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ABSTRACT

Two-Leam and multiple-feam interfenence [Jringes of con-
trofled spatial [frequency and known chasacieriastics propide
ftools fLoa a variety of applications., Rethods of Fzinge form-
ation on planes of Localizalion in space and their chasde-
tenistics have HLeen presented and performed, wilh emphasips
on spatial frequency vonircl, Such studies dealt wiilh inlen-
sdity distrnidution of rultiple-leam Zringes Lormed on Feussnen
surface of zerno oader of Focafization Jfor a sifvered ain
wedge and a wedge enclosing a dispeasive uedium,.iaking into
account the phase change, the Light suflens, at rneflec-
tion ain/metal, medium/metal, The present studies dealt alsc
with [Lringe systems JLoamed on higher oaden planes of
focalization fan facm the silvened wedge inteafezromeien and
those foamed on fraclional ordeas of Localization on Rolh
Aides of Feussnea suaface of zerno oaden, Fine staucture in
lﬁainge systems on integarck and fLacctional oadexr planes of
Localizalion foa Lfimiled numlen of dintenfeaing HLeams ia_

aepornted,

Aasking afl the images of the iffuminating socuace fuif
two, Leads to the Joamaiion of fainge systems of Lwo-feam
intensity disfnilution of contrclled spotlial Frequency ovenr
a wide range of [freqguencies and of known visifilily, This
provides a sinuscidal sounce suifalle [forn measuning Lhe
optical Ztransfer JFunction Jor Lhe evafuction of fens pea-

forzmance.
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CHAPTER |
FORMATION OF MULTIPLE BEAM INTERFERENCE FRINGES BY
A SILVERED WEDGE: ON HIGH ORDER PLANES OF
LOCALIZATION AND THEIR SPATIAL FREQUENCY
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I.1- Introduction 3

Multiple-beam interference takes place between two
opticalflats coated with highly reflecting thin films. The
resultant interference fringes are affected by the reflec-
tion coefficient of the coated surfaces, the geometrical
condition of the interferometer, and the nature of the light

ased [1].

A wedge interferometer is formed when the two optical
flats forming the interfercmeter are inclined to each other
making a small angle., Two-beam interference takes place when
the two surfaces are uncoated. This interferometer was util-
ized by Fizeau [2] in 1862, Tolansky [3] used highly reflec-
ting coated surfaces. In this case multiple-beam interference
takes place in transmission [4] and at reflection [5]. With
monochromatic point source, these fringes in transmission
are sharp bright stralight lines on dJdark background. The
separation, between these fringes depends on the wedge
angle. The refractive index of the medium enclosed between
the two coated components of the interferometer, and the

wavelength of the light source used.

Multiple-beam interference fringes are formed on a
surface c¢lose to the interferometer surface called the
Feussner surface [6] which is the zero order plane of loca-
lizatlon. Interference fringes can also be formed at certain
distances away from the interferomester, 1l.e., on high planes

of localization [7]. These planes are egqually spaced [8].



I.2~- Methods of Calculating the Phase Difference Between the

PBirect and nth Beams Which Has Suffered 2n Reflec-

tionsg :-

Telansky [2] in 1946 carried out the necessary condi-
ticns required to produce multiple-beam Fizeau fringes using
a wedge interferometer. He pointed cut that the successively
multiple reflected beams are not behind sach other in phase,
they are not in exact arithmatic series as in the case of
two parallel plates. There is an increasing phase lag which
depends con the number of reflections the beam suffers, the
thickness of the wedge and the wedge angle. When this phase

lag exceeds 7 the fringe sharpness and intensity will drop.

The phase condition can be derived by three different
methods which are : 1- wavefront method, 2- Ray tracing

method, 3- Stretching method.

These method are proved here in case of normal incid-
ence considering the cases of dispersive and nonddspersive
media. In the present work, the phase changes that light
suffers at air/metal and dispersive medium/metal have been
taken into consideration. This is firstly considered in this

work.

I.2.1. Plane Wavefront Method :

Brossel [7] in 1947 has simplified the calculation for

the phase condition and generalized it te include regions




other than those on the Feussner surface close to the wedge
surface. The calculation depends on consideration of plane

wavefronts.

I.2.1.a- The Case of a Silvered Air Wedge :

Consider two highly reflecting surfaces M, and Hz with

"
-4 small angle between them (Fig. 1.7.a)Let a monochromatic
planewave be 1ncldent normally on the air wedge. The incid-
ent plane wavefront suffers multiple reflectlons inside the
interferometer which gives a family of plane wavefronfs Do'
D1,..., Dn' The resulting wavefronts have intensities dec-
reasing geometrically and the angle betrween successive
members belng 2e. Considering cartesian ¢oordinates {x,Y},
the origin {o,0} 1s the apex of the wedge and the y-axis

coincides with M. . Let p be some field point having coordi-

nates {xo, Yo).

