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THE UNIVERSITY TELESCOPE AND OBSERVATORY

K. H. ELLIOTT and C. J. EYLES

Departrent of Space Research, University Square, The University of Birntingham, P. 0. Box 363, Birmingham, B15 2TT,

England.

Birmingham University operates a computer controlled 0.4 m telescope for teaching purposes. The telescope, s control
system and suite of instruments are described, Pointing accuracy of the telescope has been determined to be beter than 7

arg seconds rms.

1. INTRODUCTION

The University Observatory was established in 1982 primarily
o provide a facility for optical observations by students an the
Bhysics with Astrophysics undergraduate B.Sec. course. The
intention was to pravide a system which would allow siudents
o make efficient use of the limited occurrence of clear dark
skics, and for this reason the decision was made to use computer
control of the telescope pointing and tracking.

In many small observatories much time s wasted trving o
find the object of interest by comparing the view through the
telescope with that of a photograph or finder chart. The aim,
therefore, was to eliminate this by accurate pointing.

The observatory houses a conventional cquatorially mounted
0.4 m Mewtonian [Cassegrain telescope, both the motion of the
telescope and the dome being controlled by a PDP 11-34
COIMPULET.

Observations are made uwsing a variety of instruments
including prating spectrographs and a UBV photometer. Bach
years students also design and build their own instruments to
be used on the telescope. The telescope is used for Ind year
project wark, a 3rd year Obgervatory Laboratory and doring a
Ard year Group Study,

b THE BUILDING

The observatory consists of a two-storey building which houses
the telescope, control room, dark room and laboratory frest
ared. The telescope & supported by Morth and South concrete
piers which are independent of the rest of the building and are
tied at the first Aosr level. The decizion to have the telezcope
at first floor level was made to avoid thermal effects close to
the ground and for security reasons. The base of the dome &
a1 a height of 4.5 m above the ground making aceess diffieult
to vandals
The dome is an aluminised steel structure 4.3 m in diameier
Ash-Dome) which has elesirical opening and rotation. The
ome pogition is measured using a 9-bit optical encader which
is directly geared to the dome drive motor. The dome encoder
reads Uhe position with 2 resolution of 0.9 deg and the computer
positions the dome to an accuracy of about 1 degrees This &
adequate a5 the dome apertureis large (1.28 m) compared with
that of the telescope (0.4 m).

3, THE TELESCOPE

The bagic instrumeni — optics, mounting and worm wheel drive
— was purchased from Astronomical Equipment Lid. Luton,
Bedfordshire. The cnooding, drive and control system was
designed and built in the Unversity.

The mounting is an English cross-axis syswm with a counter-
balanced declingtion axis (see Fig. 1). Each axis 1s driven by a
worm and wheel arrangement. The worm wheel has 720 teeth
%0 thal one revolntion of the worm moves the telescope .05

deg on the sky. One cod of the worm is driven by a DC torquc
motor whilst a 15-bit optical encoder at the other end provides
a readout of the angular position, the least significant bit (L5B)
of the encoder corresponding to 0.5 arcsec. Since this encoder
only measures ihe position of the telescope within one revolution
of the worm (0.5 deg) il is necessary to find the coarse pasition
of the telescope to determine which revoletion of the fine
encoder is being read, To achieve Lhis, ¢ coarse resolution [11-
bit} encoder is coupled directly to the right ascension axis. In
the case of the declination axis the encoder s geared 1:1 10 the
axis as the end of this axis is not accessible. The coarse encoder

Fig 1. A peneral view of Lhe observatoey.
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Fiz. 1. Halley’s comet.

has a resolution {LSB) of 0.175 deg, which iz high enough to
onambiznously determine the revelution number of the fine
cncider. This combination of finc and coarse cncoders cnables
the pasitions of the axes to be read unambiguously wath a
resolotion of 0.0% arcsec, a resolution of this order being
required in order to permit satisfactory determination of the
velecity of the axes for the pointing control software (see
Section 5). The absolute accuracy of the readout is of course
significantly lower since it depends on the accuracy of the worm
end wheel a5 well as that of the fine encoder, and 13 ~ few
arcsec (see Section T).

