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The “Horsshead nebuta’ Is a well-known object, just south of the celestial equator in the consteliation Orion (R.A. = 05"
39™: Deet. = -2°27'). This photo was obtained with the ESO 3.6-m telescope In the prime focus, on January 20. 1977. It is
here reproduced as a negative, i.e. as the original plate l0oks like. The "'Horsehead" is a dark cloud of obscuring matter
which is located in front of 8 gaseous emission nebula. The circular field measures 17 arcminutes across, The exposure
lasted 60 minules ang the emuision/fiiter %mb;‘naflon was 103a-E + GG495, The seeing was medium: 2", Plate no.. 239;
observer: Dr. S. Laustisen. A : .



PROFILE OF A VISITOR'S PROGRAMME:

M-type Dwarf Stars and the “Missing-Mass’’ Problem

Dr. P. S. Thé from the Astronomical Institute of the University of Amsterdam is a frequent visitor on La Silla,
where he often uses the ESO 1-m telescope for measurements of very faint, red (cool) stars. His research pro-
gramme is intimately connected with one of the greatest enigmas of modern astronomy: there appears to be
more mass in the space surrounding the solar system than we actually observe. Whether this “missing mass”
is present in the form of black holes, low-luminosity stars or interstellar material, or whether the theoretical
considerations that predict the existence of the'‘missing mass’somehow are wrong, no one knows for sure.
But to solve the problem, more accurate observations are needed. Dr. Thé outlines recent research in this

field and informs about his programme:

In 1965, the Dutch astronomer J. H. Oort noticed that
some mass is missing in the solar neighbourhood. He
announced that the mass density of all known objects near
the Sun, including interstellar material, is less than what
one can derive semi-theoretically from the movements of
nearby stars. This deficiency in mass density (i.e. "‘missing
mass’'}is about 0.05 Me/pc® (solar masses per cubic par-
sec). As simple as this discovery seems to be, yet up till now
this problem has troubled the minds of many astronomers.

Search for the “Missing Mass”

S. Kumar was ong of the first to suggest that there is plenty
of mass hidden in what he called “‘black” dwarfs. The num-
ber of these tiny degenerated stars (masses between 0.02
to 0.07 Me) in space is probably very large, but they are too
faint to be found easily. Recently, Peter van de Kamp has
shown that all unseen companions of normal stars contri-
bute enough mass to solve the missing-mass problem. The
weakness of these statistical conciusions lies in the fact
that they are based on a small number of stars.

Work based on large numbers of stars by W. Luyten
(1968) shows that there is no high space density of red stars
of small mass. In fact the luminosity function (relative
number of stars with a given absolute magnitude) of these
red stars of low luminosity reach a maximum around Ms =
15m5, and drops again for fainter luminosities. The ques-
tion is whether this effect is real, or if the decrease of the
luminosity function is simply caused by incompleteness of
the data; faint stars are generally much more difficult to
discover and observe than bright ones.

With this in mind, Donna Weistrop (1972) made an ambi-
tious study of the luminosity function (based on 13,820
stars) in the direction of the North Galactic Pole. The space
density she derived for faint red stars was much higher
than that of Luyten. Her findings were soon supported by
the results of Murray and Sanduleak. The density of 0.23
stars/pc® found by these astronomers was about four times
higher than that of Luyten, and was quite enough to explain
the missing-mass problem. It therefore appeared as if this
problem was completely solved.

North-South Discrepancy

However, towards the South Galactic Pole several astron-
omers obtained different results. Derek Jones, W. Gliese,
and Thé and Staller found space densities which corre-
spond closely to those of Luyten: about 0.06 stars/pc3. This
North-South discrepancy is a very serious problem, and
the above-mentioned astronomers are often blamed for
using incomplete material to obtain their results. The fol-
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lowing questions arise: Is the distribution of stars above
and below the galactic plane not symmetric? Is the sun not
situated in the galactic plane, but to the south of it?

Another serious probiem introduced by Murray and
Sanduleak is that of the dispersion of the velocities of the
M-type dwarfs. They found that their stars not only have
small proper motions (<0 : 2/year), butalso that the disper-
sion of the velocities of these stars is about half of that of
normal M dwarfs. The latter are known to be old population
Il objects. The assumption that the low-velocity M dwarfs
are also old objects contradicts with Spitzer-Schwarz-
schild's mechanism for the creation of velocity disper-
sions. Have we then to assume that they are young? Staller
explains this problem by the assumption that the low-velo-
city stars are stars of very low mass, in accordance with the
suggestion of Kumar. A rough calculation then shows that
these low-mass stars are indeed young objects. If Staller’'s
assumption is correct, then the velocity-dispersion prob-
lem is solved.

Theoretically there are more problems in connection
with the low-velocity M dwarfs. But this will not be dis-
cussed, because recently more observations show that the
results by Weistrop as well as by Murray and Sanduleak
are erroneous. It turns out that these results are very much
influenced by systematic errors in the determination of the
colour indices of the red M dwarfs, in such a way that the
distances of these stars are estimated too small and that
therefore the obtained densities are too high. If these sys-
tematic errors are removed, the space densities drop to
values similar to those of Luyten

With these important corrections it is now clear that the
supposed high space density of M dwarfs is spurious.
However, that means that we now are back to the old prob-
lem of the “'missing mass’'.

Observations at ESO

Using the ESO facilities at La Silla, we have for many years
pursued our study atthe Amsterdam Astronomical Institute
of very faint red stars (down to magnitude 20 in V) in the di-
rection of the South Galactic Pole. By studying such faint,
red stars we hope to obtain a better knowledge of the fainter
end of the luminosity function. This again will result in a
better understanding of the past history, the birth-rate, and
the evolution of these very interesting red stars. It is evident
that for reaching the above-mentioned magnitude limit we
need a comparatively large telescope, a sensitive and sta-
ble photoelectric photometer and equipment for electro-
nographic photometry. There is no doubt that the new ESO
3.6-m telescope will become an important tool for this kind
of astronomical research.
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A part of the mask for the CORAVEL instrument, here shown in negative. Each line corresponds to a line in the spectrum of a late-type
(cold) star. More than 3,000 lines were drawn by a computer programme operating the ESO S-3000 measuring machine in Geneva in a
play-back mode. The mask is enlarged several times in this figure.

The CORAVEL

The measurement of radial velocities, i.e. the velocity
in the direction of the line of sight, is of fundamental
importance in stellar as well as in galaxy astronomy.
Until the 1960s the only possible method was to ob-
tain a spectrum on a photographic plate and then
measure the displacement of the spectral lines.
These observations were extremely time-consuming
for faint objects. With the advent of image-intensify-
ing devices, the observing time was drastically re-
duced, but so was—unfortunately—the accuracy of
the measurement, due to geometric distortions in the
image tubes. Now, however, the situation has im-
proved very much indeed, as explains Dr. M. Mayor
of the Geneva Observatory, who, together with se-
veral European colleagues, is building a spectrome-
ter to determine stellar radial velocities by a correla-
tion method.

The Marseille and Geneva observatories (A. Baranne,
M. Mayor and J. L. Poncet) are working together to build
two spectrophotometers for stellar radial velocities. Test-
ing of the first machine has been completed. But before
giving the results of these tests it could be useful to review
the principles of operation of these “‘spectrovelocimeters”.

In the last ten years, the field of stellar radial velocities
has been enriched by a new method whose efficacity and
precision for late spectral type stars is exceptional. The de-
velopment of this method and the proof of its reliability are
due to R. Griffin at Cambridge. He has been able to mea-
sure the radial velocity of a 14th B-magnitude star to within
1 km/s in only 4 minutes at Palomar!

The Doppler shift measurement is done by means of an
optical cross-correlation between the stellar spectrum and
a mask located in the focal plane of the spectrograph. This
mask is designed to stop photons coming from the stellar
continuum and is transparent in the regions of the absorp-
tion lines. The spectrum is scanned across the mask and
the point of minimum light transmission is located. CORA-
VEL, which is designed to work at the Cassegrain focus, is
a fairly compact apparatus with a collimator focal length of
only 60 cm. Nevertheless, its echelle grating which is used
between the 43rd and 62nd orders gives a mean dispersion
of about 2 A/mm over the 1500 A spectral range. The total
light transmitted by the mask is measured by a photomul-
tiplier. Rapid scanning at about 4 Hz is used to eliminate
atmospheric scintillation effects and the correlation func-
tion is built up on-line by integration in the memory of the

HP 2100 computer. The zero point of the radial velocities is
determined by means of a hollow cathode iron lamp which
illuminates the entry slit at the beginning and end of each
measurement. The reduction of the Earth’s motion is im-
mediately done at the end of the measurement.

The mask used in CORAVEL is derived from the spec-
trum of Arcturus and consists of about 3,000 holes distribu-
ted over the 20 orders of the echelle grating. The useful
zone of the mask is approximatively 13 x 70 mm. The cali-
bration of the focal surface and the drawing of the work
was done using the OPTRONICS two-coordinate micro-
photometer of the ESO Sky Atlas Laboratory. A small modi-
fication of the microphotometer allows it to be used in
play-back mode to make a negative on a high-resolution
photographic plate. A negative copy of this plate gives us
the mask which in fact is a glass plate coated with chrome.

