eonsiderahle interalTiún elllre l'."tos dos ekctos fund;lInentales. Se explora la posihlidad de
cOlllrnlar la difracciún por medio de interferencia. Los resultados experimenlales concucrdan con L'I<In;ilisi."teóril'o en huena medida.

Ikscri{,/on's: Difracciún. inlerferencia. efectos de horde y de frontera
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1. Introduction

WhL'1l ¡¡ghl propagales through a homogcneous. linear. and
iS(llmpie lllL'diulll. lhe lwo effects which influencc mosl the
lighl intL'llsity dislrihutinll in a particular region of space are
ditlraclion alld inlerference. 11-11. The problem 01' control-
ling Ihese 1\\'0 ellecls. and their mutual inlluence is 01' con-
siderahle theorelical ami practical ¡nterest for they under1ie
a 101 01"lechnologi(.'al devclopmcnls. Wcll known examplcs
are Fourier oplics. holography. holographic interfcrometry.
Dillraclioll is tradilionally considcred as an undcsired elleet
ror il (;ll1SeS spatial spreading amJ I"ringing ofthe uscful radi-
anl energy in oplical inslrumenlalion. Thesc l\Vo artifacls are
kno\Vn lo eons(rain ultimalcly the resolving power 01' optical
in"lrulllellts setting a fundalllentallilllil to thcir performance.

On the O(hL'f hand. Ihe sludy 01' inlerfcrence 01"\v;wes has
given rise to the I¡eld nI" inlerferomelry whose importance in
1ll00krn science is very \Vell estahlished [21.

In Ihis repon. \Ve consider the hasic experiment and Ihc-
OJ"l'(ical analysis 01"dillraclion hy an opaque screen wilh a
\lraight edge. Instcad 01"lhe usual single \\'a\'e illuminalioll.
we Jssume Ihal Ihe t¡eld is in Ihe I"orm 01' lwo piune wave-
fronts l1lulually cohercnl. Thc interl"cred incident field has
cosinusoidal variations 01"amplilude v.'hose period depends
on the angle hctween lhe wave vectors 01' the primar)' bCílms.
ami lhe wavclenglh nI' the ligill employed. The diffracting
screen is so posilioned that the edge is parallel to the inter-
scctionline belween Ihc Iwo plane wavefronts.

Closdy related lo this prohlcm is the simpler situation
posed by Ihc dilTrac(ion hy a slraight edge 01' a single Gaus-
sian or convergent heam which has been treated in the Iitera-
ture 1:;-101.

Our <lnalysis is hascd on the theory 01' Rayleigh and Som-
Jl1erreld (sec. 1"01"cxalllple. Refs . .3 ami 1), The mcdium of
propagalioll i" considercd homogeneous. isolropic and lin.
ear. 'fhe ilH.:idenllield \\'as assullled lO have s-polarizcd plane
inlinitt: wavcl"ronts \\'itil unit ilmplilude in onc CJse and with
a (jaussiall amplilude protllc in lhe other. The ohservation
screen is loc;¡(ed al a dislance .:: !"mm the edge such that lile
Frcsnel approximation is val id. \Ve derive a dosed fonn ana-
Iylical Sollllion. \vhidl allo\\' LIS10 perfnrm a delailed analysis
nf the cOJlsiL!ered prohlcm in a wide range of parameters ami
finL! oul intercsting ellccls produced hy mutual inlluence 01"
dilTraclion and intcrl"crence.

rhe organization nI' Ihe paper is as follows. In SecL 2 \VC

pose thL' prohlellls amI solve Ihem in closeo unalytical forms
followed hy a graphical analysis of dilTrac(ion pallerns. \Ve
considcr IhL' case 01"plane wavcl"rOtlls in two cases: In Suh-
sed. 2.2 \Vith 1I1liform alllplilude oislrihulions. and in Suh-
secL 2.3 Ihe case \\'ith Gaussian amplitudc profilcs. In SL'CL.3
we presclll the fesults 01' Ihe expcrimcllt I"or Ihe ¡,;asc 01"Gaus-
si 'In heallls. The Illain results of the paper 3re SUTllmari/Cd in
Sect. .f.

2. Th~orctÍl'al ~ollsid~ratioll ()f dill'raction

2.1. i\lathclllatkal prrliminaries

A Cartcsian coordinate syslem (.rl). !Jo.'::) is attachcd lO Ihe
ohservatioll planc will1 Ihe axes parallel to Ihose 01' Ihe
(.r],!Jl,':) syslelll UIl Ihe dit"i"rac(ing screen. \Ve use Ihe
Rayleigh-Soll1l1lerlt:ld rorlllulalion of dilTractioll hy aplane
scr(.'en (sce. !"(JI"exalllpk Refs. 1. .3 and.f). Thus. the ohscrved
cOl1lplex ficld is giv(.'n hy (he \Vell J..nown Fresnel rormula
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2.2.2. So/lIfioll (~r,he dUlinOiol/ IHUh/CIII In,. (\1'0 inrel.fe,.ed
I'/o/le II'(/I'CS

The intcnsitv distrihution 01' Ihe dilTracted f1eld. .,
[(.1'0 I :,H) = IE(.l'o I:,(I)I-isgisellh)

We considcr lile diffractioll 01"Iwo inlerfering plane waves.
olle nI"which is IlDrmally incident and the other is incident al
an angle R. The amplilllde dislriblltion 01' the t\\/O interfered
waves is lhe l'ollo\l,!ing one:

[~+5(~<ln

(7)

- 1{[1 ]'1(.1'0 I.:,H) = '] '] +C(~,) +

Thc well known rcslllt rollm\ls from El]. (7), thal is. in lhe
case 01"f,I-incidcnt wave the fringc pattern al a dislance .:: is
equalto the pattcrn 01"Ilormally incidcnt wave. hU[ displaced
al the dislance ;; ::;inH along the .ro axis,

2,2.1. Diffracrion (~raplane H'a\'e al an arbitrary ungle (~l
illefdence

2.2. Fresnel diffractiol1 01' interfcring 1I1liform ","'aves

11'aplane monochromatic wave is incident al an angle (-)
with rcspccl 10 lhe ,,: axis on lhe screen, ils \\/ave veclor
k = (h;r. U, h:;) has only t\\/O nOl1l:ero cOlllponenls 1,',1"

hsillH ami kz = !;:cose. The incidenl fleld, in the sClIli-
spacc z < O. is given by

E(r) exp (-iwl) = ('xp (ih,,;r]) exp (ih,z)

x exp (in) exp (-iwf), (2)

where /\ is lhe wavelenglh 01' the ineident lllonochromatic
lield, and 1,' = 2n j A is lhe \vave nUlllber. Thc integral in
El], (1) has becn wriuen wilh inflnite lilllits, taking inlo ac-
counl that E(.!'¡. y¡) is identically 7.ero oulsidc the aperture
in aecordance wilh the Kirchhoff boundary conditions. This
integral rcpresentalion is useJ here as lhe basis 1'01'our sludy.
Elsewhere in this \vork we consider lhe diffracling screcn lo
be po sed in lhe .t¡ YI planc in such a way thal the edge coin-
cides wilh the YI axis.