4. OPTICS

The telescope is a classical Newionian ([5) or Casscgrain
(F20) systemn. The WNewtonian foces is only wsed for direct
photegraphy and has a field size of 61 x 41 arcmin when used
with & 33 mm camera. Figure 2 shows an unguided 2 min
exposure of Halley's comet token in 1985,

The 408 mm primary mirror is of Zerodur plage ceramic and
i Agured 1o 1,200h wave. The Cassagrain SVSIEm Wses a mator
driven secondary allowing a large movement of the focal planes
behind the perforated primary. Most instruments are used at
the Cassepram focns. The floor level was chosen so that for
mexst observing positions the instrument is accessible withouat
the meed for ladders.

Fig. 3. Telescope Conirel system block dingram.
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An intensified TV system is used for agquisition. It consists
of a Mullard XX15HITY image intensifier with a pain of
45000, optically coupled to a Hitachi Newwicom Camera. The
camera i3 placed behind the primary mirrer and can interccpt
the £20 focal plane by the insertion of 2 motor acluated plane
mirror. When the grating spectrogranph is wsed, the mirror s
driven out and the shit and reflected siar image can be viewsd
Vi an ul.'ll-l:ili:h‘}' mmirroc and r::-imng[ng lens. In this way a atar
can be guided on the spectrograph shit whilst taking a spectrum.
Under dark conditions the intensified camera can detect slirs
as faint as 15th magnitude without any integration.

N THE TELESCOPE CONTROL SYSTEM

Caontrol of the telescope 18 based on & POF 11-34 computer. A
block diagram of the overall control system appears in Fig. 3.

A radio ¢lock (European Electronic Syatems type RCO60C)
receives coded time signals transmitted by MSF Rugby on 60
kHz and provides UTC date and time with a resolution of 1 5
topether with 125 Hz square wave pulses in phase with UTC.
Thase are divided down to generate 25 Hz interrupts to the
computer which initiate the synchronous loop of the pointing
tontrol program. Each interrupt cycle the compuier reads the
positions of the coarse and fine encoders on each axis wa an
ifoport and 2 4-way maltiplexer, The fine and coarsc readings
are then combined to determine the position of cach axis and
by taking the difference between the new value for the position
and the value on the previous cyele the velocity is also derived.
The resolution of the position readout is such that estimates
for the velocity of the axes can be derived which are sufficienily
frae of quantization noise for pomting control loop stability.
By taking the diffcrence between the measured and desined
positions for cach axis an position error is determined and this,
together with the velocity information, is used to derive an 8-
bit value represanting the torque demand for each motor. These
values are writlen into output registers and a D 1o A converler
followed by a servo amplifier drives cach motor. On each eyele
of the synchronous loop the computer alsa reads the U'TC clock
vi another ifo register and 4-way multiplexer. The position
demand for the BA axis is thea updated so thai this axis 5
normally driven at the sidereal rate, A handset & interrogated
in each cycle and dependimg on which butioms are depressed
corrections may be made to the position demands fer cither
axis to provide motion at either the guide or set rates (see
Section 6,11, 1t is also possible to use the telescope to track
rapidly moving objects such as Earth satellites (sez Seclion
6.2).

After nnrnpln:ting erecution of the code in the synchronons
loop, control is then returned o the backpround task — the
asynchronous loop. The asynehronous loop provides communic-
atlon with the operator Via the VDU and provides averall
control of the mode of operation of the telescope (e.g. slewing
of now Larget, Lr.af.:k:ng, ete.). Depending of the option selected
{ses Seation 8) italeo performs tasks such as calculating position
demands from the mean place of an ohject and correcting the
position [or the effects of refraction i the atmosphere and for
the geometrical peinting parameters of the telescope. The
asynchronous loop also reads the optical encoder which meas-
ures the dome position and controls the dome maotor vz relays.

