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Abstract

The diffraction phenomenon produced by a Fabry-Perot interference pattern record is ana-
lized. As a result of this analysis, a compact device for interferometric holography has
been developed. It is presented as example an application of this device to the interfero-
metric detcrmination of deformations in a loaded metallic cantilever.

I. Introduction

In a previous report' it was analyzed the geometry and profiles of the interference dia-
grams produced by multiple reflections when a light beam passes through a plane wedge with
nighly reflective surfaces, as in the case of a misaligned Fabry-Perot interferometer. The
analytical treatment follows those by Brossel?, Born and Wolf?®, and Aebischer", but taking
into account the refractive index of the transparent media, and the possibility that the
monochromatic point source and the observation plane could be located near the interferc-
meter.

The geometry and profiles of the moiré patterns obtained by superposition of the inter-
ference diagram records, were also calculated. Both the interference diagram records and
the moiré patterns show interesting diffraction behaviour.

In this paper we detail the diffraction phenomenon produced when a light beam impinges on
a pupil P(yj,z7) containing a photographic record of a Fabry-Perot interference diagranm,
or a moiré pattern of these diagrams.

Following the Gaussian scalar diffraction theory, the field distributions are obtained as
solutions of Maxwell equations with specified pupil boundary conditions. Then, the system
is linear, and it is possible to express the response function of the system g2(yz,2;) to
an arbitrary input g1(y],z1) , in terms of the Green's function of the system. When the
optical system is space-invariant, we are able to write

wherc * indicates the convolution product, and i is the Green's function of the system.
Under the Rayleigh-Sommerfeld® scalar formulation, H takes the form
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TPy,Py) = - — = cos(n,r,y) (2)
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where 1 is the impulsc response at P:(y»,z;) to a ray coming from a light point source
located at Pl(y],:]) on the pupil. 1, is the vector pointing from P; to P, , and n
is the normal to the pupil, as shown in %igure 1.
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When the plane ypzy 1is sufficiently far from the plane yqzq , Fresnel approximations
for paraxial rays are valid, then:

exp[igﬂ X

1 ——2exp (L Ly, R (22 R D) (3)
i X x
If we suppose that gq(yq,z7) = 0 outside the pupil P , it is possible to write equa-

tion (1) as:

\ i 2
gZ(YZ’ZZI = 81(Y1’Z1) CX?{%é[(yZ‘Y1)Z+(Zz‘:1) 03; dY] dZ1 (4)

exp[i%? x] I[w
1 E

We will use this equation to calculate the field distribution g,(y;,z;) where gi(yqy,2z¢)
represents a wave transmitted by a pupil whose transmittance is that o% a Fabry-Perot inter-
ference diagram photographic record.

TS YK, 2

Section IT will analyze the field distribution U(yj,zp) produced by the vave diffraction
in the pupil. Calculations of the image positions and magnifications by the recorded inter-
ference Fabry-Perot patterns, which are like those obtained by Fresnel zone plates, are in-
cluded in Section III. Section IV briefly extends the previous analysis to the case of
moiré superposition of various interference patterns. Section V is devoted to the theoreti-
cal formulation and experimental development of a compact holographic device based on the
behaviour of the images obtained by multiple reflections.

IT. Diffraction through interference pattern records

Let § be a monochromatic light point source of wavelength A located at
Pg(xg,yp>209) » T a transparency located at plane x = x7 , and z(xz,yz,zz) the obser-
vation point, as it is shown in Figure 2. T <consists of a record of interference patterns

obtained with a Fabry-Perot interferometer limited by a pupil P

Y0

Figurc 2

The spherical wave of amplitude A; originated at P, produces on the pupil an incident
field

eikor“) 2m
T , where kO = ==
10 Ao

A

Let P(yq1,zq) be the function describing the pupil P and t(yq,zq) 1its amplitude
transmittance function; then the value U(yq,zq) of the transmitted field immediately be-
hind the interferometer is

