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Fig. 7.1. Short cxposure narrow band photograph of a magnificd image of an unresolved
star taken with the 5m Mount Palomar telescope (taken by Gezarl, LABEYRIE and 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 5m telescope and a mean wavelength of
400nm; by extracting correctly the information 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 Subsectién 7.21 we can show
that if the field entering the telescope from a point source is complex
Gaussian,

CTC) TH oy = Ty ad, ) T4, 07) - CA(E) CAE )

+ .[J.” Calé, =&z —1y)

CXE+8"=& =&+ —n —1)
H*(fla’?)Ho(fl'i‘f, ’71+’1)H0(52=’72)
HE(E2+&" ny+1")dE, dn,dE, dn,
(7.22)
where & =Jfu, etc.

Fig. 7.10A-D. Diffraction-limited images computed [rom short-exposure photographs by
Lynps el al. [7.29]. A) unresolved star (p-Ori) apparently showing a diffraction ring,
B) Betelgeuse (a-Ori), a red supergiant, in the continuum, 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 dashed curve indicating that the continuum is
brighter. The difference picture D) indicates ‘the powblc temperature {luctuation over the
surface of the star
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Examiination of (7.22) reveals that the overall transfer function can.
indeed have non-zero complex values for all (¢/,v') and («”,v") up to the
diffraction: limit provided that the differences & —¢ and #"—n' (or
W' —u and v" —v") arc small relative to the scale of the seeing correlation
function C,. In practice this means that we must compute phase dif-
ferences in theé spatial frequency domain; the actual phase is then
found by summing these differences from the origin to the spatial fre-
quency of-interest 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.
C, 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. Tn the limit of very poor seeing, Ch—3(6)o(n), Eq. (7.22)
predicts that diffraction-limited resolution is only obtained if & —¢
and 5" —n' 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

[7.257; 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].

Arnothér 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 may provide a. picture of the
original object, consider 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 of these
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 applommdlely 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 sclection of the
speckles reliable images may be obtained.
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