Measurements of the sky light from the laboratory permit
a partial test of the mask. The correlation dip for the Sun is
characterized by a 15 km/s width at half depth. The daily
variation of the solar radial velocity (0.3 km/s at Geneva) is
easily measured with a scatter of + 0.1 km/s for the indivi-
dual measurements. Tests on stars other than the Sun are
planned during the next few weeks and will be the subject
of another report.

An observation period at La Silla is planned after some
months of observing in the northern hemisphere.

Of Apolios and Trojans

It is often seen in science that more is learned from abnor-
mal (*‘pathological”) cases than from the normal ones. This
is certainly true in astronomy too.

The title of this note should not confuse the reader. We
do not attempt to discuss the mentality or health of ancient
Greek gods and warriors, but rather to summarize some
new information pertaining to these two “‘families” of mi-
nor planets which has recently become available from ob-
servations with ESO telescopes. They represent extremes
in the asteroid worlid: the Apollo planets are those which
come closest to the Earth; the Trojans are more distant
than any other known minor planets.

1976 WA

Comparatively few Apollo asteroids are known to date. The
most famous, (1566) Icarus, comes within 28 million kilo-
metres from the Sun, in a very elongated orbit that also car-
riesitacross the Earth’'s orbit. The interest in these rare ob-
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jects has recently increased considerably after the discov-
ery of not less than four new Apollos within a span of only
11 months. Two were discovered late in 1975 at the Palo-
mar Observatory (1976 AA and 1976 YA), the third in Octo-
ber 1976, also at Palomar (1976 UA, cf. THE MESSENGER
No. 7, p. 5) and the fourth, 1976 WA, was the first one found
by the ESO Schmidt telescope for which a reliable orbit
was also established.

1976 WA is another by-product of the ESO (B) Survey of
the Southern Sky. It was discovered by Dr. H.-E. Schuster
on a 60-min plate taken for this survey on November 19,
1976 as an unusually long trail. Further plates were ob-
tained on the following nights, and after accurate positions
had been measured, Dr. B. Marsden was able to calculate
the orbit on December 6. Observations by Dr. E. Roemer
with the 229-cm telescope of the Steward Observatory, si-
tuated at Kitt Peak, improved the orbit, and it was found
that this new Apollo-type planet passed only 20 million ki-
lometres from the Earth on October 3.

From its apparent magnitude, the size of 1976 WA is
estimated to be 1-1.5 km. Its orbit is extremely elongated
(the fourth most elongated known!) and it moves between
124 million and 598 million kilometres from the Sun, i.e. go-
ing well beyond the orbit of Mars while almost touching
that of Venus.

1976 UQ and 1976 UW

Some weeks before the discovery of 1976 WA, a small ob-
servational programme was carried out with the ESO
Schmidt telescope, the aim of which was to search syste-
matically for new Apollo asteroids. This programme was
proposed by Dr. L. Kohoutek of the Hamburg Observatory,
who may be more known for the comets he has discovered
than for the many minor planets he also has to his credit.

Dr. Kohoutek reasoned that, in order to increase the
chance of discovering Apollo objects in the vicinity of the
Earth’s orbit, one must look along this orbit. Other con-
siderations show that the chances are even better if one
looks slightly inside the Earth’s orbit, at about 80° elonga-
tion from the Sun. This is shown in the figure.

Schmidt plates were taken in this direction towards the
end of October by Dr. R. M. West, assisted by Guido Pizar-
ro. The weather could have been better, but six plates were
obtained during a period of ten nights. The plates were
“blinked’ (intercompared in a special machine that allows
the operator to see first one plate and then another, so that
the image of any moving object will appear to jump back
and forth when switching from one plate to the other) and
the positions of twenty-seven minor planets that were seen
on the plates could thereafter be measured on the ESO
$-3000 measuring machine in Geneva.

This material was transmitted to Dr. Marsden at the
Smithsonian Observatory in Cambridge on November 12,
and by hard work he was able to calculate preliminary or-
bits for all 27 objects within a few days. Checking with al-
ready known asteroids, he found that two of the planets
were identical with (1069) Planckia and (1881) Shao, but
that the other twenty-five were all new discoveries.

With a time span of only ten days, these orbits could of
course not be very precise, and some were somewhat inde-
terminate. But one conclusion could be drawn: there were
no new Apollo-type asteroids among the twenty-five! How-
ever, to some surprise, two of the new asteroids turned out
to be new Trojans, at distances of close to 750 million kilo-
metres from the Earth. A strange paradox: you look for the
close and you find the distant.

On the basis of Dr. Marsden’s orbits, the ephemerides
(expected positions) were computed and the most interest-
ing asteroids could be refound and observed until the end
of January 1977. It has now teen contiimed that none ¢.e
Apollos, and that 1976 UQ and 1976 UW may definitely be
added to the small list of minor planets, carrying the names
of hero-warriors and other persons involved in the siege of
Troy. It even turns out that 1976 UQ has the highest known
orbital inclination among Trojans, 39°, which also happens
to be the fifth highest inclination among all (2,000 or so)
minor planets with well-known orbits.

Like the other Trojans, the two new planets are bound to
follow orbits that are determined by the combined gravita-
tional field of the Sun and Jupiter. The orbital periods are
close to that of Jupiter, approximately 12 years.

SUN

EARTH's ORBY

MARS’ ORBIT

1976 UQ +

JUPITERYS ORBIT

1976 UW +

Geometry of the ESO “Apollo” programme, end of October. The field of the Schmidt plates has been indicated (5°5) as well as the posi-
tions of twenty-one new minor planets for which the distance from the Earth could be computed. The two new Trojan planets, 1976 UQ
and 1976 UW, are close to the orbit of Jupiter. Note how the asteroids cluster at particular distances.
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X-ray Sources in Cluster of Galaxies

Dr. R. Havlen (ESO staff astronomer in Chiis) and Dr. H. Quintana (formar ESO fellow in Genava, now with
-NRAO, Charlottesville, Virginia, USA) recently undertook a thorough study of the southern X-ray cluster of
galaxies CA0340- 538. Eversince salellites with sensitive X-rey detectors first showed the presence of strong
X-ray sources near the centres of rich clusters of galaxies, astronomars have bean asking: why and how?
Some even think that high-energy astrophysics has never had as fascinating a subject for study as the central
regions of X-ray clusters. Here, as in any other field of astronomy, observations are of paramount importance.,

Drs. Havilen and Quintana Introduce the new field and explain their programme:

The general concepts and questions concerning clusters
ol galaxies were discussed in the September 1976 issue
(No. 8) by Or. Jurgan Materne, Here, we wani lo summarize
one aspeci of clusiers of galaxies, i.e. the X-ray emission by
some of them, and briefly describe one interesting example
being studied at ESO.

Rich clusters of galaxies. typically containing up to thou-
sands of members, arc oiten observed as powerful amitters
of X-rays by the various satellites now devoted to X-ray
astronomy. Some olher extragalaciic objects are also ob-
served in X-rays. Some Q80s, Seyfert galaxies ang other
active objects are detected, bu! all of them appear 1o be
compact and sometimes variable. Cluster X-ray sources
have an appreciable size, being one or two milliun light-
years in diameier. 1 i5 conjeciured that the X-ray radiation
in these sources is nothing else but the thermal radiation of
a very hot. ternnuous gas (at a temperature of 2 hundred mil-
lion degrees) that would {ill the inner regions of the clus-

.
L]
-
.- -' i
o = - - »
. e .
- 5 .
g N
» | .
y - 1
rl - L *
3 .
.
L} A. - L
' -
~ =
+
. - 3 a
. L} Y =
. v .
-

ters, being invisible on photographic plates. Il is an open
quesiion at this time as to what would te the origin of such
a gas, Would it be the remnant ol the primordial, unpro-
cessed, materiat of the Universe, i.e. a mixture ol hydrogen
and hellum only? Or would il be material coming out of the
galaxies themselves or some combination ol these iwo
possibilities 7

Since the mass present in gas is nol bigger than the mass
{n the galaxies, none of the above possibilities is excluded
a priori. If this question is answered, there remains the
problem of what is the heating mechanism in operation.
The possible detection of iron lines in the X-ray spactrum
of the Perseus cluster very recenlly by the Ariel satellite
would indicale the presence of material originating in the
galaxies, if confirmed. At least parl of the gas would have
been procussed in stars that producc the metals.

Due {o the limited sensitlvily of the detectors in X-ray sa-
tellites, only one or two dozen cluster sources have been
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Ceantrs! region of the cluster CA 0340 - 538. Deep /llg-J plate takan In the prime locus of the 4-metre telescope pi the Cerro Tololo inter-
american Obsarvatory by Dr. J. Grahaem. Note the three gient elliptical gelaxias.



detecled. It is imponan( to identify Ihese saurces to study
the oplical clusters in detail. In 1358, George Abell com-
plled a catalogue of all Lhe rich clusters (Jown 10 a ceiiain
maunitude) \hat appear on the Palomar Sky Survey, 1.e. in
lhe northern hemisphere to o = —20°. Ttus list has heiped
asironomers 1o identity X-ray clusters in {hat area of 1he
sky. butiathe soulh this tesk has been cather slow. With the
FSO/SRC sky survey in progress, today the job is easied.

