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Wide Field Imaging with the NOT

Deep CCD photometry of large, nearby
galaxies

A sample of interesting nearby spiral galaxies has been
studied with the new Stockholm focal reducer and the CCD
camera. The picture of NGC 4565 attachedisatypical mosaic
of three V band 15 minutes exposures covering a total of 15
arcminutes onthe sky. This way, fields large enough to cover
also ,blank” sky can be obtained. More than ten images with

the focal reducer are re-

. . ) quired.

Details on page 32

Active
Optics

Nordic astronomers are rather satis-
fied with the present image quality
_of the NOT. In the future, they may

ell be even more satisfied. The
STC has decided to support the in-
stallation on the NOT of an active optics system. After 1nsta11a-
tion of this system, the telescope should approach diffraction
limited performance in the visible. Work on the project is in full
progress. .

Report on page 21.
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HP Work Station

Niklas Holsti and Hannu Karttunen

The HP work station is ready for use
by staff as well as by visiting obser-
vers. So far, it has mostly been used
by members of staff. One problem
affecting the HP work station has
been the fact that due to heavy work
with the control system, the devel-
opment of the higher-level environ-
ment ofthe HP system has, necessar-
ily, had to be assigned a relatively
low priority. We hope that the situa-
tion will improve in the future.

The disk capacity has been doubled
to 1 Gigabyte. An HP Laserjet Il laser

“orinter is available for monochrome

output. Asto magnetictapes, we can
only handle 1600 bpi density. An

EXAbyte or an equivalent unit is
foreseen. See special article on this
issue.

The HP runs under Unix (HP-UX) and
has compilers for C, Fortran, and Pas-
cal. There is MIDAS for astronomical

" data analysis. It runs acceptably well

using X Windows and the colour dis-
play. At the same time, not all of its
parts are functioning ideally. To en-
large the selection of softw§re, it
may be of interest to ponder on ac-
quiring also IRAF and/or IDL, which
may be easier to install and maintain
than MIDAS. For those writing their
own programs, the Nag sub-routine
library will soon be available.

Editorial

Whether we like it or not, there are a
number of signs pointing to the fact
that our projectis approaching a new
phase. Infancy is giving way to ado-
lescence, baby hiccups to pimples.

A definite sign of project ageing is
the turn experienced by the discus-
sion of auxiliary instrumentation.

““Intilrecently, the great problem was

the shortage of such instruments.
Today, we are increasingly being
cautioned concerning a park of auxi-
liary instruments too large to be
maintained by our small operation
staff.

Small may not necessarily always be
beautiful but large may often be syn-
onymous to difficult. Thus, the caution
is adequate. But how are we to arrive
at a good compromise? Experience
tends to indicate that a majority of
astronomers can be convinced that
acquisition of new instruments has
to be accompanied by elimination of
some older counterparts. This should,
however, naturally and evidently, not
concernmy own favourite instrument,
so absolutely necessary for my beau-
tiful project. Individual priorities may

have to be sacrificed but mine are
absolute.

Another sign of project growth and,
at the same time, of the pressure for
observing time, is the way the com-
munity treats the observing time al-
location committee. The happy feel-
ing that things are moving, develop
into critical views on how movements

- are organized. Watching eyes are in-

valuable but so are people prepared
totake ontasks notalways rendering
complete popularity. Some reflections
on this subject are included in this
issue.

Naturally, we count as a further sign
of a certain maturity of our project
the fact that NORDITA has celebrated
an international Workshop on Astro-
physics with the Nordic Optical Tel-
escope. A large number of prominent
international specialists participated
and smashing papers dealt with a
variety of leading developments
concerning telescopes, instrumenta-
tion, data reduction and science.
Overcoming our modesty, we note
the many kind comments on our tel-
escope.

The Nordic Optical Telescope
(NOT) Scientific Association was
founded in 1984 to construct and
operate a Nordic telescope for
observations at optical and infra-
red wavelengths. Associates are
Statensnaturvidenskabelige Forsk-
ningsrédd, Denmark, Suomen Aka-
temia, Finland, Norges almenviten-
skaplige forskningsrad, Norway,
and Naturvetenskapliga forsk-
ningsradet, Sweden. Executive
bodies are the Council and the Di-
rectorate. Advice and assistance
is provided by an Observing Pro-
grammes Committee and Scienti-
fic-Technical Committee.