The :ullplitlldc ami intensity dislrihlltions nI' the interlCred
lield in the plane 01' the screen are as follows:

whcre ('xp (-¡.uf) is a time dependenl harmonic factor, el is •
:1Il inilial rhase and r = (.tl,YI,Z), In accordance with the
KirchholT boundary conditions the ampliludc dislrihution uf
lhe light fleld immcdiately behind the aperture, al ;; = +ll ,
lIlay he writlen as folIows:

[
. (k, + /;): + 1,'.1', si,,!i + "]x (\XI'1-----------

2
(X)

wherc (':1(.1') is the slep function. The amplitude function
E (.1'I ) heing suhstituted for E(;I'" y,) in Eq,( 1) leads to the
following expression for the Frcsnel diffraclion paUcrn:

- . 1
E(.l'o I z,H) = A2 (1 + i)

x [~(I+ i) + C (~<l + i5 (~<l] (4)

\VhereC(O ami 5(0 are the Fresnel functions, ami the phase
factor .\ 'lnd the variable ~I are given by the following expres-
sions:

The intcnsity distrihu(ion Eq. (10) has the \\lell known
("oS:!-1ll0dlllatioll. Varying the inilial phase n allows us to po-
sition any region of lile cos:!-wave at Ihe cdge 01' the sereen.
The fringes are separated by the dislance 15.1" = ,-\j f'ill (-) :::::

AJO. \Ve lIsed the condilion f) « 1. This is because as f) in-
creases. the fringe spaeing decreases making lhe posilioning
01' the edge with rcspec( to (he fringe position Illore critical
ami making lhe experiment more vulnerable (o cquipment
imperfeclions. Thus, the fringe densily was kept cOll1fortably
Im\' so Ihat the available posilioning equipmcnl pennitted liS

lo place Ihe clelllen!s with reliable reproducibility both lin-
early or angularly, This necessarily Illeans that we have to
work with slllall anglcs 01' inlerferencc e.

E(.r,) = (-)(,1') exp (ik,;r<l eX]l (io),

,\ = -iex]l[ik(z+,rosiuH)]

(
-ihz siu' H)x eX]l 2 exp (in) ,

f!:.. (;1'0 - z sin &) .V-:;;

(3)

(5)

(6)

, ) I '. (k,r¡SillH+o)E(r __ = 2 ('os ------_-o ~

(
. k,tl Sine+o)x ('XI) I .

:2

"¡ ,,(/,'.ri:"illH+O)
1(.I'"y,) = IE(r)I:~o = .lms' 2

(9)

( 111)

ReJ'. Mcx. Fí.\'. ';¡4 (2) (199K) 136-1--l-6



M.A. CERVANTESAND E.v I\UR~1YSIlEV

In principie. lhe sol utioll 01' the considercd diffraction prohlem is formally tIblained hy intcgraling Eq. ( I ) with thc K irchhotl
houndary cOlldilion fOl"lhe incidenl neld,IEq. (Y)J. hur \\'C can in\'oke lhe principie 01' linear superpositinn 1"01"difTracled I1clds
and use Eqs. (...J). (5), ano (6). Thus. lhe ampliludc dil"fraction patll'fIl nf tllL' two intcrfering pL.llle wa\'es is as follows:

E(.ro . .'Io 1
"Xi'(iL)!'~ (.k,) (k.r,'illll+") [.1 ... ,]:) = .~ pxp l-;:¡-:(YO - ,!jl)- d.llll'Xp J .) ('X!, 1 ')~ (.ro - .rl t d.!'¡

1,\- . -IX> -- _

where lhe faClor.\ is givcll by Eq. (5). lhe variahle é¡ = ~I 10=0= /1../ {iTz).l'o and lhc variablc él is givcll hy Eq. (6). Thc
intcllsily licld folJows from Eq. (1 1):

1 (.r", YoI z) = IE(.ro,vo 1:)1' = j(.r" I :.(1) \- j(.r" 1:.1/) + CT.
whLTCinlclIsilics nI' inh:rfering plane waves <lrecorrespolldingly gi\'clI hy (Ill' lúll\lwing l'xprcssiollS

j(.r",z.II)=H[~+C((,f + [~+S((,f}

l(ero I z. (1) = ~ { [~ + e ({,)]' + [~ + s ({,)]'} .

alllllhe lTnss tenn CT is:

( 121

( 1.1)

(I~I

CT=",+(r,,- :,~'H)Sill8+()] {[~+cU,)] [~+C((,)] + [~+sU,)] [~+S((,)]}
-SIII [k(ro- ZS~lH)SillH+()]{[~+CU,)] [~+S((,)] [~+SUl)] [~+C((,)]} (15)

The slruclural rcprcsenlalion 01" lhc dilTracled neld,
II:qs. (12)-( 15)1, provides i1n insight of the 1l1utual interac-
tion hel\Veen difTraction ami inlerferencc. To sec il in more
details \Ve made graphical simulalion ofthcsc formulas.

2.2.3. Difli.£lctiof/ 1'(l1tem as a/lIf/elion q{inlelferellce £llIgle
at di/t'ererll positiofls oftlle dUfracring elige

Two importanl paramelers in lhe considered problem are Ihe
fringe separaliofl 6,r = A/ 8in () :::::A/O, before diffraclion
takes place. <lnd lhe position of lhe gcolllelrical shadow in Ihe
oh~ef\'<llion planc for lhe O-incidenl wave, d:r = ::sin (1 ::::::H.
\\'e c:xpect. wilh regard lo angle O. that lhe diffraction pal-
lern will beha\'c in a dilTen:nl manner for (} such (hat Ihe
pure intcrferellce fringe scparation, o,r_ he greatcr, compa-
rahle nI' smaller lhan lhe Ilrsl difTraction peak of a nunnally
incidenl single plane wa\'c. Accordingly. Ihe follll\ving val-
lle~ H = 1() .~I_ J()-I. ~ X lO-'1. IO-:l rad \\'ere considl.'rcd
lo he represl'lltati\'c. Nc\'ertheless. a Iarge numhcr 01"curves
\\'l:rc drawll ((1 \"l:ril"ylhe sL'iecliofl uf lhc ahovc angle valllcs.

1'lw 1\\'0 seIs of intcnsily dislrihulion 01' diffracled llelds
along the .I'waxis. IEqs. (12)-( 15)1. which correspond 10 lwo
dilTcrcnt posiliollS 01"1111.::dilTracting edge wilh respect to Ihe
I"rillge pallern. are graphically analyzed.

