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The Governments of Belgium, the Federal Republic of Germany, France, the
Netherlands, and Sweden have signed a Convention') concerning the ercction of
a powerful astronomical observatory on October 5, 1962.

By this Convention a European organization for astronomical research in the
southern hemisphere is created. Denmark became a member of the organization
on June 1, 1967. The purpose of this organization is the construction, equipment,
and operation of an astronomical observatory situated in the southern hemi-
sphere. The initial programme comprises the following subjects:

1. a1.00 m photoelectric telescope,

2. a 1.50 m spectrographic telescope,

3. a1.00 m Schmidt telescope,

4. a3.60 m telescope,

5. auxiliary equipment necessary to carry out research programmes,

6. the buildings for administration, laboratories, workshops, and accommoda-

tion of personnel.

The site of the observatory is in the middle between the Pacific coast and the high
chain of the Andes, 600 km north of Santiago de Chile, on La Silla, at an altitude
of 2400 m.
The geographical coordinates of the main summit of La Silla are

I8 + 70° 43" 467 50

@ = — 29° 15" 25" 80,

They were determined by the Instituto Geogréfico Militar of Santiago/Chile.
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1) The ESO Management will on request readlly provide for coples of the Parls Conven-
tion of October 5, 1902,
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THE GRANT MACHINE
J. Rickard, W. Nees, and F. Middelburg

I. Introduction

ESO-Chile has had in operation an automated Grant comparator-microden-
sitometer for about five years. The machine has two principal functions:

(a) the accurate measurement of the positions of stellar lines for radial velocity
(RV) determinations,

(b) microdensitometry (MD) of stellar spectrograms.

The data acquisition and control system is based on an HP 2100 computer and
can provide printed page, punched tape and magnetic tape recordings of the digi-
tized output for both machine modes. There is also a strip-chart recorder for
manual measurements. This automation has increased the speed and accuracy of
spectral plate measurements, has eliminated human error to a great extent, has
saved the astronomer valuable time—thereby increasing his research potential—
and has provided the data in a form convenient for further computer reduction
and analyses.

II. The measuring machine—Grant Model 800

I1.1. Specifications

The manufacturer’s specifications have been met in our particular case. The
backlash of the X and Y screws is less than 1 um; settings are repeatable to
0.5 um; the over-all measuring accuracy is better than + 1 um/250 mm. Spectra
can be projected to the analyzing slit with a variety of magnifications.

Plates as long as 450 mm in X and 100 mm in Y can be accommodated. There
is a variety of scanning und slewing motors which will be described below.

11.2. Optical configuration—RYV mode

The optical configuration of the Grant Model 800 for RV measurements is
given in Fig. 1.

Light passes from the lamp through a collimator to the glass table and spectrum.
The image of the spectrum is formed by the lens on the analyzing slit and a
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J. Rickard, W. Neces, FF. Middelburg

viewing screen, the light being split by a semi-transparent beam splitter. The
image of the spectral line is swept across the slit by means of a rotating planar
transparent block. The signal from the photomultiplier (PM) is scanned across
the CRT screen in both forward and reverse directions, using a signal from a
second PM looking at a lamp through a chopper synchronized with the rotating
block. When the spectral line is in the centre of the slit, the forward and re-
verse CRT scans coincide. In this manner the position of the line can be accu-
rately determined.

1 1 10
14 r J—*—-—H
e — 12
),
13
1 Photomultiplier 8 Beam splitter
2 Lens 9 Lens
3 Masks 10 Plate
4 Rotating scanner 11 Table
5 Mirror 12 Collimator
6 Lamp 13 Mirror
7 Viewing screen 14 Oscilloscope
Fig. 1

Plate 1 shows the Grant machine. The two wheels are the manual controls for
the X (the right wheel) and Y (the left wheel) motions of the table. The mea-
suring slit and scanner are mounted in the head. The CRT screen is scen on the
left side of the measuring head. The X-encoder is the extension on the screw
mounted on the left. One of the drive motors, the AC-synchronous motor, is
the extension on the right.

Plate 2 shows the details of the machine being used to measure line positions
with the CRT display. The stellar spectrum is seen projected in the screen on
the right. The dark comparison line falling between the two fiducial lines is
centred and being scanned by the rotating block. The forward and reverse scans
coincide, thus determining the line’s position.
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The width of the line on the CRT display can be stretched or diminished elec-
tronically, making it possible to measure narrow or broad lines with equal
accuracy.