Plate collections of the soulhern skies were searchad (or
X-ray clusier identifications. One of them was the praper-
motion pfate collection ol ihe University ot Chile taken with
the Maksutov camera a2f Cerro El Roble befween 1968 and
1973. On posilionzl agreemant (sometimes rather poor be-
cause the X-ray error boxes wera blg) some identifications
were suggesied basas on Lhis malerial and the 3 UHURU
catalogue ol X-ray sources (Jorae Melnick and Herman
Quinlana. Astraphysical Journal 198, L 87, 1975},

The Ariel 5 salellite has recenlly confirmed one ol lhe
suggested interpretalions (J. P, Pye 2nd B. A Cooke:
Monthly Notices 177,21 P, 1976). The source 3U 0328 - 52
l:es within an aree of 18 square degrees that includes lhree
rich cluslers of galaxies, bu( one ol lhem appears as the
likely source berause ol morphological reasons. The

Spectroscopic Observations
in the ESO/Uppsala Lists

Inthe Jun« 1876 1ssue of THE MESSENGER (No. 5. p. S). we
reported on the joinf ESO/Uppsala programme. lhe aim of
which s 10 establish a catalogue of conspicuous objecls
on the ESO (B) plates. Sinc: thal time qood progress hes
been made and aboul 300 lields (o7 half of the ESO (B} At~
laz) have now becn sgarched. Approximately 9,000 objects
have baen lisled: jusl recently, Ihe fourth ESO/Uppsala list
was published in Ih- Astronomy & Astrophysics Supple-
moent Serles (Holmberg ot al., 27, 295).

sourci: detecled by Ariet S has a much more precis:: posi-
tion and coincides wllh (he proposed clusier: CA
0340-538. This fairly sphencal cluster contains many
hundceds of galaxies, mosily ellipiicals concentrated 1o-
wards the centre. and has {hree giant ellipticals which
show exiended halos, Previous examples of such galaxies
in clusiers appear isolated or in pairs (see photo of (he
clusler).

A progrimme was slarted al ESO to study this inferesting
clusier. Radial velocilies have been determined for a num-
berof galaxies using the 152-cm (etscope. In this way a ve-
focity dispersion can be estimated. A photomelric study s
in progress, comprising both pholoeleciric photometry
and measures of direct plates using the PDS densitometer
a1 lhe Nicu Observalory. Also, a sludy of the morphology
gnd dislribulion of thu various galaxy types ihroughout the
clusler is being carried out from plales taken with the ESO
Schmidt telescope al La Sdla. All thiz inlormation. when
combined with Ing X-ray dala, is expected 10 reslrict the
lypes ol models thai can be constructed 1o explain the osi-
gin of 1he Intraclusier gas and its heating mechanism. Be-
cause the snswer will bear on the evolulionary bislory of
ihe clusiers and theéir larmalion, one hopes to approach a
soluvtion 10 \he problem of the "missing mass'

of Galaxies

There is no doubt that many southern asironomers have
already made eflicien] use of these lisis a3 a basis for |hair
observing programmes. It 1he southernmost fields. more
than 70 % of Lhe listed objacls are new, Mosl are galaxies
and a large number of potentially “interesting” ones (inter-
acung. petuliar, elc.) gare iound in the lists.

In order 10 exploit oplimally 1his exiremely “rich” mate-
rlal, a syslemallc approach is desirable. |n addition to
American astronomers at the Cerro Tololo interamerican

Interacting system ESO 122-1G01/1G02. On this photo, obtalned with the ESO 3.6-melrs talescope on Novamber 24, 1977. 6na may
cleorly see a "bridge” connecling (he larger galaxy (1G01) with tha smeller (1G02). The sysiem resembies ta some exlent the much
brighter M5! system. The distence 1s ahout 45 Mp¢c end bolh componants show amlission lines. (Plate 110. 90 min expogura, 1ila-J +

GG 385: observer Dr. H.-E. Schuster.)
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ESO 148-1G02. A npw galaxy of Seylert class 2. The measurod ve-
locity is Vo 13,270 km/s; My 225, Largest diameter 76 kpc
(with Hgy 55 km/s/Mpc). Note the wispy “arms™ axtanding
from Ihe pucleus. ESO Schmidt telsscope, 60 min, lla-O -
GG 385.

Observalory and British/Australlan asironomers a) Slding
Spring. astronomersin the ESO membar countries are now
beginning to observe the ESO/Uppsata objecls. This note
describes the progress in anotlher joint ESO/Uppsala
“spin-off” project: the spectroscopic investigation of pe-
culiar and interacling galaxies from the mentloned lisis.

Two teams of astronomers from Uppsals (Drs. Bergvalt,
Ekman. Lauberts snd Westerlund) and ESO (Drs. Breysa-
cher. Muller. Schuster and West) have made spectroscopic
and photometric observalions of more than 130 gal-
axies during the past twelve months. The basic observing
1ist was estavlished in Uppsala. by Lauberts and Wesler-
lund, andincludes several hundred galaxies. most of which
are apparenily abnormal in some way (distoried. retatively
bright nucleus. interacting with neighbouring galaxy. etc.).
The aim of the ESO/Uppsala astronomers is to obtain phy-
sical information about these peculiar galaxies, in particu-
lar to measure the radial velocities and to discover the sys-
lems with strong emission lines. Galaxies that turn oul 1o
be especially interesting (Seyforts. e(c.) may then later be
{urther investigated with a Jarge telescope in arder ta ob-
taln a tuller aslrophysical understanding ol the processes
going on in their inleriors,

Specira have been laken with the ESO 1.5-metre tele-
scope on La Sllla and the ESO Boller & Chivens image-tube
specirograph with z dispersion of 254 A/mm (spectral re-
@0n 35005500 A). These spectra show clearly the Hand K
hines in absorplion tor mgst galaxies, and quite often also a
sirong G-band at 4300 A, For Lhe galaxles wilh émission
Jines, (he 3727 A(O 1), the 5007 A and 4859 A (O i), and the
hydrogen lines (H3, Hy,_), arce withln (he abserved speclral
ragion. Many specira were also abtained with tha Carne-
gie image-lube speclrograph altached to the 1-m Las
Campanas \elescope. The nacessary observiag lime was
kindly made available by |he Carnegie Instilulian of Wash-
ington ang the Director of {he Las Campanas Observalo-
ry, Or. H. Babcock. These specira were of a simllar disper-
sion, 284 A/mm, but cover a somewhal broader part of the
spectrum (3600-7500 A). Whanever amission is prasent,
ihe line 216562 A, and frequently the |S 11) and (N lf lines in
the red as well. A higher dispearsion (135 A/mm) was used
for a number of galaxies wilh sirong eémisgion lines.

o
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£SO 184-1G6S5. A supergiant galsxy with 3 very bright nuclays and
(w0 0pposito arms, Largas! dismeter (lrom tp to 1ip) 100 kpe, Vg -
18,500 km/s. On tho origing! ESO Schmid( plstea. ihe West arm (10
the righl) may ba traced ler 10 tha Nanh. Indicating 8n avaen largers
size of (his galexy. ESO Schmidt 1slescope, 60 min. 11a-0O
GG 3868,

Alarge numbey of the objecls in the ESO/Uppsala observ-
ing list have 1urned oul 10 be of greal aslrophysicalinterest.
Among the 150 liral cbserved, aboul 50 % showed emls-
sion lings. and aboul thirly very slrong lines. Many had
broad lines, and aboul ten may be classilied as of Seylent
class 2. Of 1he observed galaxy pairs, mos! hag similar ve-
locity. In several groups of galsxies, all componenis have
ernission lines. Anumber of supergiant galaxies {Giamefers
around 100 kpc) were found. The illustralions show some
of these cases.

In order o estimale the absolule magnituges, UBV pho-
tometry was carried out wilh the ESO 1-m photoeleciric te-
lescope. So far, more than forly galaxies have been ob-
served, and observing time has been made available for the
ESO/Uppsala team in period 19 (April-September 1377).
Some of the emission-line galaxies are rather bright. with
Mv -~ 23”'

The observations continue and the astronomers in-
volved have—naturally—decided that the results shall be
made available (0 all interested parties as soon as possible
alter the observing runs. Sevsral papers have already been
published (Astron. & Astrophys. 46 (327). 53 (435), A8A
Suppl. Ser. 27 (73)yand more are in preparation. Those who
wanl to learn the latest stalus of the project should write to
elther Dr. A. Lauberts, Uppsala Observatory, Uppsals.
Sweden, or Dr. R. West. ESO, c/o CERN, CH-1211 Geneva
23. Switzerland.

All thase involved in this project are looking forward 10
Ihe day when tha ESO 3.6-m telescope wlll be available
with a spectrum scanner for furher studies of the “best™
galaxies. The ESO/Uppsala programme is a classical illus-
tration of practical astronomical research: discovery of the
objects with a wide-angle photographic instrument (the
ESO 1-metre Sehmidl telescope). preliminary spectrosco-

"pic investigation lor further sefection, and finally the de-

lailed sludy with a large, power{ul telescope. At the same
time, thera are signs that several other astranomers in the
£SO member countries are becoming interested in similar,
exlragatactic programmes and wilf soon make paralle)
conlribations to the study of our exciting Universe.