The Nordic Optical Telescope is a
2.56 m telescope with altazimuth
mounting and Cassegrain focus.
The primary mirror has a focalratio
of £/2.0, the combined optical
system a corresponding focal ratio
of £/11.0. The telescope is installed
at Cruz del Fraile, Observatorio del
Roquedelos Muchachos, LaPalma,
Islas Canarias. Geographical
longitude is 17° 52' 59.7" West,
geographical latitude 28°45' 20.5"
North, and altitude 2382 metres
above sea level.
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Interferometric Wavefront
Sensor for the NOT

Tapio Korhonen and Timo Lappalainen
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Introduction

A wavefront sensing system for the
NOT has been developed and it was
tested in the telescope at the end of
March 1991. The purpose of it is to
enable correct alignment of the optics
so that the optimal imaging quality
can be achieved. It also gives the
necessary information of the low
frequency aberrations of the optics,
which can then be corrected by
regulating the primary mirror support
forces.

Principles
The wavefront sensoris based onthe
interferometric modification of the
Hartmann optical testing method.
__This modified test has been developed
t the optical laboratory of Turku
University Observatoryin Tuorla, and
it has been used for optical testing
during manufacture of optics. Most
telescope wavefront sensors are
based on the Hartmann-Shack modi-
fication, where the Hartmann screen
has been replaced with a microlens
array. Thisreduces the detected spot
size and improves the light efficiency.
In the interferometric modification, a
Hartmann screen is used, but the
measurement is based on the detec-
tion of the interference spots pro-
duced by adjacent holes ofthe screen.

With the interferometric modification,
the spot size, as determined by the
diffraction, is about 2.5 times smaller
than with the Shack modification. It
is assumed that the number of the
sampling points is equal and that the
microlenses are optically perfect.
With both methods, the wavefront is

computed from the measurement of
the spot positions, and this can be
done more accurately if the spot size
is smaller.

Design and fabrication

The wavefront sensor attached to
the NOT adapter is seen in Figure 1.
It is opposite to the stand-by CCD
camera and the stellar light is reflec-
ted to it with a 45 degree flat mirror.
The mechanical design of the instru-
ment was made by Niels Christian
Jessen from the Nordic Telescope
Group. The main mechanical parts
were made by Per Nordahl at the
mechanical workshop of the Institute
of Theoretical Astrophysics in Oslo.
The optical design, the main optical
components, the integration of the
instrumentand the analyzing software
were made by the authors at Tuorla.

Detector and Hartmann screen
The detector of the instrument is a
thermoelectrically cooled Cryocam
Model 80D CCD, having 512x480
pixels of 15 micron size. An AT PC is
used for the system control and for
thereductions. The Hartmann screen
included in the instrument has in
total 792 holes. Theinterference spots
produced are less than 1 arc sec in
diameter (FWHM). The deviceincludes
a pinhole point light source for
calibrating the wavefront errors pro-
duced by the instrument itself.

Software

Thereduction software was originally
developed for optical testing during
manufacturing of optics at Tuorla
laboratory. It comprises a least
squares fit with Zernike polynomials
corresponding to wavefront aberra-
tions of decentering coma, spherical
aberration, astigmatism, triangular
coma and quadratic astigmatism.

Tests of the NOT

Three nights from 22 March to 256
March were allocated foroptical tests
of the NOT, but only two of them
were useful. During the first night,
tests were made at different zenith

distances to get an impression of the
functioning of the support system of
the primary mirror and of the stability
of the alignment of the mirrors. Dur-
ing the second night, the alignment
ofthe mirrors was corrected toreduce
the decentering coma and a number
of measurements were made for a
more detailed analysis.

Performance

This was the first time that the
wavefront sensor system was used
for testing telescope optics in obser-
vatory conditions, but it functioned
without problems from the begin-
ning. It turned out that the measur-
ingaccuracy wasmorethantwotimes
better than in the laboratory tests of
the NOT primary. In those tests, pho-
tographic detection was used. Now,
the average mean error of the tele-
scope wavefront measurements was

_typically 10 nm, which corresponds

to5nmonthe mirror surface. Atypical
integration time was 60 sec. The
measuring accuracy with the calibra-
tion light source was even two times

Figure 1: Interferometric wavefront
sensor.