B ~ e]k0r10 p B e
g]()’];‘r]) o AO _—'r‘_'_ (Y])Z]) t(Y‘]y“‘]) ( )
10
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By introducingthis expression into equation (4) and rearranging terms, the field
U(y;,z2) at P, results

)

U(YZ’ZZ) =N J[ P(yl,z]) t(y],:l) cxp io(y1,z1) exp iW(y1,z1) dy1 dz1 (6)
where

ikn(x,-%x5) iKka(X5-%X,) ik % 2+z 2 y 2+" 2

IK - > 2° 3 <9
n = -S 0271 707 e 70 ! exp[——g ( U U 2 )1 A, s

i Ay (x]-xo) (xz-x1) 2 X1-Xx, X5 "X,
2 2. 2 2
Y1 *2 2yt vtz 2lypygrzyzy)
¢ = LO —_——————— — and ¥y = ko
2 (xymxy) 2 (xp-xq)

The transmittance t(yq,2;) of a developed photographic record takes. in general, the
form

tly a2, =ty + B I, (7)

where tp is a uniform transmittance which depends on the incident wave intensity; B is
a factor rclated with the characteristics of the recording media and the developing process;
and [ 1is the intensity distribution transmitted through the interferometer when the in-

terference pattern was recorded.

As it was demonstrated in Reference ! |
5 p 9 §
[,o= (t,ty)° 3 (v )" explik(s s )1(1-=% (- 1 (8)
t 172 g 172 q m r r i
q,m=0 q m
where t7 , t , Ty , T2 arc the trans-
y‘r Pix.v,z2) mission and reflection coefficients of the
XY,z two interferometer surfaces; k = 2n/)x

with X as the wavelength of the ligth
whose intensity Tj was used in the re-
cording process; § and 85 are the op-
tical path differences of rays reflected

q or m times on the interferometer sur-
faces; and r and r, are the respec-
tive optical paths ot those rays up to re-
cording plane.
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' To introduce in equation (0) the value

X of t(yy,z7) given by cquation (7), we
o* - h— : must write 8§ , Sm , 1 and TR in
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equation (8) as function X1 5 ¥1 5 2
coordinates. Such cxpressions of §j an&
ri , in the most general case, were cal-
culated 1in Reference

(-0,0,0)

In the particular case of a misaligned
air spaced Fabry-Perot interfcrometer
(n=mn"), we obtein the following ex-

RECORDING pression for 8q:
PLANE
2,.2
6q = 2qhn(1-—L"55) + 2qapn X (9)
2 (x+p) X+p

where h is the mean separation betwecen

platcs;
a 1is the misalignment angle;

(-p,0,0) are the coordinates of the
source 0%,

and x are the distance from the inter-
ferometer to the recording
plane, as shown in Figure 5.

Figure 3 The developed plate is located at the
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the pupil plane Yqzq, as shown in Figure 2. Then, the transmittance t(y1,21) will be given by

2 2
Yq~*z apy
L R D (10)

2
t()’1;z1) = tO + B Ii (t1t2) g AO
q,m=

where x' was the distance from the interferometer to the photographic material at the re-
cording time. For the sake of brevity we have called

(r]rz)m+q exp{ik2n(q-m)[h-h
2(x"+p) 2 x'+p

§ 8
= (1- 4y (q- 20
(- $Ha- o

It is possible to transform the double summa in equation (10), obtaining:

p+1 ) p ; e e et
tly;,zq) = tg + 8 1; T2 B gmPPIRT(PY 1)y gy (RP7SHT L grPrscly (o lskS, o miskéy gy
RZ-1 s=1
where R = T, ; T = t1t2 ; and
2 2
Yotz %Py
§=2n(h-h +

2(x'+o)2 x'+p

Then, the field at x = Xy is equal to:

2.p+1 _
Uly,,zp) = Q (tg + 81, TR (rP* T g (P*1)y
R -1
2p+1 P ) ) } . .
+ BIiI—%——— 7oA (RP S+1_R p+s 1) (elansh L, + e ik2nhs Lz)} (12)
R™-1 s=1 s -s
where
® . 2 . 2