Fast Photometry
M. J. Disney

A photon carries only four separate pieces of information:
adirection, an energy, a polarization and atime of arrival in
our detector. Of these four the easiest to measure is the
last, and yet accurate timing has been, for reasons good
and bad, sadly neglected. Nowadays, with relatively simple
equipment, it is possible to do photometry with much
higher timing precision than astronomers have generally
used before. Nature so often provides surprises for those
willing and able to push measurement into a new domain,
that on grounds of principle alone fast photometry de-
serves much more of our attention.

Itis a task of theory to stimulate experiment and yet, as in
the case of rapid time-scale phenomena in astrophysics, it
often acts in the contrary sense. It has been argued that
since 1, the dynamic_al time-scale for gravitationally domi-
nated bodies ~ (Gp) * thent (star) ~ 1 hour and t {galaxy)
~ 107 years, so that measurements on a time-scale of less
than t are a waste of time: probably this has something to
do with neglect of the subject in the past.

Dr. M. Disney of the Royal Greenwich Observa-
tory is currently visiting the ESO Scientific Group
in Geneva. He has worked in Europe, the USA and
Australia on a variety of problems in galactic and
extragalactic astronomy. He is a codiscoverer of
the only optical pulsar known, that in the Crab
nebula. He is, however, together with his col-
leagues at the Anglo-Australian 3.9-metre tele-
scope, in hot pursuit of other optical pulsars, and
one may hope that it will not be long before more

may be added to the list.

The 5-minute oscillations in the Sun were discovered
only recently, while the rapid optical fluctuations in N gal-
axies, pulsars, BL Lacs and X-ray sources have been
forced on our attention by observations made in non-
optical regions of the spectrum. It is time we started to
make systematic surveys of similar and related phenom-
ena for ourselves.

The apparatus required can be as simple or as complex
as one can afford. The basic requirements, besides the
photometer, are an accumulator, a clock and an output de-
vice. Thanks to Planck the photons arrive in a handily digi-
tized form (the important number to remember is that a0™
star provides 1,000 photons sec™' ¢cm™2 A~" band-pass in
the visual at the Earth's surface), so the accumulator can
be a fast counter which, at a signal from the clock, dis-
charges its output onto a paper-type which can later be
analysed. Amuch faster system can be constructed around
a commercial stereo tape-recorder: the individual photo-
electron pulses are amplified and recorded on one channel
while timing pulses from the clock are recorded on the
other. The data can afterwards be transformed to digital
form, using a phase-locked loop or electronic flywheel to
guard againstdropping the odd timing pulse. The system is
limited by the band-pass of the tape-recorder, and a better
if more expensive approach is to write directly, or via a
scaler, onto digital magnetic tape.

Whenever a minicomputer is available in the dome, a
much more flexible real-time system can be built. If perio-
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dicvariations are suspected, the signal can either be folded
at some predetermined frequency (as in the case of radio-
pulsars of known period) or analysed for periodicity using a
Fast Fourier Transform algorithm. Such a system was used
(Fig. 1) to discover the first optical pulsar, NP 0532 in the
Crab, with the 36" at Steward Observatory (Cocke, Disney
and Taylor, Nature, 221, 525, 1969). As minicomputers are
becoming common user instruments in most domes, thisis
a system with a good deal of appeal.

For high-precision measurements, such as the search
for very faint pulsars, where it is necessary to maintain
timing accuracy of a millisecond or so over hours or even
days, the clock needs a highly stable oscillator, and it may
even be necessary to adjust it frequently by reference to
one of the specially broadcast radio signals such as WWB.
The adjustments that have to be made for Doppler effects
due to the Earth’s orbital und diurnal motion can be effect-
ed quite easily with the computer. The sensitivity of the
system to poor photometric conditions can be radically
reduced if a two-channel photometer is used with one
channel on the programme star and the other monitoring
some convenient star close by in the field.

As you might expect, there are pitfalls. Negative results
are worthless unless the system has a demonstrated per-
formance on known sources such as the Crab puisar or DQ
Her. Conversely, it is easy to pick up false signals from TV
stations, ground loops and other sources of interference.
And there are subtler effects. Strong pulsations were once
detected from the nucleus of the Andromeda galaxy. Ex-
citement was damped when it was afterwards found that
the period corresponded exactly to one of the cogwheel
periods in the telescope drive train. However, with a little
care beforehand and a little caution afterwards most of
those difficulties are overcome.

The real challenge in this subject, as in all observational
astronomy, is not so much how to look but where to look.
With so many possibilities open | hesitate to even suggest a
strategy. Given sufficient time on a small telescope (= 20
cm) a random browse through the Yale catalogue might
prove very rewarding. Such a project might appeal to the
well-equipped amateur or the small professional observa-
tory.

I J ]

] l
0 15-62
ms

31-26

Fig. 1. — The light-curve of the Crab pulsar as first seen in 1969. A
minicomputer attached to a 36" telescope was used to fold the
photon pulses in real time at the radio period of 33 milliseconds.
Observers could watch the pulse appearing out of the noise on a
cathode ray tube.
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Fig. 2. — The rapid flickering of the dwarf nova U Gem as measured by Warner and Nather. The flickering comes from asmall spot where
accreted material from a companion falls onto a white dwarf. Note that flickering stops during the eclipse.

For the professional who must justify his observing re-
quests on larger telescopes with at least some probability
of success, one can pick four or five promising lines:

{(a) Extragalactic pulsars: Radio pulses are smeared out or
dispersed by electrons along the line of sight. This dis-
persion makes detection at great distances increasing-
ly difficult and it may be impossible to find extragalac-
tic pulsars in the radio without a prior knowledge of the
period. Optical pulses are not dispersed and a survey of
extragalactic supernovae might result in success. Pre-
vious observations suggest that a pulsar’s optical lu-
minosity falls off with a very high power (£ 8) of the pe-
riod, and hence with the age. Young pulsars could
therefore be very l[uminous and detectable out to tens
of megaparsecs with a large telescope. The supernova
envelopes will probably remain optically thick for some
months after the explosion, so a guesstimate is neces-
sary of the optimum time to search. The real goal is to
measure the intergalactic electron density along the
line of sight for, with a knowledge of the optical period,
radio astronomers should then be able to detect the
pulsar and measure its dispersion.

Stellar black holes present an interesting challenge.

Their time-scale 1 ~ GM/c® ~ milliseconds. A 1-metre

telescope should detect ~ 400 photons/millisecond

from a possible 10™ black hole, so the detection of the
irregular fast flickering that should be a signature of

these objects is possible. X-ray binaries like Cyg X-1

are a good place to start.

(c) If experience with Uhuru is anything to go by, the large
expansion of X-ray astronomy which the HEOs will
bring in the next years should provide a rich harvest for
the fast photometrist. The accretion of gas onto dege-
nerate stars (1 ~ 10 to 107% sec) and black holes (107 to
1074 sec) implies short-time-scale phenomena, and of
course many sources, like the X-ray pulsar Her X-1,
have proved to be equally active in the optical.

(d) Cataclysmic variables (novae) clearly display the ac-
cretion processes thought to be responsible for the X-
ray binaries. In a beautiful series of observations (see
Fig.2) Warner and his colleagues (Sky & Telescope, 43,
82, 1972) have unlocked many of the secrets of these
systems, but much remains to be done.

(e) The fastest variations in the extraordinary objects in
the nuclei of galaxies, BL Lacs and QSOs place very
strong constraints on the physical processes involved
(Elliot & Shapiro, 1974, Ap. J., 192, L3). The faster the
variation the smaller the object. For a given size, virtu-
ally any model will have an upper luminosity limit, and
by comparing prediction with observation, many mo-

z

dels can be eliminated. In the case of BL Lacs, varia-
tions of a few per cent in times of minutes have been
reported and there are tantalizing but unconfirmed
hints that very fast (10 sec) 50 per cent bursts may oc-
cur. Of ali the suggested modeis, only a black hole
could accommodate these bursts.

Fast photometry has a short but interesting history and a
very exciting future. For a modest cost, say $25,000, a
transportable real-time system can be built to use with te-
lescopes both large and small, and itis to be hoped that Eu-
ropean astronometry will play an active role in these de-
velopments.

