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Abstract 

The diffraction phenomenon produced by a Fabry-Perot interference pattern record is ana­
lizcd. 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 determination of deformations in a loaded metallic cantilever. 

I. Introduction 

In a previous report 1 it was analyzed the geometry and profiles of the interference dia­
~rams produced by ~ultiple reflections when a light beam passes through a plane wedge with 
highly reflective surfaces, as in the case of a misaligned Fabry-Perot interferometer. The 
analytical treatment follows those by Brossel 2 , Born and lolf 3 , and Aebischer 4 , 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 interfero­
meter. 

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

In this paper we detail the diffraction phenomenon produced when a light beam impinges on 
a pupil P(y1,z1) containing a photographic record of a Fabry-Perot interference diagram, 
or a moire pattern of these diagrams. 

Following the Gaussian scalar diffraction theory, the field distributions are obtained as 
solutions of ~laxwell equations with specified pupil boundary conditions. Then, the system 
is lin~ar, an~ it is possible to_express the response function of the system gz(y 2 ,z 2) to 
an arbitrary input g 1 (y 1 ,z 1) , in terms of the Green's function of the system. When the 
optical system is space-invariant, we arc able to write 

( 1 ) 

where * indicates the convolution product, and 
Under the Royleigh-Sommerfeld 5 scalar formulation, 

11 is the Green's function of the system. 
take s t h e fo rm 

exp[i 2/ lr 21 1 

, I ( P 2 'µ 1 l = 

1 " 

where '1 is the impulse response at 
located at P 1(y 1,: 1) on the pupil. 
is the nornwl to the pupil, as shown 

( 2) 

Pz(y,,z 2) to a ray coming from a light point source 
rz 1 ~is the vector pointing from Pz to P1 , and n 

in Figure 1. 

Figure 1 
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When th e plane 
for paraxial r ays 

y2 z2 is sufficient l y far f rom the p l ane 
a r e valid, then: 

, Fr es n el anproximations 

[ . 271 ] exp 1.T x 
(3) 

i ,\ x 

If we suppose that g1 CY1, z , ) 
tion ( 1) as : 

O outside the pupi l P , it i s pos s ible to write e qu a-

( 4) 

We wi ll us e this equation to calculate th e f i e ld distribution g2 (y 2 , z2) wher e g 1 (y 1 , z 1) 
represent s a wave transmitted by a pupil whose transmillance i s that oI a Fa bry-Perot inter­
ference diagram p hoto graphic record. 

Section II will analy ze the field distribution U(y 2 , z2) produced by th e ia ve diffractio n 
in the pupil . Calcu lat ions of the image positions and magnifi ca tions by th e r ecorded inter­
ference Fabry -Perot patterns , which are lik e thos e obtained by Fresnel zon e plates, are in­
cluded in Section III. Section IV bri ef l y e xt e nd s the previous analy s i s to the case of 
moir e superposi tion of various interferenc e patt e rns. Section Vis devot e d to th e theoret i ­
cal formulation and exper imental de ve lopment of a compact holo grap h ic device based on th e 
behaviour of the images obtained by multipl e r e fl ec tions. 

II. Diffraction through interfe renc e pattern record s 

Let s0 be a monochromatic li ght point source of wavel e ng th ,\ O locat e d at 
P0 ( x 0 , y0 ,z 0) T a transparency located a t plan e x = x 1 , and P2 (x 2 , y2 , z 2) the ob ser-
vation point, as it is s hown in Figure 2. T con s ists of a r ecord of int e rfere nce patte rn s 
obt ai ned with a Fabry-Perot interferometer limit ed by a pupil P 

Figur e 2 

The sp he rical wave of amplitude Ao originat e d a t Po produces on th e pupil an in cident 
fi e ld 

, where k = ~'!.': 
0 ,\ 

0 

Le t P(y 1 ,z 1 ) be th e fu nction describing the pupil P and t(y 1 , z 1) it s amplitude 
tr ansmi ttance function; then th e value U( y 1 , z 1) of the transmitted fi e l d immediat e l y be­
hind the interferomet e r is 

(5) 

SPIE Vol. 210 2nd European Congress on Optics Applied to Metrology (1979) I 189 



ZERBINO, RABAL, GARAVAGLIA 

By introducingtnis expression into equation (4) and rearranging terms, the field 
U(yz,Zz) at Pz results 