. TELESCOPE CONTROL FACILITIES

The interaclion between the observer and the control program
15 by a menu which is displayed on the YD, The followimg

oplions are available.

6.1 MNormal Memu Operation

l: Slew to zenith

The telescope 15 slewed to point to the zenith and
halted. This is the position in which the telescope is
normally parked when not in use.
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Fig. 4. Goometric pointing parameiers of the telescope.
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parameters [H and 1D which are the index errors
of the RA and Dec encoders, These values change

with time bhecausz of remperature effects in the
meshing of the worm and wheel. They can also be
uged to account for variows nominated optical axes
of differant insirements,

Enter (rail amplitude

It is wsual when obtaining slit specira of stars to
widen the spectra by moving the star along the slhit
at right angles 1o the diapcr.sim. This is achieved by
treiling the star by a triangular ramp in RA. This
option allows the amplt’rfmfﬁ of the trail o be set
up. A typical value is 23 arcsec which widens the
spoctrum to 1 mm.

End of observing session,

Other Tracking Modes

In addition to the normal slewing and sidereal tracking rates
the telescope can be driven in three olber modes.

k: Trailing - see option 8 above
Slew to access P Ditferential rates
In this case the telescope is driven to a position duc This provides a fizcd angular rate on the sky, inde-
south with the tel at an fixed elevation of pendent of RA and Dec. This rate iz specified in
about 10 deprees. This allows convenieni access radians per interrupt (135 Hz) relative to the sidereal
to the mirror covers and dust caps on the finder rate. The values are read from the paramcter file.
telescopes. This maode is wseful for tracking slowly moving non-

stellar objecis such as comets, asteroids, ec.
1: Enter new object
kE Satellite tracking mode

The observer is prompted for the mean place, ie
catalogue position, of the desired object m RA
and Dec and for the equinog of the position. The
apparent place 15 thencaleulated by applying correc-
tions [er precession, autation and aberration. Finally
corrections are made for refraction in the atmo-
sphere and for the six peometrical poinling parame-
ters of the telescope [Fiz. 4). The telescope is slewed
to the position and the object i then tracked at the
sidereal rate.

An interface is provided to allow a BRC microcon-
puter to continually change demanded offsets at the
25 He rete. This allows the tracking of & fast moving
object such asan Earthsatellite or l%'LeSpa-:eShuule

There are not enough inputs to the PDP to allow dedicated
switches to enable these extra facilities so that use s made of
the keyboard buffer of the VDU Toenable trailing, differential
tracking or BBC control of the 1ielescope the characters T D
or B arc cntered vig the keyboard.

In addition to polling the ‘guide” and “set” buttons at the
interrupt rate the computer also interrogates a “stop’ bution
which, when depressed, canses interrupts to be disabled thus
halting the telescope and dome and returning control to the
Fen.

4 Return fo last object

5 Chanpge guide and set rates

If we wish to make small changes to the demanded
position of the telescope ihese can be achieved by
pressing the ‘guide’ or ‘set’ buttons. These switches
are polbed by the computer in the 25 Hz synchronous
loop, Offsels are added w the position demands
depending on how long the awitch was closed and N
the value to which the corresponding rate has been
sel. [n the start-up part of the programe a parameter
file = read which contains the nooizal valees of 10
arcsee /sec and 100 arcsac/sec respectively for the
puide and sat rates. If these values are not snitable
they can be changed under option 3.

Fig. 3. Results of pointing iests,

e Search data file for next abject

The observer is prompied for a name of an object,

which can be any alphanumeric name of up to 10
characiers. A disk fileis then searched for the named E
object and the position is returned whereupon the
teleseape slews to and then tracks the ebject. The
coordinates of several hundred stars from t]he bright

slar caralogue are held on disk and are referred to

by name c.g. Alpha-Lyr.