STAFF MOVEMENTS

Since the last issue of THE MESSENGER, the following staff
movements have taken place:

ARRIVALS

Munich
None

Geneva
Marie Héléne Ulrich, French, astronomer

Chile

None
DEPARTURES

Munich

None

Geneva

Susanne Negre, German, administrative assistant

Chile

Marcel Moortgat, Belgian, technical assistant (mech.)
TRANSFERS

André Muller, Dutch, senior astronomer (from Munich to La
Silla)

FELLOWS AND PAID ASSOCIATES

The following astronomers have taken up or will soon take up work
as fellows or paid associates at the Scientific Group in Geneva:
Tenguiz Borchkhadze, Russian {Dec. 1, 1976-May 31, 1977)
Jan Lub, Dutch (from Jan. 1, 1977)
Per Olof Lindblad, Swedish (from Jan. 1, 1977)
Michel Disney, British (Jan. 15-April 15, 1977)
Jorge Melnick, Chilean (from March 1, 1977)
Sandro D'Odorico, ltalian {(March 15-May 15, 1977)
Piero Salinari, Italian (from April 1, 1977)




Observations at La Silla of Peculiar Emission-Line
Objects with Infrared Excesses

Jean-Pierre Swings

HD 45677 may be considered Ihe prototype lor these pecu-
liar emfssion-lin¢ slars thal are now called Ble|'s. i.e. Be
stars whose speclra exhlbit lorbidden lines as well as per-
mitted ines of H, Fe Il.... HD 45677 has the following coor-
dinates:u = 6"26"andb --13° I(is lhereforsigeally local-
ed to be observed [rom La Silla during the summer or garly
fallin the soulherc hemisphere. In other words at epochs
when (he wealher is perfecl. | should piobably micntion
here that oul of the 57 nights that were allocatad to me by
ESO and by CARSO (len nighis at Las Campanas) belween
1972 and 1978, only ihree could no! be vsed lor speclros-
copy: Ihat corresponds 1o a 95 @ . record!

Dr. J.-P. Swings of the Institut d'Astrophysique ol
the Liége Universlty studies those rare stars that
have emission lines. From an impressive series of
observations, carried out in the period 1972-76,
imporiant new information has been obtained
about the behaviour of dust-shrouded stars. The
combination of optical spectroscopy and infrared
photomeltry has allowed a better understanding of
the physical processes in these very peculiar ob-
jects.

In order 10 illustrate whal is meant by ““infrared excess’',
£19. 1 reproduces the encrgy distribulion o HD 45677 in the
visible and near infrared. For 3 normal B star Lhe energy
should go roughly lo zero bsyond § or 2 microns: on the
conlrary one clearly sees thal in [he case shown in Fig. |
there is a remarkablé rise ol the energy curve in the near IR,
with a maximum somewhere around 5 p. [113 now balievad
that such 2 strong infrared excess Is 1o be explained by the
presence in the circumsiellar environment of salid parli-
cles (therefore the expression ‘dust shell”) which absorb
the uliraviolet and visible radiations and degrade them to
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HD 45877 Wavalength is ploitad logarnhmically on the abscissa,
and llux Inearly on the ordinste: on such a greph the area under e
sogment of the curve represents the energy radisted in thal wave-
length Infervet. An 800°K body. shifted by 107’ Wem | is shown
lor comparison.
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infrared wavelengihs. In the case of Lhe prototype HD
45677 one then gets an empirical simple-minded physical
modclwhere a dustshell ol aradius of aboul 30 astronomi-
cal unils. ophically thick at 5n. surrounds \he B(e] star and
ils exiended atmosphere. ring (see Fig. 2). and forbidden

HD 45677 Fell [Fe 1) fre 11}
4233.17 42L3.98 4244.81
(V~85) -
. -

bkl b ]

Flg. 2. —1In the spdctrum of RD 46677 the Fe il emission line
).4233.17 A is double with no central absorption, whercos tha
[Fa 1) amlsslons (W 4243.98 and 4244.81 A) ar8 single (ESO plate,
1.52-m coud$ specirograph, camera i, le. orlginal dispersion
3 Azmm obiained during @ 3-night exposure In Feb. 1972). The au-
thar has suggested that the Fa )l amissions are produced in g ro-
ating aquatarlgl disk (or ring) surrounding HD 45677, A similar
doubling of tha Fe Il lines was discovered In the spectrum of an-
othes southorn hemisphere star with 1R excess: GG Caringe.

line regions. Of course HD 45877 may be regarded asan ox-
Ireme examplc of Ble] s1ars. pachaps even as "an objectin-
\ermadiale between an ordinacy Be star and a planslary
nebulz” using the words of P. Merrlitin 1852, This possible

Block Bodv\
1ol {*u)
800
*»M2.9
E- N 000 « MWC 300
; HQZ..K]L. H0L5677
¥ 200
=9
3 o o a7 Car
= 1500 ' 1HD51585 4 -—sz 2-3¢
10T GG Core™ "HOB76L3
« BDI90073
Free-
Free
Coot
Slars
0.0 - ‘r :
o 2.0 30
Ki2.2p)-L(3.5p

FlQ. 3. — The neer 1A colours ol a lew pecullar amission-line ob-
jacls obsarvable on La Siiia are ploted an an H-K/K-L diagrem.
Tamparalures of idealized dust sholls are marked sfong & "'black
body” Nne. The Jocatlons of normat cool starss 8nd o! §ters whose
IR conlinuom Is due o free-free emission sra indicated for compa-
rison.
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Fig. 4.— The spectrum ol RX Puppis trom 6300 (0 8600 A obrained

with the Boller and Chivans spectrograph 81 the 1-m 1eigscope
(80 A mm™'),

conneclion belween evolved Be's and young planectary ne-
bulae (ca8s me 10 inlroduce an inferesling colour-colour
diagram on which one may plot I1he position of emission-
line s1ars with IR excesses: Ihe H{1.8n) —K (2.2 u} versus
K — L (3.5 ) diagram. On such a diagram (see Fig. 3) one
sees immedialely that the colours of a variely ol objects
(observable from La Silla) are similar: v Carinae, the well-
known nova-like. M 2-9, the “"Bunterfly nebula™. dense pla-
netaries such as He 2-104, Bje] slars like HD 87643 or GG
Carinae, an ex-symbiofic star, RX Puppis (Fig. 4). Itis inter-
esling lo note that the specira of most of 1hoge cbjecis re-
veal 1ow excitation emission lines of ¢.g. [O 1], [$ II}. and
[Fe N). as pointed ouy by Dr. David Alten and (he author.

The study of the spectra of the peguliar emission-ling ob-
jecis ol the southeca hemisphere is perlormed on La Sillg
wilh 'he use of (he coudé specirograph of the 1.52-m tele-
scope ang of the Boller and Chivens image-tube speciro-
grph atihe 1-mtelescopr il covers the wavslengthrregion
between the near UV to about 8600 A. The reduction of the
data is ofien a collaboratlve veature dbetween mysell and
colleagues in Liége such as Miss M_Kiutzand Or. J. Surde;,
who s now wilh £SO in Ghilc, or students wriling a disser-
tation lor their master’s degree.

The aims of ihese investigalions are {1) the detaciion of
low excitation emission lines In the spectra of those {alnt
abjecls for which near infrared pholomelry has revealed
¥CEsS cantinuum radiation (lollowing the correlation
menlioned above), (2) the sludy of the emission-line inten-
sities in order 10 derive physical parameiers concerning
the extended almospheres of the B[ e] s(ars o5 gense plane-
(acies, (3) the moniloring of line-prolile variations such as
changes from night to night or during the course ol 1he

Hy

nightinthe Balmerlines in HD 45677 and RX Puppis (Fig. 4)
or from one observing run 10 (he other in the Fe Il (ines of
GG Carlnae that glve an idea of whal happens in the ex-
lendead atmosphere around the stars. (4) the study ol P
Cygni protiles in e¢.g. BD 87643 or CD —52°9243 (Fig. 5) tha\
should lead to an undersianding of how the mass 10ss o¢-
curs in these slars, (5) Ihe structure of emission lines such
asFe llin HD 45677 (Fig. 2) or [O 1) in HD 51585 (Fig 6)that
givé us some indicalion about the structure and possible
helerogeneities in the atmospheres of these slars: in the
case ol HD 190073 the observation of the evolution ol the
Ca It complex line profiles can be interpreted {n 1erms of
resonance scatiering phenomena.

Hel Hel
HB 49219 5015.7

I (O (OM) Fell
49230 49588 50068 50184

Fig. 6. — The spacirum of HO 51585 in the region of HE and (O 111
AL 4959 and 5007 A (coudé spactrogram, origing! dispersion 20
mm™'). The two [0 NI} emisslons are clearly double, while Ha | and
Fe¢ l lines are singla

It is therafore clear (hal for peculiar emission-hine ob-
jects of our galaxythere exisl many interesling praoblems to
belacklad on Ihe basis of dala gathered. or 10 be gathered.
al lhe ESO telescopes. The next sieps wlll of course con-
tain the sludy of peculiar emission-line galaxies with IR ex-
cesses as well asthe exiension of the observalions ol Ble)'s
and planelaries 10 The near infrareg once a spectrograph
designed for this speclral region (8000-12000 A) will be-
come availatle.

