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Physical Sciences

r Swapan K. Saha is a sceentist af the Indian Imstitute

of Astrophysics. Bangalore, India. After obaining

Ph from the Institute of Radiophysics and Electronics,
Caleuwita University in 1983, he had focused on the devel-
opment of optical interferometry and spent a yeor during
1988-89 a1 Observatoire de la Cote d' Azur (formerly
CERGA), Coussols, France, 0 study the high engular fea-
tures of sars, using the long baseling optical interferom-
eter that consists of a pair of 1.5 meter telescopes. He has

a strong interest in experimental physics and has deve-
loped vasious equipments. Among others, he has developed
the speckle interferometer for the 2.34 meter Vainu Bappu
Telescope (VBT), Vaim Bappu Observatory, Kavalur, which
is used regularly to study the high resolution features of dif-
ferent types of celestial objects. He is a member of Interna-
tional Astronomical Union, as well s a member of Astro-
nomical Seciety of India. Dr Saha is also o member of the
editoria] board of Astan Joumnal of Physics. At the 91" Ses-

gion of the Indian Science Congress held st Chandigarh, he
delivered an invited 1alk on “Astronoemical Imaging by Em-
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ploving Optical Interferometry: The Futurs™,

MISCAIR: Dr Sahia, modern asironomy émbraces  wamely
of researches; whar exacily i vour field of research?®

SWAPAN K. SAHA: My feld of rescarch is "High angular
resofulion astronoany in optical wavebands®. Opiical inter-
ferameiry is a powerful tool, which can be employed o
nchieve such a resolution.

NISCAIR: kouw have mentiomed abowt speckles in vopr ik
How are they formed ! What is speckle inferfevometer? In what
vy is it diffevent from Michelion's interferometer?

SKS: The flot wavefronts from 5 star reaching the exiernal
pupil of o ground-based ielescope get corrupted due o the
atmosphencally induced phase Muctaations, They reach with
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patches of random excursions in phase that are aributed o the refractive index
flectuations created by pockets of inhomogencitics in the atmosphere. An atmo-
sphenic optical transfer function is defined in terns of its coherence length. The
periurbations in the wavefront pradoce off@cis similar to opiical abermations in
the telescope. The effective angular resolution of most ielescopes. imespective
of their sizes, cannot be better than that of o telescope whose aperiure diameter is
equal 1o the coherence length. 11 the integration time is shorier than the evolu-
tiom time of the phose inhomogeneitics, the interference fringes are preserved,
but their phases are randomly distored. This produces the speckic patem -
served in short-exposure images. Iis struchure in astronomical images is the re-
sult of constructive anl destructive bi-dimensional inmﬁrmwu Tays
coming from different zowes of incident wave. Speckle interferomeler is a high
quality dj!ﬁ:rs.:ﬂm-]lm]md. camera where magnified shor-cxposure images can
be reconded.

Michelson's interferometry is based on amplitude division which measures
the wemporal coherence. Michelsan b hﬂnﬂ:&:?msm:lb:-nmpmd with
4 flat mirrors to field the beams in periscopic fashion. Apart from the mechanical
instability, this experiment had faced various difficulties, such ns the effect of
atmaspheric turbalence, and varistions of refractive index above small sub-ap-
ertures of the interferometer cansing the interference pattern 1o move as a whale,

NISCAIR: flow are the images obrained by speckle interferometer analyzed?
Whar rypes of pattern variations dare obtained as compared fo normal astro-

memical fmages?

SKS: The sum of several statistically uncomrelated speckle pattems from a
point source can resulf m auniform patchof light a few arcseconds wide, which
is known as the normal astromomical image or conventional image a8 we call it,
while speckle intesferometry estimates the modulus of the Fourier mansform
From a sed of shon-exposure specklegrams of the object of interest. A specklegram
represents the resultant of diffréction-limited incoberent imaging of the object
irradiance convolved with the function representing the combined effects of the
turbulent atmosphere and the telescope. After caloulating the modulus square
Followed by averaging over many frames, the object autpcorrelation is recon-
structed. The ransfer function of the atmosphere and the telescope is estimated

by calculating Wicner specinom af the instaEnizneons intensity from the unre-
solved star. Reconstruction of object antocorrelation in case of the components
in a group of stars retricves the scparation, position angle with a 180 degree
ambiguity, and the relative magnitude difference. Post-detection image process-
ing algorithms provide the phase information,

NISCAIR: Can image-processing algorithms be useful in other fields?