In addition, there is a series of masks which can be inserted to limit the mea-
surement to upper or lower halves of the line, middle or edges, ere. Plate 3
shows the series of controls used to adjust the masks. There are also control
levers on the table which allow the operator to switch rapidly between star and
comparison, upper and lower half of spectrum, etc,

S IR

Plate 3

11.3. Optical configuration—MD mode
The optical configuration for the microdensitometer mode is given in Fig. 2.

A preslit assembly of yellow glass is inserted in front of the projection lamp.
The image of the preslit is formed on the spectrum by the lower lens. A blue
filter in front of the photomultiplier combines with the yellow preslic to form
the equivalent of an opaque preslit as seen by the PM. The transparent scanning
blodk is fixed with respect to the light path. The signal from the PM goes to an
amplifier. The CRT display cannot be used. Plate 1 shows the controls for the
preslit assembly in the lower middle part of the machine.
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III. Motor drives available

The X-motion of the table is controlled by four motors. Two are AC-synchro-
nous motors with four discrete speeds. Motor A has speeds /2, 1, 2, and 4 mm/
min; motor B, /4, /2, 1, and 2 mm/min. Since the speed /4 mm/min is never
used, motor B is superfluous and is normally not attached to the machine.

The speeds provided by motor A are used only for non-computer scanning, i.c.
strip-chart recording in the microdensitometry mode. This is due to the fact
that the automatic digitization can be done, in principle, without resolution
loss up to speeds of 30,000 samples’s. For strip-chart recording, however, the
resolution is limited by the time constant of the strip-chart recorder itself, and
speeds of over 4 mm/min cannot be used.

A variable-speed reversible DC motor, with a range of 8 to 80 mm/min is also
provided. This is used by the computer control programme during automatic
scanning.

The fourth motor is a reversible DC motor with a speed of 420 mm/min, used
for rapid slewing of the table by manual or computer control.
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IV. The configuration of the data acquisition and control system

Fig. 3 shows the system block diagram and Plate 4 the actual hardware arrange-
ment. The numbers in the photograph correspond to the components listed in
Fig. 3. The system includes the following possibilities:

(a) analog strip-chart recording for microdensitometry,
(b) digital recording of X-Y positions,

(c) automatic microdensitometry.

CONFIGURATION OF GRANT 800 DATA ACQUISITION SYSTEM
Table drive motor control

|§:§§M5f;glﬁlﬁlﬁlr e
12 | | Linear % T 14 5
\ Lo - 1

A/D Conv.
Grant 800
—@ IABLE PM AMPLIFIERS 2 bit )

N 3 g

e 16 bit
3 Logarithmic LE Relay IF
J regist.
A | Reversible Analog strip | |
y - counter rccorder  chart ? 2

H P 2100A ‘

@
reader
_/\_ Reversible o I.F 8§ K
x - counter B

numerical keyboard x-position y position -
keyboard AFI display | ’display J display Interface LE 1E LE
Data
control

Paper Mag

Punch Jl Tape Teletype

5 4 3

Fig. 3

1 Hewlett Packard 2100-8K

2 Optical paper tape reader HP 2748

3 Teletype ASR-33

4 Magnetic tape HP 7970 9-Track NRZI compatible 800 BPI
5 Paper tape punch Facit 4070, 8 hole, 70 ch/s

6 A/D convertor HP 2310C 12 bit 100 ns conversion

7 Relay register interface—16 contacts

8 Numerical display interface

9 X-position display—resolution 1/5 um

10 Y-position display—resolution 1 pm

11 Heidenhain shaft encoder—1000 pulse/rev.

12 Heidenhain shaft encoder—5000 pulse/rev.

13 Strip-chart recorder

14 Density (logarithmic) and transmission (lincar) amplifiers
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Plate 4: The numbers here are the same as in Fig. 3.
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IV.1. Analog recording

Strip-chart recordings of cither /o transmission or optical density can be made by
recording the output of either a linear or logarithmic amplifier. The accuracy of
this type of tracing is dependent on the amplifier’s accuracy and stability. The
sensitivity of the linear amplifier is specified as 0.1 9/o of full scale between plate
transmission values of 5 to 80%. Zero drift should be less than 0.3 9/ in two
hours. These values may be a bit optimistic since some fluctuations in the PM
output are not included in the specifications. Analog recording is not done on a
regular basis owing to heavy demand for the machine.

IV.2. Digital recording of X-Y

It is possible to record on paper tape the X and Y positions of the table. The
two encoders are connected to an interface which controls the paper tape punch.
A numerical keyboard allows the operator to insert a 6-light code number and
record either the X or X and Y encoder readings in ASCII code (8-level) on
paper tape. This option is used for radial velocity measurements. The operator
moves the table manually and stops at whatever lines he desires, and then re-
cords the positions.

In practice, this keyboard is not used very often, since more versatile measuring
schemes can be provided by computer programme. The teletype can be used
instead of the keyboard, allowing alpha-numeric data to be inserted. Several
programmes have been written for specific tasks providing setting averages,
differential shifts, and other on-line capabilities.