Thc dirfraction pallerns. IEqs. (12)-( 15)], are shown in
Fig. 1 will! Ihe thic" so1id line ror the case n = O (j.e"

lhe cenler nI" a brighl I"ringe coincides wilh the cdgc), and
:; = .:1 Ill. 1'he sequcncc nf four lhick solid line plots (scc
Figs. Ia-I d) rm 11= 10-", 10-1,2 X 1Il-". 111-:1 rad cllnlain
ditTraClioll ellects, whereas lhe corrcsponding purc in(crfcr-
enec pallern ...•.ohlained inlhc ahscncc orthe scrcell. arc givCll
inlhe Ihin snlid lineo The undilfractcd inlerferel1cc patlerns in
lhe ob"e["\'ation planc ¡¡re used as reference of changes caused
hy dillr:IL'lillll. 1'llL'y arc shifted along lhe .to- axis hy rhe dis-
lance .ro = .:(1 - ('(I~H) / :-,ill H ::::: :() /2 \Vith respccl lo Ihat
in Ihe planc 01' thl' SLTcen in accordance with Eq. (8). The
wa\'c1cn~lh llscd ror Ihe calculalions and Ihe one uscd in our
experillll:llb j" .\ = ¿j!).1 11111.which corresponds lo a ycllow
line of a Ilc Ne lase!".

1'\\'o principal ohservatinlls can he maJe 011lhe hasis of
graphical analysis.

l. II angk () is Iargc cnough. such lhat thc rclaliofl
di/á, = :(P(\ » 1 is val id, Ihen three qualila-
lin:l)' difkl'clll Iones can he dislinguished in lhe pal-
lcrns gi\'L'n hy Eq. (12) (see, for cXJmplc, Fig. Id). In
111l'Jirsl Itllll' frolll -1 to 2.5 Illlll \Ve observe a ditTrac-
li{ln [l;lllL'r1l(Ir a singk normally incident wave slighlly

Rel'. Mex. F/\'. 4'¡ (2) (1()l)X) lJ(I-146
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FI{iURE l. Diffraction pattern nI' two uniform inlerfered pbllL' wave ... I TI1l' Ihíe" curve i... lhe diffr;Il'll.'d licld inlel1sity amI thc Ihín {lile i...
lhe lickl ínlemilY in the absem:(,.' 01' Ihe diffractíng ~('feen. The inílíal pha ...e i ...fl = O. llleaning: a peak or ¡Iltcn •..ity is madI.' lO coindde wilh
Ihe edge al .:;:;::: O. i.l'. on lhe (J'],.'/I) plane. The plots (a) Ihrollgh (d) in Ihis ligure (and in Fíg .... ~ \(4). ('orre"'porH..I lo lhe values 01"lhe
interfcrcncc angle (a): f/ = lO-s, (h): (1 = 10-,1. (e): {}= 2 X ltl-], (d): IJ = 10-1 rad. rCSpl'l'liVl'ly. Thc paramcters~ •. = .\jO ¡llld
d

J
• = .:::tltake on corrcspondingly lhe vallles ()•. = ;,.!J-l x (IO<!, J()-\,ll.:-I x l()-:I, lO-l) 111and d" =.1 X (lO-~).1O--1, 2 X 10-,1,

J()-\) m.

.ro (mm)

(a)
;1'0 (mm)

(b)

.ru (mm)

(e)

-,
.ro(IllITl)

(d)

FltiURL~. Díffraclion pattcrn (ll" IWO ul1iform íntcrfered planc W;IVl'S I\. Thc "';II11eeondilioll'" as 1. l'x'ecpl rOl Ihl' inilial pha ...c is n ;::: ;ro

mcaning a zero inlensity fringe is located at lhe edge.

defonned by Lhe prescnce 01' the wing 01' the O-incident
\I,/ave. This í'.one is followed by a region (fmm 2.5
to 6 mm in Lhe :1'0 axis) 01' ¡¡ slrong interaclion be-
tweell diffraction and inlerferencc. Finally, Ihere is
ti region where intcrferencc dominates diffraclion (for
.1'0 2: G mm). where the fringe intensity is near to Ihal
(lhlained ir only inlerference \vere consiJered.

') For angles near H = 10-1 r<ld lhe diffraction paltern
exhihils a uniquc smooth peak from -1 to 2. 111m(see
the f1rsl peak in Figs. lb ami le). An interesling fea-
lure is thal the rringc does nol exhibilS the ripple 01'
dilTraclion-like fringes shown in the next inlerval from
2. lo I() 1111ll.\Ve think lha( Ihe lalter is a conseqllence of
a comparable mutual inlluence nI' Ihe two phenomena.
Figures 111 anu Ic sho\\' how dilTraclion-likc fringes
modlllatc the peaks 01' the inlerference-like fringes.

Figure 1a. shows thal at slllall values 01' the inlerfcrence
angle H, when Ihe width 01' an inlerference fringe is Iargc
cnollgh. the dilTraction pattern of interfereu waves almos! co-
incides wilh thal of a single plane wave 01' double amplitude.
1\11 increase of (J causcs, al lhe hcginning, small dcfonnalíoll
(lf (he di ITracl ion patlern and then tile evollllion of lhe di ITrac-
lion pallcrn hecomes !llore complicated,lcading lo lile elfccls
descrihed aho\'e.

Figure 2 presenl"> Ihe cakulatcd lields for Ihe case 11 = ;¡

U.c" Ihe cenler of a /,L'ro intellsilY rringc coincides wilh Ihe
edge 01' the scn:cn). Thc !"l:S( 01' lile paramcters ami (he dislri-
hution 01' plots are kept equallo those 01' Fig. 1.

Analyzing Lhe din.raCli(lll {)l'interfcrcd waves with a phasc
dillercncc n = ¡;. wc tind il lo he similar to Lhal for !he case
(l = (l. For lhe angle (/ = IO-:{ rad. Ihe diffraction patlern.
prcsenled hy the thick ,,>olid !ine Fig. 2d. is nol idelllical lo
thal of Fig. Id, hut has the sallle gencral slruclure. In hoth sit4

ualions \\'e can distingllish Ihree regions: in Lhe region 01' gc.
olllelrical ,,>hadO\\'of lhe O-illcitlent \\'ave therc is <lpredomi-
nanl dilfraclion 01"single plane \',,'a\'e. then follows a Iransili{lll
¡,Dile fo[lowcd hy the rcgion. where Ihe interferetlcc paltern is
sllbjcct lo a marginal dilfrat:'tion clfcet.