The author is mosi indrbted to ESO since he work very
brielly descrlbed here could nol have buen possible
wilhoulihe generous allotment of time on the elescopes at
La Silla nor without the help of the stalf in Chile, in Ihe offi-
cés, i 1he (abs. in the domes and ... in the kitchen)

it

Interstellar 4584
Absorption Fe O
A 4430

I I
4924 5018
Fe O Fe

I519.5. - Strang P Cygni protites in the specirum of CO =52"9247 (originsl disperslon 40 A mm™"; Raller and Chivens spectrograph, 1-m

tolescope).
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The Sculptor Dwarf Irregular Galaxy and a Large Extraga-
lactic Gas Cloud Detected with the Nancay Radiotelescope

D. Cesarsky, E. Falgarone and J. Lequeux

(Dépariement de Radioasironomie. Observatloire de Meudon)

On the cover of the December 1976 issue of THE MESSEN-
GER was reproduced one of the first photos taken with the
new ESO 3.6-m ielescope: it represenied a dwart irregular
galaxy in the southern constellation Sculpior. This galaxy
was named SDIC by Drs. Laustsen, Richter, van der Lans.
West and Wilson who reported about its oplical properties
inAstronomy & Astrophysics 54, p. 639 (January 1977). The
Messenger phologiaph clearly shows resolved blue su-
pergiani stars, which allowed the ESO astronomers to
estimate the: distance of SDIG at about 3 megaparsecs, or 8
million light-years.

On December 1, soon after we heard about this dis-
covery. we looked al the galaxy wilh the Nangay radiolele-
scope in the 21-¢cm tine ol atomic hydrogen (the radiolele-
scope can reach declinations as far south as =37°). SDIG
was seen at the very first run, with a radial velocily of 220

km/s with respect to the local standard of rest. This radial
velocity is just in the range of the velocities of the Sculptor
group of gataxles, thus confirming the membership ol
8DIG to this group and the distance found oplically. From
our observation, we ¢an estimate the mass of hydrogen in
this galaxy, which is of the order of 10’ times ithe mass ol
lhe Sun. However, the absoluie luminosily of SDIG is only
3 x 10°% times the Juminosity of the Sun. Therelore SDIG
must be very rich in gas, probably one of the richest gal-
axies known today. Other dwarl Irregular galaxies usualty
contain proportionally about 3 to 5 imes less gas. il seoms
that star formation has only Jusi begun in SDIG, or at least
(hat we observe a recent major bursi of star formation with
littla star formation before

Bul we were even more surprised when we saw thal
the 21-cm specirum showed not only the line emiited by

AN EXTREMELY RED STAR

Compare the two photos above. They are both taken with
the ESO Schmidt telescope. the left on December 24, 1876
(1a-0 + GG 385, 30 min) and the right on December 23
(103a-D = GG 485, 40 min). These emulsion/filter combi-
nations mean thal the lefl photo records only blue/violet
light and the right yellow/green, or standard colours B and
V. respectively. The star in the cenlre is approximalely 4-5
magnitudes brighter in V than in B, i.e. (B=V) ": 4-5™ The
position is R. A.= 07"21" 08 ; Decl. = ~20°59 /2 (1950). The
star is seen on the Palomar Atlas; il does not appear to be
variable, and it is even brighter in the red.
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Few such red stars are aciually known. In a racent lisi
(Astronomy & Astrophysics Supplement Series 27, 249),
two German astronomers, Drs. Weinberger and Poulakos
from the Max Planck institute in Heidelberg, give the coor-
dinates of fifieen stars with (B=V) " 4™, all of which are far
north of the celeslial equator. Some of their stars are car-
bon siars, but others could not be classified.

Why is this star so red? Is il reddened by interstellar ab-
sorplion, or is It jusl very red because of sirong molecular
bands In its spectrum? Has it emission lines?

We expect 1o observe the spectrum of this strange objecl
early in March and to inform the readers of THE MESSEN-
GER aboul the resull in the next issue.



SDIG, but another one somewhat stronger, at a velocity
of + 100 km/s with respect to the local standard of rest.
Further observations have shown that this line comes from
a large hydrogen cloud, about 1° in extent, which is in the
direction of SDIG but not concentric with the galaxy. We
think that this cloud is extragalactic and presumably also
belongs to the Sculptor group of galaxies, but this will be
hard to prove definitively. In any case, its radial velocity
proves that it does not belong to the Mageilanic Stream.
Radioastronomers had already discovered around the ma-
jor galaxies of this group, NGC 55 and NGC 300, several
such clouds obviously associated with them. Is the new
cloud associated with SDIG? We do not know.

The only chance to check this point would be to find
some stars possibly formed from the gas of the cloud and
to determine the distance of those stars. We have not yet
completely mapped the cloud. A provisional estimate of its
mass gives some 3 x 10% times the mass of the Sun, if the
distance is that of the Sculptor group. It seems that we are
dealing with a rather massive intergalactic cloud which
might be sitting there since the early times of the Universe
and has not yet had the opportunity of condensing into
stars. There are very few of these objects known today.

This study shows the interest of concerted optical and
radio observations. These observations allowed us to find

not only a galaxy where only a small amount of gas has
been used up to make stars, but also a large mass of gas,
where apparently star formation has not yet begun.

60 160 260 km/s

radial velocity

21-cm spectrum of SDIG obtained with the Nangay Radiotele-
scope. At the higher radial velocity, one sees the hydrogen line
emitted by SDIG. The line at the lower radial velocities is emitted
by an isolated, probably extragalactic, hydrogen cloud which ex-
tends over one degree. The radial velocities are relative to the local
standard of rest.

Visiting Astronomers
April 1—October 1, 1977

Observing time has now been allocated for period 19 (April 1 to Oc-
tober 1, 1977). As usual, the demand for telescope time was much
greater than the time actually available.

The following list gives the names of the visiting astronomers, by
telescope and in chronologicai order. The complete list, with da-
tes, equipment and programme titles, is available from ESO/Mu-
nich.

152-cm Spectrographic Telescope

April:  Megessier, Hultqvist, Oyen, Breysacher/Muller/Schuster/
West, Schnur, Andersen.

May:  Andersen/Nordstrom, Ahlin, van Dessel, Wamsteker,
de Loore, Breysacher/Chu-Kit, Surdej.

June: Gahm, Pedersen, Pakull, Westeriund, Ratier, Terzan,
Mauder.

July: Mauder, Ahlin, van den Heuvel/van Paradijs, Materne,

Appenzeller/Mundt/Wolf, Houziaux, Rahe.

August: Rahe, Lauterborn, Breysacher/Muller/Schuster/West,
Bergvall/Ekman/Lauberts/Westerlund, Surdej, Ahlin,
Doazan.

Doazan, Collin-Souffrin, Heidmann, Wamsteker, Metz/
Po6llitsch, Ahlin, Spite.

Sept.:

100-cm Photometric Telescope

April:  Turon, Wamsteker/Schober, Danks/Shaver, Martel, Vogt,
Knoechel.

May: Knoechel, Querci, de Loore, Schnur, Vogt, Pedersen.

June: Pedersen, Pakull, Breysacher/Muller/Schuster/West,
Westerlund/WIlérick, Alcaino, Wamsteker.

July: Wamsteker, Mauder, van den Heuvel/van Paradijs, Brey-

sacher/Muller/Schuster/West, Schmidt-Kaler, Wam-

steker, Stenhoim.

August: Stenholm, Bergvall/Ekman/Lauberts/Westerlund, van
Woerden/Danks, Schultz.

Schultz, Wamsteker/Schober, Adam, Metz/Pdllitsch,
Wamsteker, Wamsteker/Schober.

Sept.:

50-cm Photometric Telescope

April:  Megessier, Geyer/Vogt, Lodén, Vogt.

May: Lodén, Knoechel, de Loore, Surdej, Wramdemark.
June: Wramdemark, Gahm, Pakull, Vogt, Elst.

July:  Elst, Vogt/Maitzen, Rahe.

August: Rahe, Vogt, Lauterborn, Surdej, Wamsteker/Schober,
Doazan.

Sept.: Doazan, Weiss, Spite, Wamsteker/Schober.

Objective Prism Astrograph (GPO)

April

to Sept: Blaauw/West, Muller/Schuster/Surdej/West.
60-cm Bochum Telescope

July: Pettersson, Appenzeller/Mundt/Wolf.
August: Pettersson, Reiss, Schober.

Sept.:  Schober.

50-cm Danish Telescope

June:
July:

Loibl, Sterken.
Sterken, Heck, Renson.

Tentative Meeting Schedule

The following dates and locations have been reserved for
meetings of the ESO Council and Committees:

March 2 Finance Committee, Garching

April 22 Committee of Council, Garching

May 9/10  Joint meeting of Scientific Policy Committee and
Instrumentation Committee, Munich

May 12 Council, Munich

May 23-25 Observing Programmes Committee, Kiel
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3.6-m Telescope Cassegrain Adapter on La Silla

While this Issue of THE MESSENGER goss to press. the Cassegrain adapter Is being installed on the ESO 3.6-m telescope.
Soon alter, the oplical lests (or the Cassagrain facus will commence, and If ali goas well, Ihe lirst astronomical observa-

tlons may be made soma waeks latar,

Whatwill il be like lo observe in the Cassegrain cage? We have siready assured (he fulura visltors thet thay will be lirmly
atltached (see THE MESSENGER No. 6, p. 15). This arlicle adds 1o the picture by descrlbing in some deatall the so-called
“Cassegrain Adapter’. on which all auxiiisry instruments to be used in this focus will be mounted. The reader wilf undoub-
ladly notice that the text is somewhal mora technical then usual in this journal. However, we hoave el that it Is of impor-
tance 1o those astronomars who are alreedy now planning 1o use the ESO maln Islescope to be Informed aboul this gdap-

ter as early as possible.