—-20.0
6.8
ARCSEC

s Change offsets
This allows the operator to change the two peinting

1w
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(c)  Medium dispersion spectrograph (MDS)

The photometer is 2 commercial unit manufacturcd by EMI-
GENCOM which uses a very low dark count photomultiplier
and comes equipped with photon counting electronics which
we harve interfaced to a BBC mkrocompuier. This wocks
very well ndeed but is used infrequently for conventional
rlthmlf:'!rKnctry 25 stable photomelric conditions are ancommaon in
the UK.

The low dispersion spectrograph consists of ¢ blazed transm-
ission prating of 300 hnes/mm placed in the converging 20
beam. The dispersion is aliered by varying the separation of
the grating and the delcclor (at present a photographic emul-
ston). Very low resolution (R <2 300) spectra of stars and
objects of small angukar size can he oblained in very short
exposures with this device,

The medium dispersion spectrograph is a2 conventional
grating spectrograph with 2 novel feature. This is the use of a

Fig. 7. High Dispersion Spectirum of the star Zeta Ursa Majaris.

7. TELESCOPE POINTING ACCURACY

The six peometric pointing parametars (se2 Fig. 4) and a
number of fexure terms are determined by means of a poincing
test. This consists of dcmundiug the telescope o acg Ui @ SCTICS
af stars whose positions sre taken from a catalogue. Each star
is manunally centred in the feld of the main telescope and
the raw encoder positions (corresponding to Hour Angle and
Declination) and Sidereal Time are recorded. The raw positions
are compared with the apparent places {calculated from the
catalogue positions of the sitars) using a program called
TPOINT provided by P. T. Wallace. This program provides
astimates of the six geometrical parameters and other pointing
terms. The values thus determined are then manuvally entered
inmto a parameter file which is read by the pointing control
program each time it 12 mitiahsed. An analygis of 2 pomting
test 18 shown in Fig. 5 which indicates an rms pointing error of
6.8 arcsec — a rypical value. The values for the pointin
parameters are shown in Table 1. The only parameter whic
we consider (o be excessive is the non-perpendicularity of the
polar and declination axes, The value of 629 arcsecs is rather
large and if possible we propose adjusting the bearings.
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. INSTRUMENTATION

Apart from direct photography we have the following instru-
menki bon:

() U BV Starlight | Photometer { EMI-GENCOM)
(B} Low dispersion spectrograph [LDS)

1%

zoom kens in the camera (see Fig. 5). The refocussing lens has
a [ocal range of 30-230 mm allowing adjustment by a factor
of 5 in linear dispersion with 2 single reflection grating. Three
pratings are available {1200, 300 and 150 grooves /mm) giving
an overall range of reciprocal dispersions of 334,/ mm to 1280
A fmm. Figure 7 is a high dispersion spectrum (33A/mm] of
the star Fets UMa obtained with the MDS showing the
Hydrogen Balmer absorption lines in the stellar specirum and
on either side calibration lines of Zn, Cd and Hg. At present
the spectrograph uses photographic film as a detector and is
limited to relatively bright objects, but we have purchased a
CCD device which we expect to install oo the spectrograph in
due course.

g, CONCLUSIONS

Since it was commissioned in 1983 the telescope has operated
reliably apart from a cowple of relatively minor hardware
problems with the computer. The rms pointing error of 6.8
arcdec 1s regarded s very satisfactory. The pointing accuracy
15 at present limited by backlash in the gear drives but the
akility to poini awtomatically with a precision of about 10
arcses means that objects can be easily acquired even dunng
daytime when they may not be visible, In fact a recent student
project successfully observed infrared sources during daylight.

To date the observatory has only besn used for student
teaching, however we may in future use it for making observa-
tions of the oplical counterparts of X-ray sources. In order to
do this m the most efficient manner possible we are at present
looking into the feasibility of fully automating the operation of
the telescope — with automatic opening and closing of the dome
and an sutomatic data eoquisition system,
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