Thc dilferenees hetwcen Ihe (\\'0 cases (o = () antl
(¡ ;r) heeollle apparenl ror small valucs o" R. In Ihe ca,,>e
(\ = ;¡ amI lhe ralher small f-J :S :! X 10-'1 rad (sec Ihiek
,,>olid line in Figs. 2a-2c), a dilTraclion paltern dosel)" fol-
low,,>lhe COITC">pollding inlerkrence paltern. thin sol id [ine in
Figs. 2a-2r. I\s a maller of rae!. Fig. 2a includes hOlh cur\'cs
superill1posed. appearing as ;¡ single plot. This does no! lakc
plaL'e when (\ = (J. A lúrther increlllcn! 01' () reduces Ihe
fringc spacing. amI ill Imn cause,", considerable pcnelratioll

Rl'¡'. Me.\". ¡:ú,.w (2) (ll)t)X) 1~6-1-l.()
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nI" lhe dilTractcd ficld in lhe rcgion of gcomctrical shadO\v,
Figs. 2b-2d. Ir H » 10--' fati, then (he Jilfraclion paltcrns rOl"
(\ = o ami () = Jr have similar structurcs, as il \Vas JcscribcJ
ahoye. Thus. \'v'C can concluJe thal there always cxisls a crit-
ical inlcrfcrcnce anglc (J (in our case fJl: ,....." 10-'1 rad) such
[halo in the vicinity of this valuc, a diffraclion pattcrn 01' in.
tcrfcred waves is subjcct (o qualitalivc changcs whcn H vades.

2..'. I>ifl'ractioll of intt'rfl'rin~(;aussian h•.'ams

A more rcalistic illulllinatinn 1h,1I1tha! rcprcsclltcd by ideal
inlinitc plane wavcfronls is ¡Ilat providcd by hc;ltllS 01' Iight
produccd hy lascrs. Particularly cOIl\'cnicnt are ,hose which
are L'lJaractcril.cd hy a flcld wilh <In inlcnsily protile of
Gallssian type. This can he helter described as Ihe TE~l()1J
laser mode. Following Ihe accepled Iheory of 0plical res-
onalors, [12, 1:3, l,~)-lll.\Ve presullle (hal lhe IHlrlllally inci-
denl bealll possess a ¡¡e Id amplilude dislrihution nI' Gaussian
Iyre.

- , JI'o {[ ,,] [1 ; f.: ] } ," .El (r) ('XI' (-lw'l) = A ---, exp - (./"- ,/"1) + (.'1 - .'11)- -., - + --- "xp {1 [1.-: + 'f (o JI) ('XI' (-,,,,1) .
'" (o') ",-f.:') 2R 1:')

(1 h)

Herc .-1 is Ihe amplitllllc C<lnsidered conslanl, and 11'(::') is the
.:I-dependenl semi-widlh orthe heam ucflned as

where 11'0 is Ihe minilllulll SPOI sizc. which is the beam spot
size at the plane z' = (J. The rhase 'f (o') = arctilll (:' /0,,) .
The center 01' the hCilm is Incated al the poinl (J:¡,:IIt) in lile
(.1" . .1/) plane. \Ve takc here lhe semi-width 01' the healll lo he
lhe sallle in the :r and y direclion.

Besidcs the Gaussian alllplitude pmllle such heallls 01'
Iighl are characterizcd hy wavefronls \vith tinile radius 01'
curvaturc. excepl al Ihe waist whcre il hecollles infinile. The
radills 01' curvaturc R (.:1) nI' Ihe vcry nearly spherical \vavc-
fronl al :;' is

\Ve eSlimale here Ihe rauius ol' curvalurc R (.::;')ror a quile
lypical laboralary silualion when Lhe paralllelers are sup-
posed to !lave (he following values: ). = 594 nm. lIJo :::: 10-2

111. and Ihe diffracting scrccn is distant rmm lhe waist plane
hy :' = 1 m. Then we rcadily find that k = 2rr/ A '"
1.057 x lO'm-l. :0 = 528.6 m. i\ccordingly. ",'(1)
1/'6[1+ (1/00)'1 = "'6(l + 3.5 x 10-6

) '" "'6 and fl(1)
[1 + (:,,)'] '" 2.79 x IU" m. Moreover, the rhase 1/(1)
i1rctau (l/=n) '" 1.89 x 10-' rad.

Keeping in mind rhat wc arc going lo use (he ahove
express ion 01' the lase!" oeHm in the diffraction Rayleigh-
Sommerfeld integral we also finu the valuc 01' Ihe lel"ln
ikr1/2I1(I) '" ;18.9,.' < ilO-2 Here we took the radius
of Ihe arca 01' a beam spOl to be of the order r S 211'0 ::::

:2 X 10-:.! Ill.

In addition. wc note rhal Ihe minimum uf Ihe radius
of curvaturc of lhe fundamental Gaussian beam is equal lo
Rmín = R (,'::0) :::: 2zQ and is Incalcd al the distancc Zo l'mm

(n ., "].r('o~H - .1'1~'o~f1)- + .II~
:211'2

x ('XP (rl.-./' ,in 0+ ;11). (I~J

E(I') 1,=11= "Xl' [

2.3./. D~ffracrio" (~r{/siuxle Callssiall benm

wherc \VC omiltcd lhe time dependenl Icrm ('xp (-L.:f).
added an inilial phasc (1 lerm ami lIsed lhe nc\v llotation
2m2 == /l!6 =<.:onst. The hcam has l!le amplitlltie.'1 :::: l.
ami is centered al:lll = O.

I
lhe hcam \\:aist. This dist¡¡nce is very Iarge rOl' lypieallahora-
lmy cxperilllcnt. Thus. lhe cstimates shO\v that for lhe diffrac-
lion inlcrfercnce t.:xperimcnls lInder;l Iypicallahoralory silll-
ation we can sal"ely llcglc<.:r bOlh the tefm \•.'hidl contains lhe
radills 01'eurvatllre and lhe phase '/ (::;1). Thus. rOl"lhe sake of
silllplicily. we wil] eonsidcr Ih:'lI lhe beams possess negligihk
eurvalure and lhe phase.frollls are lreated as plana!" [IS. 111.

This cOlldiliollS mcel lhe experilllenl in Ihe case in \vhich
tlle waisls oflhe incidenl heams are made lo coincide \\i'irh lhe
plane of lhe dilTracting screen or are suhjecl lo collim:.uion.
as was Ihe case in our cxpcrimellts. Undcr Ihese conditions.
lhe illtcrrcrencc pallern nI" lhe incidt.:llt Hclds is largely deler-
Illincd hy lhe lilt ;lngk of Ihe phase-I"ronts and nol lo Iheir
curvalure. as is Ihe CISC 01"inLerfcrometers Ihat rel)' on wavc-
front shearing lo producc a fringe paltern.

Under lhe condilions deserihed ahoye. lhe (J~ineidenl
Gallssian beam.IEq. (16)). is rcduced lo lhe Cjaussian hcam
willl Ihe planc wavcfronl ando in lhe planc 01' lile dilTracling
screen. is givcn hy Ihc following formula:

The diffraclion hy a semi-infinile plane wilh a straighl edge nI'
él single normally incidcnt Gaussian hcalll. t!cs<.:rihl'd hy Eq.
(16J. was reported in Rcfs. 5 and IO.lfthe heam.[Eq. (19)11.
is incidenl al a small angle () on a sel1li-inflnitc scrccn. Ihe
diffracted beam al Ihe poinl (.1'0. Yo. .:) is aeeordingly givcn
hy lhe c10sed form analylical solutioll

( 17)

27T
k- -1/ (18)- A .