SKS: Yes, image-processing algorithms like Mome Carlo system, iterative
deconvelation techniques are being employed in bio-medical applications. Re-
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sults of imaging through turbid media wherein Jacobian is caleulated through
perturhation Maonte Carlo are also being reporied.

NISCAIR: Sinee the rays/radiation from the stellar objects are affected differ-

enily by the urbulence af Earith's atmasphere like wird velocity, irregularities,

terperature, husidity efe., can the speckle interferomeiry be used 1o study these
atmespheric mrhnlence from the ground, based on the variarion of intensity of
the radiations recelved from those abfects?

SKS: Yes, the atmospheric coherence length can be determined by speckle in-
terferometry,

MISCAIR: Caw this rechinique be exteided to speetroscopic and polarimerric
IReasiremenis’

SKS: The application of speckle interferometric technigue to speckle spectro-
scopic observations enables one to obtain spectral resolution with high spatial
resolution of astronomical objects simultaneously. There wis a report on a bi-
nary star where the reconstructed specira reveated that the primary star (Be star)
hias an HIL emission line while the secondary star has an HII absorption line. The
high resolution polarimetric studics 1oo have advantages over conventional im-
aging palarimeter, such as the capability of monitoring the shon-time variability
of the stmospheric transmission, as well as 1o get insight into the binary star
miechanism. Scientists have found from the polarimetric measurements recon-
structed images with 0.11 arcseconds resolution in the HIT line, which exhibit a
capact structure elongated in agreement with the presence of a circumstellar
equatorial disk.

NISCAIR: You have alre tafked abowt dark speckics. How are they obierved?

SKS: Highly destruciive interferences may occur oceasionally depicting near
black spots in the speckle pattern. This method exploits the light cancellation
effect in random field, The ohservational technique features the combination of
both speckle interfierometry and adaptive optics (AO) systen. It improves the
pessihility of detecting faint companioss of stars.

NISCAIR: Wit is adaptive opics? How does it elp in the observation of
stellar objeetsT Can thiz systen be wsed in other fields?

SKS: Adaptive optics (AD) system removes the turbulence induced wavefront
perturbations in real time by incorporating a controllable phase distortion in the
light path, which is apposite 1o that introduced by the atmosphere. This system
allows terrestrial telescopes to achieve their near diffraction-liminand to wimess
clearly s if they were in space. It is useful for speciroscopic observations, for
lonw light level imaging, as well as for the ground-based long baseline optical
interferometry.
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Yes, this sysiem can be employed In other branches of physics as well, par-
ticularly for bio-medical applications. A camera equipped with adaptive optics
allows ome (o image a microscopic size of single cell inthe lving human retina.

NISCAIR: Whar are the other prominent instifutesfuniversities in the country
engaged iy research (n thege flelds?

SEK5: Mo other instiwiieluniversity 15 actively engagad in this type of work
present. Apart from our institate, the Instilute for Research and Development
Establishment 15 also developing the A system for a different purpose.

NISCAIR: Can nwo or mare felescapes be arvangediconnected in oprical inter-
feromerry? If ves, do they take ohservarions separately or in-combinarion simul-
fameously?

SKS: The light collected by an army of separated welescopes could be coher-
ently combined. Each pair of telescopes in the array yiebls'a measure of the
amplitude of the spatial coherence function of the ohject at a spatial frequency.
Antoine Labeyrie, a ploneer and a discoverer of speckle interferometry, had de-
veloped this technique by using a pair of independent telescopes that are run on
tracks for variahle Norh-South badeline. Iteambines the featires of the Miche on
deslgm and the radio interferometers. These tebescopes track simultanenisly the
same spurce {star) and send the collected light wythe central Inboratory when:
the star images are superposed ot the foci in order o prodioce Young's fringes,
The beams from these telescopes are recombined in an image plane after
reconfiguring the pupils. Fringed speckles are visualized when a speckle from
one lelescope is merged with the speckle from the other tebescope. These Tringed
speckles ane dispersed and the spectra ane recorded at short-exposure using o
photon counting detector. At present, several such inérferometers using 1wo or
more telescopes ane in operation. In some cases, large telescopes are being used.