The path difference between the directly transmitted

th

beam arriving at p and the n beam which has suffered 2n

reflections 1s :
- - AB
62n = ﬁWn pﬁb + 2n {2v) {1.1)

Wn, Wo are the feet of the perpendiculars from p &0 D0 and
to Dn, respectively. B is the hhase change arising from a
single reflecticn at either surfaces of the wedge. The phase

changé upon transmission is omitted, since it is equal for

the two considered beams,
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rig. 1.7.a. Wavefronts after -u;tiplg,ratléctluns in an air-
Wedge

S——— 4

{0,0)

Fig. 1.1.b. Wavefronts after multiple-reflection in a sil-
verad wedge enclosing a dispersive medium.



Since
Pwn-PwO = xa cos 2ne + Y, sin 2Zne - xo
= Xotcos 2Zne - 1) + Yq sin 2ne
Then,
62n = Xo{cos 2ne - 1) + yosin 2ng +2n[%%} (1.2}

.We may expand equation (1.2) in powers of £ and retain terms

only up to the second power. We have,

2
§. =2nt [1 - 2o+t 2, .22

n 3 X, + 2 (35) (1.3)

where t = Y, tane and t is the wedge thickness at the polnt
of incidence. If we neglect the effect of phase change upon

reflection, the path difference near the interferometer sur-

2z
2n +1 2

face 1is 2nt[1- 3 £°)]. This value differs from that of

a Fabry-Perot interferometer by an increasing retardation

2+1}52. The effect of this term is greatly red-

term % nti{Zn
uced if € is small enough and the reflectivity of mirrors

is not high,

I.2.1.b~ The case of a sllvered wedge enclosing a disper-

slve medium :z

Born and Wolf [10] derived the phase conditions for
a wedge enclosing a dispersive medium. Thls derivation con-
sidered only the Fesussner zero order plane of localization,
In the presen; work, we shall c¢onsider the zero order and

the higher order planea of localization. Congsider a wedge



enclesing a dispersive medium of refractive index My and
the refractive index of the surrcunding medium heing Py
(Fig. 1.1.b). The transmitted wavefronts Do' D1,..., D, will

emerge at angles BT""'Bn' From the Snell's law we get :

pu 2
- 1 2
pq sine = u, sin 6y, 1 - —5 sin"e = cos 8§,
Mo '
and
2
sin{2n+1}e = gin & 1 -‘El— sin2{2n+1ls—cos 8
M4 ) n' 2.2 = n
2

The path difference between the directly transmitted wave-

th

fronts arriving at p and the n wave which has suffered 2n

reflections will be :
- B
Gzn = )iy [an+pW°] + 2n {2"}
or
Gzn = pz{xo[ccstﬂn—ej - cos{ﬁl—s,'l] + Yc[sin{ Bn—e}_'— sin{ EI-E]} +2nt§]
{1.4}

We may expand eg. (1.4) in powers of £ and retain terms only

up to the second power. Then, we have :

L2
_2n%+an+a 2 A ?__ 2% _ b1}
52:1 2nty, {1 - &t P2In+1:ls. 2ZnX u,€ {szgtl} 1}-!; 2n {2"_:%

{1.5)

According to this equation the path difference is affected
M
by the relative refractive index {j%] of the media inside

and outside the interferom eler.

I.2.2- Ray Tracing Method :

The fundamental phase condition could bhe derived by

tracing the path of the rays [11].



I.2.2.a- The case of a gilvered air wedge :

Consider a parallel beam of monochromatic light incid-
ent on é normal to one of the two components forming a sil-.
vered air wedge (Fig. 1.2.a). Take the apex_of the wedge as
the origin (o,0) and the vertical component as the y-axis.
Multiply reflected beams after being transmitted intersect
-at point P(X_, Y ). The total path of the beam after suffer-

ing n reflecticns 1s equal to :

From geometry of the figure, we have
ROIR1 = cos 2cfcoseE
Rn-TfRn = cos {n+1}efcos (n-1})e
PH = [XO-YO tan€) cosefcos (n+l1j)s

R, = xo,fcos ne- PH

The length of the path =

R {ccs{n+lll£ L0850 £ cosi{n+l)E cogs(n-1} € cos n £ cosint+l) E I
n cosi{n-1)¢ cos{n-2} cos(n+l} cos{n-3} £ cos{n-2}€ cos(n-1}& "
X%
cos n E

1 ~ X

+
cos(s-1)g cos sg cos nE

s=n
= Rn cos necos (n+l}g E
=1

Now .
sin s g _ sin {s-1)l¢ ~ 5in sgensgis-1l)e - sin{s-1)g cos s €
cos sg sing cog(s-1)e9in g cos sg cos (s-1l) e sine
sinlsg - {s-1)el sing 1

-y =
cos sgcos{s-1)g sing ~ cos & £€cos {s-1)€ gin € cos (8-1)£ cos €

and since,
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rig. 1.2.a. Bghavicur of multiple reflected beamsin & silvered
air wedge.
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Fig. 1.2.b. Behaviour of multiple rafelcted beams in a silvared
wedge enclosing a dispersive medium.