,
_ 7TW{J1l

ZO:::: -A-'
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_ rxp(i/,;z) rxp(iü) /'= (!)' ) [./; .,]
E(.ro,.lJo I :,:r,.w,O) = '\_ ('XP -., " ('XP ':,:(!)n - .11)- ti!)

/" "., . -'Xl _no -~

X r= exp [ (.r ('os H .- ":1 en, 11)'] exp (i/;:r sil! O)exp [i ~ (.ro - :rf] d.r
Jo 21W 2z

exp(ikz) exp(iü)= . I(.IIolz.w)I(.rol:..I'I'''''O), (20)
1,>..::

wherc the intcgrals 1Yo ano l.rQ are givcn by (see ReL 11)

5Z { yr, }
1 (Yo I z. w) = [1+ Z2/ (/,;' ",4) 11/4 exp - 2",' [1+ :' / (/;'w'l )I

{ [
1 (kw) JI' ] }x exp i ,-oret.an - +" [(I')/' /(/;')1 '2 Z _11'- cl/'- ;:;+ :; '/1'-

[
eos' H ( :' ('os" H) -1 .,]

1 (.ro I z,.r"w,O) = N[I-'¡'('YJíJ)]exp - 2",2 1+ /;',,,' (.ro-.rl-zsinO)"

{ [
l. /; ( /;'"," ) -1 .,] }xexp i kxosinB--/.:::si1l20+:- 1+ ,) lB (;ro-:r:l-zsinH)- .
2 2z ,:;-eos'

Thc paramctcr {3ano lhe variable, are dcfincd by lhe following cxprcssions

(21 )

(22)

( ., )-1Z Z C.OS~ (} .B=- ----1
, 2k kw2

;k.fo ;1"1 ens:! f)
f = -,- - ¡I,' Sill f} - . ----

. 10'1
(23 )

Using Eqs. (20)-(23), lhe inlcnsity distribulion ofthe diffraclcd Gaussian hcarn is rcadily ohtaincd:

2

¡(.rn.Yo I z,.1',,1/I,0) = IE(:ro,Yu I z"r"w,H)i

1 ( Z, )"/2 ( z2COS.10)-I/'
=- 1+-- 1+---4 k2w.1 k211J~

x exp{ -1/12 [1+ :,1,/ (/;2,"1)]} [1 - '1'('YJíJ)] [1 - '1>'(~IJíJ)]

x exp [_ c~~:O (1 + :',,~~,~:H( (.ln _ .1, _ : sin H)'] , (24)

\\...hcrc (1)*hVíJ) is lhe complcx conjugate of lhe error function (PhJi1). This distrihution is separable in variahles :1'0 ami
Yo.'fhe parlicular case 01'a normally inciden! Gaussian bcam is ohtaincd from Eqs. (23)-(24) ror fJ = O:

(

., ) -1 [ , ]- 1 ~- Yo
1(.10,..1101:,,7:1,111,0)=- 1+-:;--4 exp - "( "/1;" ")4 k-w 1.W 1 + ZM "-W

Prom Eqs. (24) ami (25) il can he seco that, in addition
lo lhe \Vell knO\vn spreading 01' a Gaussian bcam witil lhe
distancc z. Ihe cenler nI' lhe Gaussian cnvelope (crossing lhe
planc 01'diffracting screen al lhe point:r = ;1'1) will propagalc
along Ihe gcoll1ctrical ray :1:= ,f,¡ + z sin (J. This ray crnsscs
lhe ohscrvalioll planc :ro!Jo, which is locatcd al a dislancc ::

fmm lhe dilfraction seTeco, al lhe point :ro = ,ti + z sin f)

hUI nol al lhe poinl :r!) = :1:1 + z tan B as it \Vcre in lhe case
ir the bcalll \Vas frecly propagating \Vithout Jillraction. Sincc
Isin 01 < It.an 01 . the valllc Xo < .r~ for posilivc angles B.
and ;r() > ;r~ rOl"Ilcgativc angles. Thus, lhe dirrracting screen
dcviates tlle Gaussian healll in such a \vay that the Gaussian

Ni'l'. Mex. Fts. -l4 (2) (199K) 1.16-146
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(16)

envel(lpl' JIl{)\'es along a gcolllctrical ray which is dosel" lo
Ihe .:-axis lhanl!lal nf lile free he<lm propagation.

Tillo' sl1<lpl' ilnd position 01' lhe dilTracljon fringcs are also
inllucl1l't,.'d hy lile paralllclcr .tl in comhination \Viril lhe widlh
11' through lbe \'ariahle -/_ \\'hcn //' Icnds lo x. Ihe comhina-
(ion '/"1/11' (cnds 10 U, Il1al ¡s, lhe inl1ucncc nI' Ihe paramc-
ter .tl is diminishctl. To he more precise. let liS gi\'c an es-
[illl~IIL' nI' ¡Ill' paralllctcrs ror Ihe cxpcrimcnt which \Ve dc-
snihl' hl'lo\\' whl'll olle has /\ = ;)~I.111m, Lhe distancc from
lile djllractill~ sen.TIl 10 thL' ohscrvation plane is .:: = .1 111.
/1' = 0..-) X \()-:.! 111, .I"[ ~ (J.;) x W-:.! Ill. fJ:::; 1O-:~rad. Thc
waw 1l1llllhL'f is 1,' :::: I.O;,¡. 107 m-l. Thcn. lhe comhinatioll
::2j (/"I/,:!.)l ......, :? X ¡()--l, which defines the spreading of a
Ciaussian IW;\llI. is very small. The ralio kj:; ;::;:;:0.266 x lO'
lll-:!.. inlhe variahk í'. IEq. (23)1. is very large. This ma)..:es
lhe illlluL'nce of lhe L'olllhinalioll ;1"1 jm"!. rela(ively slllal! in
lile variahle~,. Thlls. lhe paramelers .1"1 antlll' manifest Ihelll-
seln:s in a dillraclioll pallern of a single Gallssian heam
llIainly lhrough lile Claussian envelope.

23.2. lJU/álCtioll I'attcm of tu.o iflfe1.fering Gmlssian
f¡ea/ll.\': npliáf mili/Y tira/ so/utioll ami graphica/
t/I III lr.\. is

\Vilh lhc ahm'L' gi\'en results wc can study Ihe diffraction pat-
(cm (lf a ¡ighl Iicld produced hy Ihe interferencc of 1\\'0 Gaus.
...•ian neallls. \Ve lake one hcam lo he O-incident, I Eq. (19) l.