1V.3. Automatic measuring—MD mode

The HP 2100 computer acts as the controller during the automatic data acqui-
sition. It controls the motion of the table through a 16-bit relay register interface
card. A computer word can be output to the relay register by simple pro-
gramming to effect the various forward and reverse motions necessary.

Programmes are read into the computer by a high-speed tape recorder. The
computer has the option of logging the data on the teletype, the paper tape
punch, or the magnetic tape unit. The X and Y counters are readable by com-
puter also.

The analog signal coming from either amplifier is digitized on a scale O — 2047
(11 bits). This provides 0.05 /o digitization accuracy, which is quite sufficient.
The A/D converter has an aperture time of 110 ns and can be used up to speeds of
30 K digitization a second. At the fastest scanning speed (80 mm/min) with the
highest resolution (15 um) the digitizer is working at only one quarter of its
capacity. No smoothing occurs owing to rapid scanning, since the aperture
time is so short.
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The Grant machine

The actual scanning of the plate is accomplished by moving the table with the
“variscan” DC motor at a speed of about 40 mm/min. The speed was chosen
to minimize mechanical stresses on machine and motor. A fixed number of
digitizations are made and stored in a buffer in the computer. When the buffer
is full, the table is stopped, to allow time to output the data onto magnetic
tape or another output device. The table must be stopped for output onto mag-
netic tape, since the output operation cannot be interrupted, i.e. one cannot
continue digitizing while the magnetic tape is writing. The computer is not
equipped with the direct memory access option that might make continuous
scanning possible.

If there were no mechanical overshoot in the motion of the table, it would be
possible to continue scanning the next block by restarting the variscan motor.
In practice, the table must be reversed to come back to the last digitized point and
then restarted in the forward direction. This method ensures that no data are
lost.

The over-all speed for measuring a plate depends upon the length, resolution,
number of clear plate measurements, etc. Typical values are the following:

Length of spectrum ESO coudé camera II: 75 mm
Resolution: 3 um
Block size: 500 samples
Table spced: 40 mm/min
Time to scan one block, convert to

IBM-compatible BCD, and record: 6 s

Time to digitize entire spectrum: 5 min

In practice, much more time is spent aligning the plate, choosing the regions
to be scanned, adjusting the amplifiers, ete.

Thus the speed of measuring the plate depends on the operator and his desires.
A good operator can average two plates/hr.

V. Description of the scanning programme GR1B
V.1. General description

With this programme the HP 2100 computer can be used to drive the Grant
machine to scan partly or wholly a photographic spectrum.

The photometric values of the points measured, with their X and Y coordinates,
codes, slit dimensions and resolution, are stored on magnetic tape. The regions
which have to be scanned, as well as the resolution, can be specified by the user.
The data thus acquired can later be used on another computer for data reduc-
tions. The formatting and coding of the magnetic tape ensures an casy input at
any computer centre equipped for IBM-standard 9-Track 800 bpi NRZI,
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MAGNETIC TAPE DATA I'ORMAT

Serial No. 4 characters
(cach word = 2 characters)

Identification 8 characters

Date 6 characters

Code 2 characters

Slit-height 2 characters
Slit-width 2 characters
Resolution 2 characters

Log. or Lin. ampl. 2 characters

Always 0 for no conversion

I'ree 8 characters

X-encoder (F 8.0)

Reading of first photometric value

X-cncoder (F 6.0)

Reading of first photometric value

Photometric value cach
4 characters
integer (14)

Fig. 4

(right justified)

(Iefr justified)

(feft justified)

(fefr justified)
(left justified)
(left justified)
(left justified)
(0 = Lin 1 = Log)
(right justificd)

(all spaces)

(right justified)

(right justified)

(right justified)



The Grant machine

The programme is written in an HP assembler which gives fast exccution and
efficient use of core memory space. HP-provided drivers are used for input and
output of the teleprinter and output on the magnetic tape. Simple non-inter-
rupt drivers are used for the input from the Z-encoder and the A/D con-
verter.

The X-encoder is read in as a constant chedk on the position of the table. The
A/D converter digitizes the plate at a certain X-value, while the computer is
always chedking the real position of the table to ensure that small errors do not
become cumulative. This is important at the high scanning speed used.

The X-encoder has a maximum of seven decimal digits which, when converted
to a binary integer, will not fit into a single 16-bit computer word. Therefore,
two computer words are used for all calculations concerning the X-encoder,
both of which are used as integer numbers. The carry-over of bits from one
word to another is done by our own software.

