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Phase~Coherent Astrometric Interferometer

\

Mark III stellar interferometer, which is a fringe-tracking

This year involved continuation of the development of the

long-baseline Michelson interferometer designed primarily for
wide-angle astrometry at the milli-arcsecond level. It also

is useful for measuring stellar diameters and as an initial
test bed for concepts relevant to aperture synthesis imaging.
It is being constructed on Mount Wilson, Californiag as a joint
project involving the Massachusetts Institute of Technology,
the Smithsonian Astrophysical Observatory, the Naval Research
Laboratory, and the U.S. Naval Observatory. The first success-

ful observations with the Mark III occurred during 1986.

Progress continued in the area of instrument development.
Our major effort this year has involved the laser siderostat
subsystem. This task involved testing and improvement of the
laser interferometer's electronics, which had been constructed
previously at the Naval Research Laboratory. Modifications
were made to the timing circuitry for the interface to the IBM

computer, and to the wiring.

Modifications were also made to the motor pulse-generator
board, which drives the siderostat stepper motors. The initial
motors were replaced with high resolution units. This led to

additional changes in a number of related subsystems.

Development of the laser subsystem began during the summer,
during which time the initial assembly, system integration, and
testing of the Mark III were also supported. The siderostat
control system was upgraded so that it could update the
8-parameter siderostat model in real time. This involved
adapting the existing off-line Kalman filters to function as
a real-time task which is executed every 30 seconds. The

Kalman filter was improved during this effort.
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Another effort involved expansion of the system for use
with 3 siderostats: this included expansion of the system
state description and interfacing the system with the various
computers, communication channels, and related system elements.
The fringe-tracking and star-tracking logic was also improved
and expanded as part of this effort, and documentation for the

siderostat system was greatly improved.

Additional tasks performed in the development of the
laser siderostat system involved electrical design and
construction, optical and mechanical design and construction,
theoretical studies related to optimum estimation of siderostat
pointing parameters, and related system software development.
A complete vacuum svstem was also designed, assembled, and
shipped to Mount Wilson Observatory; it services both delay

line vacuum tanks.

Four papers were prepared for publication during this
period. Abstracts for these manuscripts are attached; these

manuscripts include:

1) "Application of Interferometry to Optical Astrometry,"
M. Shao, M. Colavita, D. H. Staelin, K. J. Johnston,
R. §. Simon, J. A. Hughesg, and J. L. Hershey.

2) "The Mark III Stellar Interferometer," M. Shao, M. M.
Colavita, B. E. Hines, D. H. Staelin, D. J. Hutter,
K. J. .Tohnston, D. Mozurkewich, R. S. Simon, J. L. Hershey,
J. A. Hughes, and G. H. Kaplan, submitted to Astronomy and

Astrophysics, May 1987.

3) "Atmospheric Phase Measurements with the Mark III Stellar
Interferometer," M. M. Colavita, M. Shao, and D. H. Staelin,
submitted to Applied Optics, June 1987.

4) "The Two-Color Method for Optical Astrometry: Theory and
Preliminary Measurements with the Mark III Stellar
Interferometer,”" M. M, Colavita, M. Shao, and D. H. Staelin,

submitted to Applied Optics, June 1987.
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0 APPLICATION OF INTERFERCMETRY TO OPTICAL ASTROMETRY

M. Shao and M. Colavita

; Smithsonian Astrophysical Observatory, Cambridge, Massachusetts 02138

% D. H. Staelin

) Massachusetts Institute of Technolcgy, Cambridge, Massachusetts 02139

§ K. J. Johnston and R. S. Simon

§ E. 0. Hulburt Center for Space Research, Naval Research Laboratory,

! Washington, D. C. 20375-5000

é J. A. Hughes and J. L. Hershey

Ei United States Naval Observatory, Washington, D.C. 20390

B

; ABSTRACT

3

; An optical interferometer capable of tracking phase and measuring
fringe visibility has demonstrated the ability to measure the precise

& posizions of stars over large angles. This instrument has tracked phase

W over periods of many hours while switching sequentially among several

1 stars. The 3.1 meter separation of the siderostats has been measured to an

accuracy of 50 microns, indicating positional accuracies of three arc

seconds. The formal error of the least-squares solution for the baselines

- . o~

is of the order of a micron. The major limitations to accuracy were
thermal instabilities and unmonitored siderostat positions. With

improvements this technique should be caparle of astrometric accuracies

> ol el s il

exceeding one-hundredth of an arc second.

I. INTRODUCTION

Dl

Since Fizeau first pointed out the possibility of using
inter ferometers in astronomy in 1862 (Muller), astronomers have sought to

use interferometry to overcome the limits on optical resolution set by
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i Page 2

. Summary. The Mark III interferometer is an operational long baseline
: stellar interferometer on Mt. Wilson with four possible baseline
configurations from 9 meters NE-SW to 20 meters N-S. The
interferometer was designed to be a highly automated astronomical
instrument to measure stellar positions and diameters to a magnitude
limit of seven. Initial fringe observations were made in September
1986 with a 12-meter N-S baseline. In the following months,
semi-automated astrometric and stellar diameter measurements were also
made. This paper describes the hardware and software components of
the instrument and its operational characteristics.

e -

e

" The interferometer has several novel features. One is the use of
LY optimal estimation and control algorithms (e.g. Kalman filters) in

‘ the control loops. Another is the ability to operate both as a
closed-loop phased interferometer and eventually as an open-loop or

Ki absolute coherent interferometer. High thermal stability and

;ﬁ mechanical accuracy should permit the instrument to point blind at an
f< astronomical object and maintain optical path equality to within the

v limits set by the atmosphere. In this absolute interferometric mode

of operation, it should be possible to observe faint astronomical
objects that are too dim for phase tracking. In theory, measurements

J of amplitude, group delay, and closure phase will be possible to 14
mag.

Key words: stellar interferometry, astrometry, stellar diameters,
optical array, proper motion
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