I

alltllhe olller lo he Jlonllally incidenl hcalll, Eq. (19) al H:::: O
and 1\ :::: (l. The hcams have L'qual semi-widlh 11'. the ampli-
tudcs equall(l ..l :::: l. TllL' cenlers 01" heams are considcred lo
nlincitle \\'ilh eaeh llther in lile plane 01' Ihc diffracling screell.
The inlerfcrenee paltern prol!uceu hy the hearns in Ihe plane
01' thc dilTraclion ...•crL'L'll is as fnllows:

(' I ( 11') [(.1' - .1'I 1']'.(1') .;=1):::;: 1('xp --.'-., ('XI) - .. )
211'- 211'-

[
i (/...1',ill H + (l)] [( 1.-.1",ill H + ())]

X ('XP ------ ("o~ ------2 :?

In Eq. (2()) \Ve loo)..: inlll acc(lunl a small value orlhe inlcrfer-
CIH.T <Ingle (J. 111\.' Iasl cxpressioll is valid \vithin O((p). The
inlcnsily dislrihutioll 01" inlcrfcring Gaussjan heallls exhihirs
eOllllllonly )..:nO\vll ('os:.!-fringes lllodillcd hy the Gaussian CIl-

vL'lopc as hlllo\\'s:

1," ('1') [('1'-'1")'][(.I . .I¡) = (-, (1')1;~o =,1 "XI' __ o -., ,-xl' - .,
11'- 11'-

X 1'0,' [(k.r,illB + ,,) ni. (27)

In Ihe Fresnel appro\imation the amplituuc JilTractioll pal-
tcm 01" the IWIl interkred Gaussian heams hy a semi-illfinill'
SLTl'CIl posiliolled in Ihe .ry-plane with Ihe straighl cuge along
11lL' y-axis i" as fol1o\\'s:

!'~[('I"-'I"¡)']. [i(k.r'illll+n)] [(I ...I"'iIlH+(l)] [.1, ( ,]
x ('X)) -----.,- eX¡l ------ ('(l~ ------ ('xp ,~ .1'0- .1') d.J'

. () '2/11~ 2 :? '2:-

"XI'(i kz) .
:::- . 1 (YoI o. 11') ["XI' (, () ) 1 (.1'0 , ' .. 1', . o'.(1) + 1 (.l'oI O,.l',. o'_O)].

, ),0
(2X)

whcrc lhe inlegral 1 (.l/o I :.:.10) is givcn by Eq. (21), and the inlegral I (.ro I : .. 1"1.1/'. O)is gi\"C1l hy Eqs. (22)-(23). Then. Ihe
intcnsily dislrihulion (Jr Ihe dilTraction pattern is ealculatetl as follows:

[(.1'0 . .'10 I o..l"l.o',H.n) = IE(J'o,yoI 'JI.o'.H.n)l'

= j (.1'0. !lo I ' ..1"I . 1I'.(/) + ¡(.1'0. .'loI : .. 1"I . 1I'.O)+ CT (.1"0. flo I : ..1', . 1I'.B. " ) . (2Y)

The illlcnsily distribulion 01' Ihe ditTraction patlem of a single Gallssian heam ¡(.r(J . .'In I :: .. 1'[.11'. O) is given hy Eq. (2-l), and
Ihe eross tcrm e'l' (.r(j.yo 1 :.: .. 1'1_ 11'. H. ()) is given hy lhe following cxpressi{lIl:

(
.,) -In { ., }1 z- Ir

CT(.ro,.'!lli: ..I"I.Il'.H.Il)=:- 1+-10"'1 ('xI' - .,[ ',';(1'1)]2 '- W 11'- 1 + .:- '--11'

[
cos'.!(J ( ;::l ('o~,l0)-1

X l'XP ---.,- 1 + --.,-- (.1'(1 - ;r¡ - ;:::--illfJ)2
2w- 1,'-w1

(1 +~'I)-' (.1'0-.1'1)'] (H'-['¡']",,,O-lll1['¡']sino).I,.-w
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FIGURE 3. Diffraction pattern of two interfcred Gaussian heams L The ¡nitial phase (\ = O. The center of the Gaussian cnvclope al Xl = O.

- ,
~3.5

>
;: 2.5

¡
.5 1. 5

0.5

:1:0 (mm)

(a)

- ,
;1 3.5,

,TO (mm)

(b)

- ,

t
; 2.5

¡
.5 1. 5

10 -2

,TO (mm)

(e)

- ,
;1 3.5,

xo(mm)
(d)

FIGURE 4. Diffraction pattern of !wo interfered Gaussian bcams 11. Same conditions as Fig. 3. exccpt Ihe ¡nitial phasc O: = 1T.

The function l' is given by the cxprcss ion

a",llbe angle rjJis defined by lhe following expression:

1 . k ( k'",4 )-' ., /o (/0,,,,4)-' .,
i/J=Ct+k.1'osine--kzsin'e+- 1+ 2 'e (.l'O-.l:,-.:sinH)"-- 1+--.,- (.1'0-:1',)".2 2z Z COSo 2.:: :;-

(3 I )

(32)

Tlle variables -¡O, (Jo are defined by Eqs. (23) respeclively.
and notations 'o, /30 corrcspond lo the angle B :::::O.

In ordcr lo scc ¡he variation al' the dilTraction paltcrn of
tW() interfcrcd Gaussian heams we have made a COlllputer
simulalion oflhe solution presenled hy Eq. (29) rol' Ihe cross-
section Yo = YI = O. \Ve kept constant the following param-
eters: lhe semi-width al' the bcams 10 = 0.5 X 10-2 m, lhe
dislance from lhe diffracting sereen to the observalion plane
;; = <1 m, the wavclcngth of l¡ght ,\ = 594 nm. The center 01"
lhe interfcred Gaussian beam is localed at the poinl ;1:1 = n
(I(lr Figs. 3 and 4). Note that Ihe initial phase value (l = Il
corresponds to the case when lhe eenter 01' a bright fringe co-
incides with the straight edge 01' the diffraeting screcn. and
lhe value o' = 7l" corresponds to the case when the cenle!" of a
dark fringe (zero intensity) 01' interfered wave coincides with
the cdgc.

Curves were obtained for a vafiely of values 01' B. How-
ever, the sarne set 01" values 01' prcvious Section are lIseJ
(e = lO-5. 1Il-4, 2 X JO-", 1Il-:l rad) 1'01'Ihe sakc 01' COI11-

parison, and the curves are shown in Fig. 3 for O' = o.