The authors, ESO engineers Sten Milner end Manired Zisbell, work in Genava. They have followed the adapter from the

earliest design stage (o the final (65!s.

While the year 1976 was characlerized by she (inal consleuclior.
oracilon and flrsi operallon of Uw 3.6-m (elescope, [ was also the
year of manyfacture, assembly. machanleal, eloclronic and optical
lests of the Casseqrain inslrument adaptec {or the same lelescope.

The provisional 1ests made al ESO. Geneva, showad satisiactory
performance and Iho adaptaer was shipped 1o La Silla on January
20.1977. The mounhng of 1the adapléer ontd Lhe lelescope started
on February 22. 1977,

The adapier shown i F . Y is Ihe mechanical Inlerface between
ihe lelescope and the dillerent instruments tobe used In the Caase-
grain focus. it comains 1he oplical pans and the mechanical fa-
cihties required for direcl and remole obsarving ot the qusallty and
focussing of the canirefield, and tor the specicometer slit and the
guwding of 1he lelascopso. The adapter will be mounted directly
onlo I1he rear slde of the main mirror cell inside tha Cassegrein
¢0ge, and the conlrolalectros :swill be ingtallad in one of the four
cubicles inside the cage. The adapler will be controlled oitherby &
conlirol panel Insida the cage arremoiely by 1he 3.6-m 1elascope
conlrol computer

The optlcat palth and component localion are shown In Fig. 2.

Forremote 0bsarving, one (elavislon cameraisinsighed [orcen-
Iirelieid viewing and a second ane lor gulde star observation. The
cenlralielg camera uses an EBS (Elacironic Bombarded Silicon
Targal) lubawilh an Image Intansifier infront ol 1he tube. The input
wingow has 9 diameter ol 40 mm. Far large-lleld viewlng. the
Imaqe aof 2 star with a “secing™ of 1” wlll cover 2 )nas end for
small-Nald viewing 16 llnas. The aslimaled limil of sensitivily for
farge viewing wil} be In (he order ol (ha {71h mpgnilude on the

INSTRUMENT AOAPTER ON TEST
BENCH. — (7) rotator, (2) edeplar housing. (3] raduction plate,
(4} cable gulde. (5) TV camera for cantreliald obsarvation, (6) 1ISIT
camara for guiding, (7) test bench, (8) spéctrograph.

Fiy, 1. CASSEGRAIN
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3.6-m1elescope. To raise the sensilivily of the centrelield. Lhis ca-
mera will be replaced by anolhar one wilh (acilities for integi alion
both on iha target ang in 3 diqltal memory.

For guide-s1ar chservation, a fess expensive ielevision camera
wlih an ISIT -{Intensltied Silicon Intensilier Targsl} lube is used.
The esiimaled sensilivily wlli be of Lhe order of lhe 16th magnitude
with aresoluilon o1 4.5 ines perarc sec. To begin with, guiding will
be carric:d ovt manvally using (he handsel. Later on, this TV sys-
tem will be replaced by an aulomatic quider.

Adapter Deslign

The pdapler i3 divided o 4 machanical sub-groups. They are;
Rotator, Houslng. Reduction plale and the Cable guide.

The rolator 15 2 (arge peecision roller bearing on which 1he
adapler housing 1s bolled. The begring Is provided wilh internal
gear leoth and is diroctly bolted onlo tha relerance plate on the
tear side ol (he muysor coll (Lis lurned by 3 parallel driven AC mo-
105 up (0 X182 from the Soulh Slrection. The roration is limi(ed by
eleclrical and mochanical slops. To elimineia the backlash in the
gear and any unconlrolled moyion during 1he leloscoprt move-
ment, 3 spechal scuence o molor conlrol s vsed. The angular
posltion Is reard by an absolute nncoder wilh 2 resolulion ol 0°047.

2
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Fig. 2: SCHEMATIC OF OPTICAL PATHS AND COMPONENT LO-
CATION. -(1)sgapter housing, (2) TV cemaors lor cen(rafiala ob-
servaiion. (3) I1SIT camera lor guiding. (4) oys-places, (5) X-Y als-
placemeant table, (6) gulds probe with locus-reducer-- 90
prism — cross-helr — ¢olilmator lens — pisns AS°-inclined mirror,
(7) centreflgld mirror, (8) slit viewing unit. (9) turret for lield lon-
§6s- cross-halr and knile edge, (10) turrgl for glass thickness
compensstlon, (11) Illter turret for TV camera, (12) {litor turret lor
ISIT camara, (13) small-$laid objectlve. (14) large-lield objeclive.
(15) plane mirror on pivol for sye-place or TV obsorvation.



£19. 3: ADAPTER HOUSING WITH REMOVED AREDUGTION PLATE. — (1) adsptar housing. {2) TV camera for centrefield observetlon, (3)
1S1T camera lor quiding, (4) eye-piaces, (5) X-Y displacement table with gulde probe. (8) gulds probe, (7) centrelield mirror actusior. (8)
SN viewing unit actualor, (9) lurret or tiald 1onses — cross-halr and knile adge. (10) turret for glass thickness compansation. (17) cabie
guids, (12)(ilter turrat for ISIT cormers, [13) carriage for small and large-tiald objectlves, (14) star-simuletion device lor calibration ot the

adapter.

The accuracy of Iha posliloning will be 1710 of a degree. The bot-
1om Iace ol lhe bearing is 1he connectlon llange for 1he adapter
housing.

Yhe housing conlalns Ihe oplical components and related ac-
10ating mechanisms as shown ia Fig. 3 1t Is a welded cylindrical
alael siruciure with a plain base plate and 4 strangthening ribs as-
suring suificient stifiness 10 the siruclure. resulling In less than
S um distoriion of any relarence surfaces ol the optical compoaent
actuating machanlsm, when the housing fs tilied from 0 1o 45'

The (ower llange 6nd is cannecied either 10 a large nsirument,
such a5 an echelle spacicoqraph, or 1o 1he raduction plate catrying
the smaller instruments such as a specirograph. photomater or
camera. The X-Y displacemant lable posilions 1he guide probeé
within (he area of (308 x 149) mm? of ihe image field, 305 mm from
tha (ocal plane. As the adapler can be lurned | 182° tho compleld
fietd can be scannad by Ihe gulde probe. The X-Y displacement (8-
bles are gulded In pretoaded Nnear hizrings and driven via “'play-
free™ satellile roller scraws by maans of iachometer DC gear mo-
1015, The posilions o8 1he 18bies ara given by ratating Incremental
oplical encoders localad on the ond ol (he roller screws, The zeco
position (Initialization) is given by 8 mlcroswiteh al 1he end of the
stroke and Ihe first zero pulse ol the encoder. The reproducibilily
ol the zero posilion is 4.2 pm. Wilhln the scanning area tha resolu-
tlon for the guide-proba posillon s 1.4 um, Ihe reproducibility will
ba 5.6 nm and the tolal accuracy is batter than ¢ 20 pm, deflecilon
Included. Tha tima to move 1he guide proba across Lhe fleld is 30
sec in X (308 mm) and 15 sec in I1ha Y dicecllan (149 mm). The ca-
bles for molors. swilches and cross-halr illumination ara collecled
in 3 cabls guide on 1he side of tha X displacemsnt bed. Whan ihe
adapter is controlled in @ manual mode. [rom ihe contiol pane) In-
slde the Cassegraln cage. only the spead conlrol fecdback loop vie
the tachogenerator is closed and 2 speeds. fast and slow, aro fore-
seen. The posilion (gadback 10op 18 Closad vis computer control.

When (he guide probe reschas itls commandad position. the: speed
Is regulaled down by compuler via » 12 bit D/A converler.