NESCATR: Are wlicie ephical insfruntents wsed for ground-based observations
o space -hased alaervanions”

SE5: These optical instruments are ground-based, NASA is planning o launch
“Space Interferometry Mission® by 2009,

NISCAIR: [If it is ground-based, then how do you filter ont the ammospheric
effects {suwch as refracrions, reflecttons, erc.) thar deviate the rays emirred by a
distant ohject in the sky in opical wavelength or in infrared wavelength?

SKS: Due to operation at atmospheric pressure, different chromatic dispersions
between the two beams occur. This effect is compensated by using, for each
beam, two prisms which can slide on their hypotenuse, forming, therefone, a
plate with adjustable thickness. This thickness is modified every few minules,
following the variation of the altitude of the observed object.

MNISCAIR: Can X-ray or gamtd-ray speciroscopic ' measurerent be possible
weith this techinigue ?
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SKS: May be in space, it may become feasible.

NISCAIR: In case of space-basad observation, since atmospheric constiments
are negligible. what is the need o go for this rechnique?

SKS: Since the effect of atmosphere is negligible in space, the advantage of
using long baseline interferometry in duter space is the ability to observe at any
wavelengih. and for long periods.

WISCATR: Fou have mentioned that with this techuigue, originof pataxies and
wniverse, ie., the stellar systems can be understood ina better way, How?

SKS: The new interferometers with phased arrays of multiple of 8-10 m sub-
aperiures pre=vidie Farger collecting areas aml higher spatial resalition simulta-
ngowsly, These instruments fitted with complete AD systems would be able to
prowvide imaging and morphological information on the faint extragalactic sources,
such as golactic centers in the voung univeris, deep felds. and host galaxies.
Measurement of such objjects may be made feasible by the instruments with a
fairly complete (u, v) coverage and lurge Geld of view,

NISCATR: Whar és the Keck inverferometer tat vou fave ralled alour?

SKS: Keck interferometer isof beterugéneous type comprising two large tele-
seopes (10 miesch) ond four 18 m ‘owlrigger telescopes. A problem arises from
the recombination of one Large anid one small telescope since the signal-to-noise
ratic: wiould be the one given by the smaller one. For imaging the main tebe-
seopes are used with outriggers oo fll i ncomplete pans of the (i v) plane. It
combines phased pupils provided by adaptive-optics for the main teléseopes and
Fast tp/ile correction on the outrigpers,

MISCATR: Whear i mew in Ivrocutar felescope ?

SKE: Mot of the interferometers use two apertures-and are unable 1o recover
the complex wvisshility, The binocular tebescope also uses two mirrors, but these
mirrers are comounted on a fully steerable alt-az mounting, thas informatien in
{a, v plane can be continuously combined or co-added.

NISCAIR: Hox any of the Indion institnteJaboratory or university made sy
breakeironugh in ideas and diseaveriesfinventions that fave ereated an impact
recenity interrarimnliy ¥

akS: You mean inthe ekl of opical inerferometry! Mot yel.
NISCAIR: Haw optical asironemy, particularly, the interferometry can be used
for astro-bislogical reseanch?

SKS8: The knowledge of the chemical composition of any planetary atmosphere
provides hints about the likelikood of finding carbon-based life. A large space-
hased interferometer with four or more 25 mielescopes and a larpe specirometer
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may be able 10 detect an exo-planet lines of gases directly produced by Bio-
chemical activity.

NISCAIR: Can extra-solar planetary measurements like those of anmospheric
constitienis of the earth be made with this rechnigue?

SKS: With the present day technology, it is oot possible 1o measure such extra-
golar planetary constitaents.

MISCATR: Can Wack holes in the galoxies be derected with this?

SKS: Ivis a distant dream.

NISCAIR: In this fleld of optical sciences or aptical astronomy, how aggressive
should the research be? gl

SKE: It is worth trving to develop binocular telescope interferometry in Indin. .
NISCAIR: Is there any industry which has come forwand 1o utilize this researcl
OufpIne?

SKS: Unfortunately no business is tied up with this research in India, No indus-
try has come forward o wiilize this sutput either.

NISCAIR: Wihat is the sramus af research in oprical science and echnolagy in
frdta ® In wheat way can it kelp fncia 1o be {n the At of research al interma:
tignal level?

SKS: As far as developing optical science is concerned, we are lagging behind
by two decades or so. India has an outstanding group in the field of radio as-
romomy using long baseline interferometry. We should ke an initiative to-
wards developing long baseline optical interferometry as well.

(D¢ Swapan K. Saha was interviewed by Dr N, €. Mondal]




