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J.F. Halkup September JltiS, 

§E.. 5369 (Fourier Optics and Holography) 

Details on Project: Research/Oral Presentation on a Topic of Your Choice (Optics) 

Listed beloH are some sample :projects, but others may be chosen also. 
Feel free to consul·t. Hi th rne on your choice of topic. If your HS 
or Ph.D. thesis work involves Fourier Optics or Holography, you may 
vrant to choose a topic relating to your thesis work. The key dates are: 

Oc~-, 
Deadline for ch9_:\.9e . ..E!._:t.opic: I·~ , 

..... ww x 'h41i1Gi e~a:ii:: lllfi,_,.a~ 

D!Z..c, ~. 
Oral Preseptations: vleek of 1-bal!llllll;;;; r:;;,:B 

~--- IU'il§iill~ &'*>; l:IU1Iil g ~ 
Q;gQfiii Mlf!!'ll'¥t.btl:Ytl:t!>#JO_~ ...... 

Me!ltia,l ~§...!. (Basic concepts and state of the art in some area): 

1. Holographic interferometry and its applications 

2. Color holography and its applications 

3. Synthetic aperture imaging 

4. Dir,"ital holography 

5. Holographic memories for computers (read only, read-Hrite) 

6. NeH materials for holography 

? , Restoxation of turbulence-degr<tded images. 

8. Acoustical imaging for biomedical applications 

9· Integrated. optics. 

10. Optical communications: special problems and potentials 

11. Nodulatable lasers and their applications in optical communications 

12. 1·Talsh functions and their applications in optics (\valsh transforms,etc.) 

1.3. Picture coding for bancl.Hidth compression: the :problem and some recent 
developments. 

J.l-1-. Pattern recognition applications with X-rays: applications in medicine 
("black lung disease", "brmm lung disease" (byssanosis). 

15. Applica-t.ions of optical data :processin~ to the analysis of ERTS data 
(Earth resources technology sat·t.eli tes) 

16. O:pportunlties for EE's in the optics industry, 

17. Space-variant image restoration techniques 



Notes on the o:~?al presentations: The talks should be about 30 minutes 
long :plus 5 minutes for questions. They should be illustrated -vTith 
vrhatever visual aids a:p:pear most appropriate (overhead projector, sltdes, 
o:paq_ue projector, etc,). 'l'reat this as a :presentation to a g-.cou:p familiar 
w-:1 th the general field of Fourier o:p·tics and holography, but generally 
unfamiliar with the de·tails of your topic. I1ake the talk someHha:t 
tutorial-i.e.-don't snow us Hith lots of equations- but use equations if 
the material calls for it. Don't talk in a monotone. He may have the 
rest of your felloif students rate you on your talk. Nore detcdls on 
talk. formats Hill be given later. 
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Fig. 7.1. Short exposure narrow band photograp\1 of a magnilied image or an unresolved 
star taken with the Sm Mount Palomar telescope (taken by GEZARI, LAIIEYRIE aml STACH­
NIK) 

the speckle '"size" is of the same order of magnitude as the Airy disc of the 
telescope in the absence of atmospheric turbulence. A long exposure 
image is simply the sum of many short exposure images, each with a 
speckle structure that is different in detail, and is therefore a smooth 
intensity distribution whose diameter is approximately one arc second in 
good seeing. The minimum speckle size, on the other hand, is approxi­
mately 0.02 arc seconds for a 5 m telescope and a mean wavelength of 
400nm; by extracting correctly the info.rmation in short exposure 
pictures of objects with more than one resolvable element we can 
observe detail down to the diffraction limit of the telescope and not be 
limited to the one arc second of conventional images. 

A laboratory simulation illustrating the basic method is shown in Fig. 
7.2 for an unresolved star, binary stars of two separations and a resolved 
star (shown as a uniformly illuminated disc). A large number of short 
exposure records are taken, each through a different realisation of the 
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Fig. 7.2. Laboratory simulation showing principles of stellar speckle interferometry. 
(A, objects: B, typical short exposure photographs: C, diffraction patterns of row B; D. 
sum of 20 diffraction patterns; E, diffraction pattern of row D) (courtesy of A. LABEYRIE) 
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Using an analysis similar to that given in Subsection 7.2.1 we can show 
that if the field .entering the telescope from a point source is complex 
Gaussian, 

<T(u', v') T*(u", v")) = To(u', v') To*(u", v"). c A(~', I]') c:~(~",l(') 

where ~~ =J.fu', etc. 