Two Ideniical aclualors supporl and position the cenirefiald
mirror and slit viewing units In tha ficld with a reprogucibllity of
10 pm. The time for displacement (205 mm) irom "out” to ~in”’
positionis15sec.The actualor conslists ol aramguided by (wo recir-
culalng (Inear bearings engaged In \wo oppasing 90" graovas in
Ihe ram. The ram Is moved by a scrow nul syslam driven by 3 OC
motor. The "In"" and “oul” pasitlons of tha ram are detined by lwa
mechanleal stop plates at the end ol the stroke and 1hese posllioas
arpingicalad by microswltches. The drive motor 1s controlled by a
powyr ampltier which has. In additlon o the negatlve vallage
feadback. a positlve current lecrback loop 1o giva a nagative im-
pedanca oulpdl characierisiic. This is B substilule (or tachomeler
f_eedback because ol less severe requlrements 107 speod slablliza-
lion. I funclions tn the (ollowing way: when he frictlon (orque
rlses, the motor spaed wlli Iry to go down. The loss ol “back-EMF ™

New CERN/ESO Telephone Number

As from Maich 18, 1977 CERN's general telephone number wil)
change rom 419811 (o 836131,

ILwill Then also be possible for peopie telephoning from out-
slde CERN 10 dial the ESO extensions directly, by composing 83
totlowed by 1he presanl inlamal numbesr. For example:

Sclentilic Group: (022) 835080

Engingering Group: (022) 834692

Instrumentalion Development Group: {022): 834831

Sky Atlas Laborsiary: {022) 83 4834

Geneva Administralive Grouvp: {022) 8348238
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ESQ; the European Southern Obser-
vatory, was created in 1962 to...estab-
lish and operate an astronomical ob-
servatory in the southern hemisphere,
equipped with powerful instruments,
with the aim of furthering and organiz-
ing collaboration in astronomy .. . itis
supported by six countries: Belgium,
Denmark, France, the Federal Repub-
lic of Germany, the Netherlands and
Sweden, It now operates the La Sllla
observatory in the Atacama desert,
600 km north of Santiago de Chile,
at 2,400 m altitude, where nine tele-
scopes with apertures up to 3.6 m are
presently in operation. The astronomi-
cal observations on La Silla are carried
out by visiting astronomers—mainly
from the member countries—and, to
some extent, by ESO staff astrono-
mers, often Iin collaboration with the
former,

The ESO Headquarters in Europe will
be located in Garching, near Munich,
where in 1979 all European activities
will be centralized. The Office of the
Director-General (mainly the ESO
Administration) is already in Garching,
whereas the Scientific-Technical
Group is still in Geneva, at CERN (Eu-
ropean Organization for Nuclear Re-
search), which since 1970 has been
the host Organization of ESO's 3.6-m
Telescope Project Division.

ESO has about 120 international staff
members in Europe and Chile and
about 150 local statft members in San-
tiago and on La Sllla. In addition, there
are a number of fellows and scientific
associates.

The ESO MESSENGER is published in
English four times a year: in March,
June, September and December. It is
distributed free to ESO employeesand
others Interested in astronomy.

The text of any article may be reprinted
if credit is given to ESO. Coples of
most lllustrations are avallable to edi-
tors without charge.

Editor; Richard M. West
Technical editor: Kurt Kjar

EUROPEAN

SOUTHERN OBSERVATORY
SchleiBheimer StraBe 17
D-8046 Garching b. Minchen
Fed. Rep. of Germany

Tel. (0B9) 3204041-45

Telex 05215915 eso d

Printed by Universitatsdruckerei
Dr. C. Wolf & Sohn
HeidemannstraBe 166

8000 Miinchen 45

Fed. Rep. of Germany
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will Increase the motor currenl and. be-
cause of the positive current feedback. the
amplifier will raise the output vollage 1o
stabilize the motor spged. Al the "in" posi-
tion of both actualors, Lthe imlt swilches are
bypassed by a resistor. This drives the ram
with reduced torque againsl the mechani-
cal end slopslo increase tha reproducibifity
(=10 ). An lnlerlock system insures 1hal
only one of 1he unils (slit viewing. centre-
liefg@ mirror or gulde probe) can be moved
into the centre of the lield at a \ime.

The lurrel (or the cross-hair, knite edge
and (he large and small lield lansas, posi-
tions the lirst lwo elements with a reprodu-
cibility of 10 um in the focal plane. The
posilion of the whecl is sssured by a
spring-loaded precision lever, engaging a
“play-free’ ball-bearingin 4 slols on \he pe-
riphery of the lurret. The lime o change
Irom one element to tha next is 3 sec. Two
microswitches serve (or posttlon indica-
tion. One swilch indicales the zero posiion
and the other one counts Lhe sieps from
2010 10 Lhe selected elemant, As (he reduc-
lion between the DC molor and (he furret
wheel is very low. il was necessary 1o inslall
a circuil with a negative impegance charac:
(eristic 10 achisve sufficient speed control
at slow speeds. To change 10 a3 new posi-

tion, the molor is driven for 20 ms wilh (yll
torque 10 throw the whee! out of the block-
ed position (ball-bearing in slol), Then the
turret continues turning at stow speed until
the next position indicated by the position
swilch. The same electrical system is used
by the turret for thickness compensation,
and the fwo llter lurrets {or centrefield
viewing and the ISIT camera.

The turrets for glass \hickness compen-
sation and the twa TV liller fucrets are buill
and coalrolled like the field-fens turret, but
less precisely.

The carriage [or large and small lield-
viewing objecuves is yuided in hnear bear-
ings and moved into posilion by means of
a DC gear motor. Il is held i the end posi-
lion by lwo magnets with a precision ol
+100 pm. The time tor {ull stroke is 185 sec.

The reduclion plate is a solid, slabilized
steel plale. precision-machined 10 A plana-
rity ol 10 pm of 1he flanges. The bolt circle
diameter ol ithe large flange is V135 mm. and
\he internal guide bore 1100 mm. The boll
circie diameter on the small llange is 540
mm and the guiding bore 500 mm, The foca)
plane is 170 mm Irom the small ilange. The
weight of this plate is 500 kg lo prevenl a se-
rious imbalance in the lelescope dunng a
change from a heavy to ) hght inslrument.

ALGUNOQOS RESUMENES

Fuentes de rayos X
en cumulos de galaxias

Dr. R. Havlen, astronomo de ESO en Chile. y
Dr. H. Quinlana, astrénomo chileno em-
pleado por ESO en Ginebra durante 19786,
han realizado recientemenie un minucioso
esludio del cimulo ausiral de rayos X de
nalaxias CA 0340 -538.

Cumulos de luenies de rayos X tienen
una apraciable dimension. siendo su dia-
meiro de un 0 dos millones de anos luz. Se
presume que la radiacion de rayos X en
estas luentes no es mas que la radiacion
termal de un tenue, muy calienle gas (con
una lempearalura de cien millones de gra-
dos) que llena las regiones inteciores de los
¢cumulos. Hasta el momento aun no se
puede responder a la pregunla de cual seria
el origen de aquel gas.

Hasta la fecha, se han podido deteclar
solo una 6 dos docenas de cumulos de
fuenles de rayos X. Es importante identi-
ficar estas fuentes a lin de estudiar en
detalle los cumuios 6plicos.

El comulo CA 0340 -538 es un cumulo
casi esférico que tiene muchos cientos de
galaxias, Para varias galaxias se han deter-
minado las velocidades radiales, y se
encuenira en progreso un esludio foto-
méirico. De las placas tomadas con ¢
telescopio Schmidl en La Silla se estd
realizando también un estudio de la mor-
lologia y distribucién de los varios tipos de
galaxias en todo el cumulo. Toda esla
informacioén, si se comblina con los datos
de rayos X. ayudara a explicar el origen del
gas intercumulo y su mecanismo de calen-
lamlenlo.

Apolos y Troyanos

€1 thulo de esta nota no debe confundir a
Jos leclores. No prelendemos discutir anti-
guos Jioses y guerreros griegos, Sindo mas
bien resumir algunas nuevas informacio-
nes pertenecientes a estas dos wfamilias»
de planelas menores recientemente obte-
aidas a lraveés de observaciones con los le-

lescopos de la ESO. Elos represeman ca-
s0s extremos en el myndo de los aslaroi-
des: los planetas de lipo Apolo son aguellos
que mas se acercan a (a tierra. (0s Troyanos
son ios mas disltantas de todos los conoci-
dos planetas menores.

1976 WA

Hasla la fecha se conocen Comparativa-
mente pocos asteroides de lipo Apolo. Re-
cienlemente, ef interes en estos racos obje-
los ha aumentado considerablemente
luego del descubrimiento de no manos de
cuatro nuevos Apolos dentro de solo once
meses. A lines de 1975 lueron descubiertos
dos en el Cbservatorio Palomar (1976 AAy
1976 YA), el lercero en octubre de 1976.
qualmente en Palomar (1976 UA), y el cuar-
10, 1976 WA. lue el primero encontrado con
el telescopio Schmidt de ESO, para el cual
se ha establecido lgualmentle una orbita
fiable.

1976 WA lue descubierto por H.-E, Schu-
ster en una placa tomada para el Mapa (B)
de ESO el dia 19 de noviembre de 1976.
El tamano de 1976 WA se estima en 1-1.§
kildmetros. Su oOrbita es exirgmadamenle
alargada y se mueve enlre 124 y 598 mi-
liones de kilometros del sol. es decir. pa-
sando baslanie detras de la 6rbita de Marte
y casi locando Ja de Venuys.

1976 UQ y 1876 UW

Algunas semanas antes del descubrimienio
da 1876 WA, se realizd un pequeno pro-
grama de observacion con el telescopio de
Schmidt de ESO con el {in de buscar siste-
maticamenle nuevos asteroides de tipo
Apolo. Dr. R. M. Wasl, asistido por Guido
Pizarro. obluvo seis placas durante un pe-
rlodo de diez noches. Se encontraron 27
planelas menores en las placas, 25 de los
cuales eran nuevos descubrimientlos!
Enire los 25 objelos no hablan nuevos
asteroides de lipo Apolo. Sin embargo. sor-
presivamenle, dos de los nuevos asteroides
resultaron ser nuevos Troyanos con una dis-
tancia de cast 750 millones de kilomelros de
fa tierra. Una extrana paradoja: se busca lo
cercano y se encuentra 1o dislante.