The four plo(s fOl"(1 = 7l" are presenled in Fig. 4.
Exalllillatioll 01' lhe diffraclioll patterns 01' two intcrfered

Gaussian hcams (Figs. 3--+) ano thal nf the constant ampli-
lude pJanc waves leads lo lhe conclusion that dilTractioll pat-
terns of lwo interfcred Gaussian hcams vary similarJy to lhat
ror lhe conslant ampliludc plane wavcs. They differ solely
hy the Gaussian cnvcJope modulatiol1. This conclusion, al-
lhough expecled, [51 is nol ohvious, hccause the corrcspond-
ing analytical solutions have quite difTerent form ami, in ad-
dition, in lhe Gaussian case we have two more pararneters 10

consiLier, which are the centcr 01" lhe Gaussian enveJope Xl

and its sellli-width w.
In order lo see the dependence 01' lhe diffraction pattern

on these parameters, \ve ohlaincd lhe intcnsity distrihution 01"
the dilTraclcd ligllt as a functioll of lhe POSilioll of the screen
edgc wilh respccl lo a stationary interference pattcrn for Ihe
given scmi-widthlu = O.S x 10-2 Ill. For lhis purpose the
pair 01" paramclcrs (.T), (1) were ehanged simultaneously. <lnd
the I"ollowing values were givcn fOl".TI = 0.6 X 10-1, lO-:l,

1.4 x 10-'" 1.8 x 10-:1. 2 X 10-3, 2.4 x 10-:1. 3 x 10-:1,
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,1"11. ,1'1 (mm)

(a)
.1"0. J>] (mm)

(h)
.ro .. "] (mll1)

(el
.ro.J'](IllITl)

(d)

1:1(, URJ-. 5, I)iffraclion patlern as a fUllction of (he eJgc position wilh respccI lolhe intcrfcrcd (iaussian tleam. The pairs of varieJ paramCICf'i
;]re (,I"I.n) = (10 -:1. TI/:!). ('2 x 10-3.0), (3 X 10-3, -,,/'2), (.:1x 10-:1, -;r). The illtel'krellct' an!!k fl = l.::' X lO--1 raJo

.1'0,.1"1 (mml

(a)
.ro..r] (mm)

(h)
1'1).1'] (mili)

(e)
-1"0.. I"¡(mm)

(d)

F](;lIRr 6. DilTraclioll patlern a~ a fUIKlion of Ihe envelore position. The vaJtle~ (11'Ihe v;lriL'd IXlrametl'r are J'] = O, .:J. X 10-3.6 x 1O-:~.
S x 10-'1111 The ir:lerkn:nce ;Ingle fl = l.:) X 10-1 fado

:LG x 1O-:{ .. 1x 1O-;~ III ami correspondingly fOl"(\ = Ti. 0.7;;.
11..-'0. 11.:\0. 11.10. 11. -IUo. -0.5r.. -O.S". -o rad. Fotlr
Iypical dilTractioll pallcrns are prescnted in Ihiek curves in
Figs. 5a-5d. The Ihin curves shmvn in Figs. 5a-5d represenl
Ihe corresponding cross-seclions, dctlned by .IJ = YI = O.
ol"lhe incidenl interl"crcd wave as it isjust hcfore Ihe dilTrac-
lion screen al .: = -(l. An analysis nI' lhe curves (scc. also
Fig, -l) leads lo lhe conc!usion Ih:ll Ihc changes orlhc difTrac-
lion pallcrn are mainly ddermineli by a position 01' lhe in-
lerferellce paltern \vilh respecl lo lhe liiffraction edge. Bul.
\Ve nole lhal túr Ihe pair (11"parameters J'I = 3 x 10-:1 111
ami n = -7r 1'2. an appreciahlc increasc 01" Ihe intcnsÍly oí"
lhe lirsl hrighl fringe (ncaresl to (he region 01' gcomelrical
shadow) occurs ( Ihick eurve in Fig. Se).

In lhe previolls analysis Ihe response 01' the difl"raction
pattcrn rOl' the posiliOll (JI' lhe screen elige wirh respect lo
a slationary interferencc patlern was ohtained, \Ve also an-
aly/el! lhe dillracfed !icld whcll only the envelope 01' Ihe in-
rident heam was shifted. while lhe fringe spacing remained
unchangcd for Ihe particular rase in which a maximul11 (Jf

Ihe hrighl fringe was positioneo al lhe edge 01' lhe diffrac-
tion SCn.'CIl. This l11eans that we mainlained constant ll' =
0.;-' X IO-:! Ill. H = 1.5 x 10--1, n = O and varied only
.1', = 11.2 x lO-J. ,1 X 10-3, G x lO-J. S X 10-3 Ill.

Thc rcsults are presenled in Ihick curves in Figs. 6a-6d,
The Ihin curves in Figs, 6a-6d givc Ihe unditlracted incidenl
inlerfcred heam 1"01' y = !JI ::::: O.

AnalYl.ing 01' lhcsc rcsulls we can concludc lhat lhe shapc
01" lhe cllvelope illl1ucnccs Ihc lighl paltcrn mainly as a scal-
ing factor.

3. Experimental

1'0 conlinn lhese rcsulls. we sel up a I\vo heam interferom-
eler ha sed un Ihe principie 01' division 01' amplilllde. like a
iVlicheIsoll Iype, which produces lwo plane wavcl"ronls that.
afler inlerfcrcllce. arc dilTracled hy;¡ knil"e coge (see Fig.7).
The Illirrors arc so adjuslcd Ihat few I"ringcs are displayed
across lhe lransverse sil.e nI" lhe heam. 11" Ihe inlcrl"crometer

/

FI(;UI~F 7, Schl'l11:llic nI' lWIl inlcrfering plane wavcs diffracted hy

<L ~Irai~llll'dg(' ~LTCl'lI,
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(a)

(d)

(b) (e)

(e)

FICiUREX. Expcrirncntally ohlained lnlcrfcrenre-ditfraclion pallcrns. (a) Frcsncl diffraction 01'a single heam wilh Gaussian protlle. In the
sel-up shown in Fig. 7. Ihis ISoblaincd wilh olle mirror defcated (b) Ylllll1~fringcs obrained with Gaussian prolilc bcams propagaling frc('!y
(no screen). Thc case rorresponds lo Ihe lhinlrat'C shown in Figs. 5a-5d. (e) Edge al lhe maximum inlcnsily. Tlle case corrcsponlÍs 10 Fig. :'lb.
(d) Elige al ao inlcrmedialc "aluc near olle half-rnaxirnum. Thc case rorrcspolll.ls lo Fig. Se. (e) Edgc al Ihe minimum inlensity. Thc case
corre:-ponds 10 Figs. -lb and 5d.

is illuminaled hy a spalially and temporally cohcrenl SDurce
(al Jeast lo Ihe dcgrec oblainahJc with currenlly a\'ailahJe gas
bsers), non.localized fringes can he ohlaineli \vhich 1111a cel'-
tain voJlIlIle al' space. The inlerferomclcl" was sel up so a:-. to
Ila\'e the contrast 01' lhe fringes approximalely equal to one.
Thus, the Iight inlensity vanishes at the minima. An opaque
slraighl edge diffracting screen is moved across ¡he fringe
patlern perpendicular1y to the fringes and the ¡¡cid is ohscrved
at a point 01' coordinates (;lOO, Yo, z). This produces the smne
effeel as if the elige is mainlaineJ slationary and the inilial
rhase n is varied from O lo :lIT °

In our expaimcnl we collim,:llcd and expandcd to 2 cm
diamcler the outpul bcam 01' an unpolarized He-NI.' Jaser
opcraling at the fundamenlal Gaussian mocle (TEMoo) ami
,\ =594 nm. Thc inlerferel1cc angle is 01' lhe order 01'
2 x I ()~'lrali. The ooscrvatiol1 plane was al a dislance of 4 IJ/('-

las fmm lhe diffracting cdge.