A 

c 

00 

+ HH CA(~2 -1;!, 1lz - 11!) 
-oo 

· CA((i + ("-( 1-;;', 172 +iJ" -1Jt -1]') 

-H6(i;t,1J)Ho((t +(',1Jt +IJ')Ho((z,lh) 

· H~((2 + ;;", 1]2 + 17") di;, dl], d I; 2 dl] 2 

B 

0 ,--·---------, 

0.05:7 

~
;·; ~.i~;?'). 

,:..-~~~. 0)·.@:;-~;?j~. •'-'Ci, ) ... ~-~,~~r!~~ 
..i_~u>.;rt--=-~' '; /I~(·I.Jc= 

0 

(7.22) 

Fig. 7.10A-D. Diffntction-limited images computed from short-exposure photographs by 
LYNDS ct. al. [7.29]. A) unresolved star (J•-Ori) appm·ently showing a diffraction ring, 
B) Betelgeuse (C(-Ori), a red supergiant, in the continu1,1m, C) Betelgeuse in the TiO band, and 
D) the difference image of B and C. The contour intervals are 5% of the peak intensity in 
A)-C); in D) the interval is 2% with the d(lshed curve indicating that the continuum is 
brighter. The difference picture D) indicates the possible temperature lluctuation over the 
surface of the star 
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Examination of (7.22) reveals that the overall transfer function can 
indeed have non-zero complex values for all (u', u') and (u", u") up to the 
diffraction-limit provided t.hat the differences C -I;' and 1( -t!' (or 
u" -u' and v"- v') arc small relative to the scale of the seeing correlation 
function CA. 'h1 practice this means that we must compute· phase dif­
ferences in the spatial frequency domain; the actual phase is then 
found by summing these differences from the origin to the spatial fre­
quency ofinterest and clearly such a procedure may lead to the ac­
cumulation of errors in the presence of noise. If the seeing is poor (i.e. 
CA has non-zero values over relatively small distances) then many phase 
differences will have to be added to find the phase at a given spatial 
frequency and consequently any error will be greater than that obtained 
in good.seeing. 'In the limit of very poor seeing, CA ~b(()b(IJ), Eq. (7.22) 
predicts that diffraction-limited resolution is only obtained if ("- (' 
and J]"-17' both equal zero (i.e. no phase information). 

Impressive results have been obtained using this technique in a 
computer simulation with excellent seeing and no measurement noise 
[7.25]; however, as the authors pointed out, the true test of the technique 
is on actual short exposure photographs and these results are awaited. 
It should be noted that the phase information can only be recovered 
if the telescope guides accurately on the object [7.28]. 

Another numerical method for finding the original object distribution 
directly from short exposure photographs has been apparently successfully 
implemented by LYNDS et al. [7.29]. A few bright speckles are selected 
from short exposure photographs of a resolvable object and are super~ 
imposed with the aid of a digital microdensitometer and computer. 
The resulting picture (see Fig. 7.10} is an image of the object and may 
contain information to the diffraction limit of the telescope. 

To see why this very simple method tnay provide a picture of the 
original object, ~onsider first the hypothetical case in which it is supposed 
that a short exposure photograph of a point source consists of a few 
widely separated bright speckles. The short exposure image for an 
extended object is simply the convolution of the object intensity with 
this speckle pattern (7.1) and provided that the object is not too large 
this will produce a pattern which is a collection of images of the object. 
each one centred at an original speckle position. Superposition ofthese 
images improves the signal-to-noise ratio. The speckle pattern from a 
point source is not a collection of widely separated bright speckles; 
however, because of the approximately negative exponential statistics 
for the intensity of a speckle pattern' from a point source, a few speckles 
may be significantly brighter than the others and thus give images of a 
resolved object, albeit on a noisy background. By careful selection of the 
speckles reliable images may be obtained. · 
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