Ly = ff P(y;,29) exp (i(Ayy,"+Byy;)) exp (i(Ayz,7+Bjz)) dy,dz, (13)

with
k
Ay s 2t 1y,
2 X1°Xx, X57Xy
y y z z
By = ky (—2— + —2) and B) = -ky (—— + —2)
X.I XO XZ'X.l X.I-XO XZ')(]
and
[ . 2 . 2.,

L, = JJ P(y;,2q) exp (1(Agy1 +B%y1)) exp (1(A§z1 +B221)) dy,dz, (14)

S -
with

A2=A1'£§h—2 s B2=B1+m_§29_ and Bé:Bi

S (x'+p) 5 x'+p

To each s value, equation (14) gives one expression of the integrals L2_. and Lz s
and it is possible to choose the plane x in such a way that Aj be equal to zero.
Then, on that plane, LZs will be the Fourier transformof the P(y1,z7) aperture function.
In fact, if Ay =0, L3; will be:

L% = JJ P(yq,2¢) exp (iB§Y1) exp (iBjz,) dy,dz, )

-

This condition implies that:
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k

A = Y ( 1 N 1 ) - knsh 5= 0 (16)
- - 1
% 2 Xq-Xq X5 Xy (x'+p)
and this is the lens makers' formula for a lens with focal length
) kO(X'+o)2
2nsh ’
located at the plane x = X; . The quantities (xj-xg) and (x2-xq7) are the object and

image distances, respectively.

Then, each term in L2g contributes to the field, giving the Fourier transform of the
aperture in a planc x = X, , where AZS = 0.

This analysis is also true for terms in L In fact, Ay o = 0 at the planes x=x},
which are symmetric with respect to the developglplate to those planes x = x; where
A25 = 0 for the same values of |'s|

We must note that A] vanishes if and only if x; = x5 , so Ly 1in equation (13) rep-
resents a divergent wave (rom xg . When the dimension of the pupil P(yq,zq) 1is very
large, this wave will be transmitted without perturbation.

Then, the diffraction phenomena observed in a Fabry-Perot interference ring pattern can
be interpreted as being produced by lenses with focal lengths

K, (x'+0) >
‘ +
poos Roxte)”
k2nsh
ITT. Position and magnification of images
From the condition Az4 = 0 it is possible to find out the possitions of focal planes.

Besides, the other two coordlnates of the focus are obtained from making zero the coeffi-
cients Bz and By in equation (14).

In such a way, we can calculate:
X2 %4

) (x2~x1) , and Zy T tzg
s X17Xq

(Znsap fg R Yo
x'"+p A X1 X

(72108

Variations (Ay,,8zpy) in the light source coordinates will give as a result, variations
in the image coordlnateq, in the following way:

X,-X Xy-X
Ay. = - 2 Ayo , and Az. = - 2 1 AZO
*17%0 X17%p

Thus, the Fabry-Perot ring pattern behaves like a lens whose magnification is

XZ'X1

X17%0
as geometrical optics predicts for an ideal 1lens.
These results reminds us those ones obtained with Fresnel zone plates. Then, we have
found out that the diffraction by Fabry-Perot rings gives rise to the formation of multiple
images of the light source.

IV. Diffraction by moirés

If a ring pattern Dy diffracts the light emitted from a light point source S;, and
focus it on an image of such a source, it is reasonable to expect, according with the super-
position principle, that in the moiré of two or more of such D, patterns, each one will
contribute to the field distribution, given rise to point images of the source s . These
point images are located at positions calculated in accordance with equation of Section III.
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For example, in the case of the moiré of two slightly displaced cqual patterns, cach one
of them gives rise to the formation of an image of the source which lies at same distance
from the plate. Then it is easy to see that these points act as the secondary source in a
Young's experiment. Those secondary sources will produce an interference phenomenon without
localized fringes.