U(yn: 1 ) ~ Jf 00 P(y 1,: 1) t(y 1 ,: 1 ) exp i¢(y 1 ,z 1J exp i'l'(y 1 ,z 1) dy 1 dz 1 (6) 

where 

·~ = 

7 J 
y 1-+z 1--Z(y 0y 1+z 0z 1 I 

k() -------·-- ---
2 (x 1 -x(1) 

i k() 
exp[ --

2 

and 

7 ') 
Yo-+zO~ 
----- + 

x 1 - XO 

2 2 
Yz +--z 

) ] Ao ----

Xz·Xl 

'11 = "o 
2 2 y 1 +z 1 ·Z(y 2y 1+z 2 z 1) 

2 (x 2 -x 1 l 

The transmittance 
rorm 

or a developed photographic record takes. in general, the 

where to is a uniform transmittance which depends on the incident wave intensity; B is 
a factor related with the characteristics of the recording media and the developing process; 
and It ls the intensity distribution transmitted through the interferometer when the in­
terfl'H'nce pattern was re:cor<lt'd. 

As it 111as demonstrated in Reference I 

( - 11 , o, 0) 

6 
,/ (r r )m+q explik(o -cl )l(l---g_) 
q, m= 0 1 .1 q m r q T i (8) 

y 

Figure 3 

l'(x,y,:) 

RECORDING 
PLANE 

x 

where t1 , tz , r1 , rz arc the trans­
mission and reflection coefficients of the 
two interferometer surfaces; k = Zn/A 
with A as the wavelength of the ligth 
whose intensity Ii was used in the re­
cording process; Oq and om are the op­
tical path differences of rays reflected 
q or m times on the interferometer sur­
faces; and rq and rm are the respec­
tive optical paths of those rays up to re­
cording plane. 

To introduce in equation (6) the value 
of t(y 1 ,:: 1) given by equation (7), we 
must write Oq , om , rq and rm in 
equation (8) as functions ol x 1 , Yl , z 1 
coordinates. Such expressions of Oj and 
ri , in the most general case, were cal­
culated in Reference 1 • 

In the particular case of a misaligned 
air spaced Fabry-Perot interferometer 
( n = n' ) , we obtein the following ex­
pression for oq: 

where h 

a 
( -p '() '0) 

2 2 
Zqhn(1- y +: zl + Zqapn _L_ 

2 (x+p) x+p 

is the mean separation between 
plates; 
is the misalignment angle; 
are the coordinates of the 
source O*; 

( 9) 

and x are the distance from the inter­
ferometer to the recording 
plane, as shown in Figure 3. 

The developed plate is located at the 
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the pupil plane y 1z 1 , as shown in Figure 2. Then, the transmittance t(y 1 ,z 1) will be given by 
'} 2 

2 !? m+ y,-+z1 apyl 
(t1tz) l !::. (rlrz) q exp{ik2n(q-m)[h-h + --]} 

q,m=O 2(x'+p)2 x'+p 
( 1 0) 

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 

= ( l - ~) ( 1 - <Sm) 
Tq Tm 

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

p+ 1 p 
t(yl,z1) =ta+ SI- Tz g___z {(Rp+1_R-(p+1)) + l !::. (Rp-s+l - R-p+s-1) (eisko+ e-isk6)}(11) 

1 R -1 s=l 

where R 

6 2 

Then, 

where 

with 

Al 

s, 

and 

rlr2 T = t 1t 2 and 

2 2 

(h h 
Y1 + z l apy1 

n - ---z- + ---) 
Z(x'+o) x'+p 

the field at x = Xz is equal to: 

ko 

2 

-ko 

T2Rp+l 1 ( 1) Q {t 0 + SI.--- (Rp+ -R- p+ ) L1 + 
I R 2 - 1 

TZRp+ l 
+ BI --=2--

1 R - 1 

1 (-- + _l_) 

x,-xo x 2 -x 1 

Yo 
(--- + 

Yz 
--) 

x, -xo x 2 -x 1 
and B' 1 -ko 

zo 
(--- + 
x, -xo 

Ir P(y 1 ,z 1) exp (i(A 2y,2+B 2y 1)) exp (i(A 2 z,2+s2z 1)) dy 1dz 1 
s s s 

with 

knsh 
Az = Al - 2 

s (x'+p) 
B = B + k2nsap 
i 1 x'+p 

and Bz = B1 

( 1 2) 

( 1 3) 

Zz 
--) 
Xz-Xl 

( 1 4) 

To each s value, equation (14) gives one expression of the integrals LZs and Lz_ 5 , 

and it is possible to choose the plane x 2 in such a way that Azs be equal to zero. 
Then, on that plane, Lz will be the Fourie'" transformofthe P(Y1,z1) aperture function. 
In fact, if Azs = 0 , L~s will be: 

( 1 5) 

This condition implies that: 
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and this is the lens 

F 

_1_) 

Xz-Xl 

makers' 

knsh 
2 

(XI +p) 
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0 

formula for a lens with focal length 

( 1 6) 

located at the plane x = x1 The quantities (x 1-x 0) and (xz-x1) are the object and 
image distances, respectively. 