\Ve should saya few words anoul lhe prncedurc ror ad-
justing the elemenlS. The experimcnt was performcd 011 lop
01"a holographic rabIe proviliing vihralion insulation lo a <':CI"-
(Jin dcgree. The oplical cquipment facilitatcJ lhe nccdcd po.
silioning to micrometer accuracy in lhe linear dirnensions. II
also allowed us to fix lhe angular POSiliollS of the various ele-
11Ients cmployeLl in a reliahlc way lo Icss lhan a dcgree aCCl!-
raey. In delcrmining the posiliun 1'01'a minimum intensily we
employcd a computer aided CCD camera deteclion syslelll
which allowed us to monitor the diffraclion paltcrns in real

time. Ne\'enheJess. for t!lis preselllalion we employed photo-
graphic tilm to record lhe pallcrns hccause it offered graini-
lless 10 a smaller extent. In praclice the manual placelllcl1l 01
the edge was pcrformed while ohscrving Ihe ditlracleli light
patlern. A symlllctric patlern is associatcd with the elige hc-
ing parallel to lhe fringes anJ vice-versa. Also the ubserva.-
tion 01' Ihe light scaltercd fmm lhe surface of the knife /lea!'

Ihe elige was used as an indicalor uf the proximity 01' the elige
lo the minimum inlensity in ¡he dark fringe.

Figure 8 shows the rcsulling intcnsity patlerns for dilTer-
enl positions 01' thc cdgc. Figure 8a shows a normal Frcsl1el
dilTraclion patlern of a normally incident Gaussian beam by
a slraight cdge. for rcfcrence. Figure 8b corresponds lo an
undilTractcli lwo heam inlerference patlcrn.

In Figs.Rc-Re the pallern ni Fig. 8b is dilTracled by a
straight elige whose POSilioll is varicd according lo:

Figure Xc elige al Ihe peak 01' inlensily (brighl fringe).
Figure Sd cdge at an intermediale intensi!y near olle hall" Illax-
illlUITl. Figure 8c elige at Ilearly zero intensity (Jark fringe)

Examinalion 01"Figs. Se and Xli shows Ihal a patlern i~
formcd which contains inlcrfercnce and ditTraction fringes.
This is becausc both elTecls tal..."'Cplace simultaneously.

In Fig. 8e the interference fringcs rcmain and the diffr,lL'.
lion fringcs disappear. This patll'rn is equal lo a trullcalcli Vl'f.
SiOll nI' Ihe undilTracleJ inlerfcrcnce paltern shown in Fig. Rh.
This is only fOl' the case Xli ami this conforms \vith theorctical
reslllls, sec Fig. Sd.
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4. Summary

In accordance with the Rayleigh-Sommcrfeld formulation. a
difTraClion patlern is determincd by lhe amplitude distrihll~
tion of a lield in the plane nI' diffracting screen. Thus, a rather
diffcrcnt nchavior of diffraction pattcrn is founo far the cases
when a maximum or a minimum al' an intcrfered field is in-
cident 011the edgc ()f the diffracting screen.

The diffractiol1 by a straighl edge opaque screen has been
analyzed in the Prcsncl rcgion for an incident field COI11-
pos('d by two cohercnt planc wavefronts for bOlh constanl
and (j;¡ussian amplitude proliles. froll1 the above analysis. il
is app;¡renllhat lhe diffraction pattern of two intcrfcrcd waves
is Illainly dClerlllined by tbe intcrfcrencc angle fJ ano lhe po-
sil ion 01"lhe inlerfcrcncc paltcrn with rcspect lo lhe cdge 01"
lhe diflraction screen. FunhermOl"c. there is an ungle (}such
lhat. in the case when a maximum 01'an intcrfered wave coin-
cides wilh lhe edgc of a diffraction screen, lhe corresponding
dilTraclioll patlern has a well separaled prolllinent (compara-
hle with lhal 01' an intcrferencc patlern) peak nearest to the
shadow rcgion (thick curves in Figs. lb, 3b, 5c, and 8c).

The dilfen:ncc hl'lwccn dilfraclion patlcrns in the lwo
cases. \,,'hen ¡¡ hrighl fringe (n = O) and a !.ero ampliludc
fringc (o = íT) 01'an inlcrfcred incident \I,'aveare localed 011

lhe ("d~eof Ihe dilTraction screen, has significantly appearcd
fnr sllwll values of inlcrfcrcncc angle H. In lhe case (l = ir
ami rather small H $ 2 X 10--1 rad (see. for cxample. Ihick
curves in Figs. 2a-2e. and Fig. Xd). a diffraction pallcrn is al-
mosl a replica 01"lhe corresponding inLerference pallern (lhin
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curvcs in Figs. 2a-2e. ami Pig. Sb). bul lhe former has rcla.
lively small ditTraclion dislortions. Increasing of () dccreases
lhe sepa ratio n het\\'cen intcrfcrence peaks, and in lurn causes
considerahle pcnelralion of lhe dilTracted fleld in the region
01'~eomelrical shadow, plols 2b-2d.

The situalion wilh lhe dilfraclion 01' inlerfcred Gaussian
beallls is similar lo lhat given above. Tl1e additional param-
eters. lhe widlh U! and the posilion .:I:¡ of (he envelope 01'an
inlerfered incidenl hcam. mainly manifesl through the enve-
lore 01'a dilTraclioll patlern. Allhough. a quite intercsling rc-
dislrihulion 01' ellergy in lhe inlerfercnce fringes caused hy
dilfractioll can he noticcJ in Ihick curve 5c.

One of lhe appealing situalions is that posed hy lhe fael
(hal dilTraelioll clTects may he dilllinished or precluded. as
showll in Fig. XdaJl(1Figs. 2a-2e, and 4a--4c, LIndel"lhe COIl-
dilion that zero inlcllsity fringe coincides with lhe dilTracling
edge.

In general lerms. silllLlltaneous consideration of inlcrfcr-
enee and diffraetion crfcets. cven in a quite simple optical
syslcm. produces a dijfractiofl-iflte1fereflce intcnsily pallern
which fcalun:s adlh:d dcgrc('s of fr('edom. Jmong thelll the
adjuslablL' healll balance. The laller can he praclically us('-
fui rOl"purposcs (JI'uH11rolling <lndcorrecting 01"dillraclion
ellects in !llore complex silualions lhan the olle considered
herL'(for exalllple. by Illeans of interference wilh sOllle probc
heams). Couplin!,! of lhe IWo fundamental effects mighl t1nd
application in fringe cnhancelllcnt or suppression - fringe mJ-
nipulalion. in gCllcral.
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