On the other hand, the record of the displaced rings could be interpreted as produced by
recording the Fabry-Perot interference rings of light coming from two point sources located
at the same distance from the interferometer. From this point of view, each pair of imaged
points generated by using the moiré record as a diffracting aperture, could be interpreted
as the holographic images of the two original point light sources.

V. Holography using a TFabry-Perot interferometer

Let suppose we make an experiment with a device similar to that shown in Figure 4. The

COHERENT
MONOCHROMAT I C

LIGHT nn
—

0BJECT JL

INTERFEROMETER
PHOTOGRAPHIC
PLATE
lFigure 4
object is illuminated with coherent and monochromatic light. The light scattcred by the

object, T* , impinges on a photographic plate passing through a TFabry-Perot intcrferomecter.

The effect produced by the interfcrometer is similar to the simultancous cxistence of
p+1 homothetic objects whose amplitudes are .proportional to each other, and whosc phases
differs from each other in

2n
A

§

where 6 is the optical path difference.

If an 1is the amplitude of the incident ficld on the plate, corresponding to the nth

image of the original object, the total fiecld on the platc will be

S0

dn
=0
and the recorded intensity 1 is expressed as:
p 5 P .
I=z |an| +2_ Ena‘i
n=0 n,i=0

n # i

Working in the lincar region of the photographic plate, the transmittance of the devel-
oped record will be t = tg + B T

If in the reconstructing process we illuminate the record with a field B , the output
light field will be

U2 = Bt
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Supposing that the reconstructing wave has the same amplitude and phase than those gen-
erated in one of the objects, for example B = @j , the field equation takes the form:

RERE ) *ae ) |z, | %

U, =a. (t_ + 8 a ) + B 3, a, . + B a_ |3,

2 B n=0 " Jon,i=o 1 n=0 M J
n#i

We see that the first term is proportional to the incident field, and the second one
corresponds to the interference between different orders. The third term reconstructs a
field proportional to that generated from every a, homothetic object. Besides, the recon-
struction efficiency will increase as the reconstructing wave becomes more similar to some

object wave ap, . Then, it follows a straightforward possibility of doing holographic

interferometry in a real time mode.

The diffraction efficiency of the holograms obtained with this new method is not so high
as in conventional holography. However, as it does not need an explicit reference beam to
construct the hologram, it offers the advantage of making a compact holographic camera.
With it, holograms of moderate quality can be made outside the experimental laboratory

conditions.

Figure 5 shows thc cxperimental scheme of the compact holographic camera for taking
holograms of objects illuminated with coherent and monochromatic light.

COHERENT
ILLUMINATION

/

INTERFEROMETER

DIFFRACTED | | . __\__.
L1GHT 0 ”

“r
]
[
1
'
A

Pa—

HOLOGRAPHIC
COMPACT DEVICE

Figure 5

By changing the focus of the camera objective, it is possible to record image holograms
of reasonable efficiency.

The interferometer can be solid, glassmade, with both faces semispecular plated.
also desirable to introduce a slight misalignment between faces, which will produce the

effect of an off-axis hologram.

We obtained "image' holograms locating a 1 cm thick glass interferometer inside a 35 mm
conventional photographic camera. We used Kodak SO 253 holographic film of fast response,
and Kodak 649F with slow response, and the objects were illuminated, indistinctly, with a

2 W argon laser or a 1 mW He-Ne laser.

It is

We made interferential holograms of a cantilever mcasuring 12 cm long, 2,1 widc and 0,4
width fixed in one extreme and loaded in the other with 20 g weights.

The photographs of Figures 6 and 7 show the experimental set-up and the reconstructed
recal and virtual images.

We must note that, as the recorded interference pattern is obtained by multiple reflec-
tion of the light inside the interferometer, it is possible to consider the case in which
the light is spacially incoherent. 1In this case the interference occurs only between rays

coming from corresponding points of consecutive images.
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Figure 6. Experimental setup.(A)Argon laser Figure 7. Reconstructed images.
beam, (L)lens, (H)holographic compact (A) virtual
device, (C)cantilever loaded. (B) real
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