Then, each term in 
aperture in a plane 

Lzs 
x = xz 

contributes to the field, giving the Fourier transform of the 
where Azs = 0. 

This analysis is also true for terms in Lz_ . [n fact, Az_s = 0 at the planes x=x~, 
which are symmetric with respect to the developllplate, to those planes x = xz where 
Azs = 0 for the same values of Is I . 

We must note that A1 vanishes if and only if xz = xo , so L1 in equation (13) rep­
resents a divergent wave from xo . When the dimension of the pupil P(y1,z1) is very 
large, this wave will he 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 

F 

7 
+ ko(x'+p)-

k2nsh 

ITT. Position and magnification of images 

From the condition Azs = 0 it is possible to find out the possitions of focal planes. 
Besides, the other two coordinates of the focus are obtained from making zero the coeffi­
cients Bzs and Bz in equation (14). 

In such a way, we can calculate: 

Yz 
s 

(2nsap >-o 
x I + p A 

, and 

Variations (6y 0 ,6z 0) in the light source coordinates will give as a result, variations 
in the image coordinates, in the following way: 

, and 6z. 
1 

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

M 
x2-x1 

xl -xo 

as geometrical optics predicts for an ideal lens. 

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 moires 

If a ring pattern D1 diffracts the light emitted from a light point source s0 and 
focus it on an image of such a source, it is reasonable to expect, according with the super­
position principle, that in the moire of two or more of such Dn 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 moir6 of two slightly displaced equal patterns, each 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 he interpreted as produced hy 
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 moirt record as a diffracting aperture, could he interpreted 
as the holographic images of the two original point light sources. 

V. Uolography using a Fabry-Perot interferometer 

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

OBJECT 

Figure 4 

INTERFEROMETER 

PHOTOGRAPHIC 
PLATE 

object is illuminated with coherent and monochromatic light. The light scattered hy the 
object, ~* , impinges on a photographic plate passing through a Fahry-Perot interferometer. 

The effect produced by the interferometer is similar to the simultaneous existence or 
p+l homothetic objects whose amplituJes arc •proportional to each other, and whose phases 
differs from each other in 

211 6 

A 

where 6 is the optical path JiFfcrencc. 

If an is the amplituJc of the inciJent ficlJ on the plate, corresponding to the n!b. 
image of the original object, the total field on the plate will he 

and the recorded intensity is expressed as: 

p - 2 
L I an I + 
n=O 

j> 

l ;rn ai* 
n, i =O 
n f- i 

Working in the linear region of the photographic plate, the transmittance of the dcvel­
opeJ record will be t = t 0 +Br . 

If in the reconstructing process 1"e illuminate the record with a rield B, the output 
light field will be 

Uz = 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 = aj the field equation takes the form: 

p 

l an 
n, i=O 
n t- i 

* a. 
1 

p 

+Bl a la-1 2 
n=O n J 

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 ~n homothetic object. Besides, the recon­
struction efficiency will increase as the reconstructing wave becomes more similar to some 
object wave in . 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 he made outside the experimental laboratory 
conditions. 

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

COHERENT 
ILLUMINATION 

_,,,/ 

DIFFRACTED 
LIGHT 

Figure 5 

'r . 
• 0 I 

HOLOGRAPHIC 
, .... -- ... ) 

COMPACT DEVICE 

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. It is 
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. 

We made interferential holograms of a cantilever measuring 12 cm long, 2,1 wide 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 
real 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. In this case the interference occurs only between rays 
coming from corresponding points of consecutive images. 
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Figure 6 . Experi me nta l setup . (A ) Argo n l ase r 
beam, (L) l en s , (H) hol og r aph ic compact 
device , (C)cant i l e ve r lo a ded . 

Figure 7 . Recons tru cte d images . 
(A) vi rt ual 
(B) r ea l 
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