The output on the magnetic tape consists of fixed-length records of which the
first 26 words give the information which will be necessary for later reduc-
tions, and the rest is filled up with a list of photometric values. Fig. 4 shows
schematically the format of one physical record on the magnetic tape.

Although a binary code would have been the most efficient way to store the
data on tape, it was felt that, because of the varicty of computer hardware, it
would be best to output in the EBCDIC code. This 8-bit code should ensure
maximum compatibility between our and other computers in Europe.

V.2. GRIB in operation
(Refer to flow chart Fig. 5)

1. The teletype (TTY) asks on which file of the magnetic tape the measurements
are to start. Therefore it is possible to continue using a tape which already has
data stored from previous runs. The user decides where the end-of-file marks
are to be written. He forward-spaces the tape by simply typing the number of
the file he wants to usec.

2. The TTY asks for the block length. During the scanning a buffer will be
filled with photometric values: when this buffer is full, the table will stop and
the contents of the buffer will be dumped on magnetic tape. The size of this
buffer is given by an integer number between 1 and 500. Normally a buffer of
500 will be used; only if single lines are measured will it be more efficient to
use a smaller buffer size.

3. The TTY asks for serial number. The answer can be given up to four num-
bers. This serial number is for later plate identification within one file and it is
automatically incremented when a measurement is finished.

4. The TTY asks for the date; the answer can be given with up to six numbers.
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5. The TTY asks for the identification. The answer can be given with up to
cight alphanumeric characters. This identification could be, e.g., the HD number
of the object observed.

6. The TTY asks for code, slit height, slit width and resolution.

The code may have two alphanumeric characters which could be used to identify
clear plate or comparison lines, etc.

The slit dimensions may be described by numbers from 1 to 99.

The resolution is the integral number of microns between each point which is
to be measured. This may be from 1 to 99 microns.

All these questions (under 6) may be answered by typing /, a slash, which means
that any previous answers which were given would remain unchanged.

N. B.: Only the resolution has any effect on the actual scanning, since it deter-
mines the digitization interval for the A/D converter. The slit parameters and
other identification numbers are merely copies onto magnetic tape.

7. Switch register 0 (zero) should be on if the logarithmic amplifier is used.

8. The regions which are to be measured will now have to be specified. The TTY
asks for the start and end of cach region. These starts and ends are given by
setting the table manually to the desired point and pressing the TTY spacer
bar. Up to 20 regions may be taken. If the whole plate is to be scanned, only
one region needs to be specified. The regions may be given in any sequence and
may even overlap.

9. Striking the E key ends this part of the programme.

10. From here on the computer takes complete control and will scan all specified
regions automatically and put the photometric values, code, etc. on the magnetic
tape.

11. The table slews in reverse to the beginning of the first region, it overshoots
the beginning, stops and comes forward again, using the variscan motor. As
soon as the beginning is found, photometric measurements are set into a buffer
at the specified resolution. When the buffer is full, the table stops, the contents
of the buffer are dumped on magnetic tape, a check is made to see if the whole
region has been done and, if not, the table will reverse to where it took the last
measurement, will again overshoot, stop and go forward again to continue from
where it left off. When the whole region has been done, the table goes to the
beginning of the next region and the process of scanning is repeated.

12. After all the regions have been measured the TTY asks “all scans again?”.
Answering with a yes will cause the questions under 6 to be asked again, the
programme will then repeat the process starting from 11, If the question is
answered with 7o, the TTY will ask “end of file?”. Answering with yes

16
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J. Rickard, W. Nees, I'. Middelburg

will cause an end-of-file mark to be written on the magnetic tape, and the
computer will halt. Pressing start will cause the programme to start again at 2.
Answering the question with no will cause the serial number to increment by
one and the programme will continue at 2,

VI Summary

Plate 5 shows the entire Grant machine computer system in operation. The
operator sits facing the screen. Messages typed out by the computer and opera-
tor instructions are entered via the teletype on his right.

After the initial programme is loaded via the photoreader, the operator need
only give his attention to the plate and the measuring process.

Plate 5

Visitors interested in digitizing the plates they obtain on La Silla must request,
in advance, time on the Grant machine. The amount of unused time has dimi-
nished considerably since its installation and the schedule usually is full,

In addition to the GR1IB programme, described here in detail, the following pro-
grammes are also available:

18



The Grant machine
1. GR2B: Magnetic tape output is in binary. Block length is 2,500 samples.
2. DCODE: A tape dump programme for GR1B.
3. ECODE: A tape dump programme for GR2B.

4. RAVIN: An on-line programme which provides the average of several
settings on the same line, and a suitably formatted papertape for the pro-
gramme RADVEL. RADVEL is an off-time programme for calculating
radial velocities using dispersion tables.

5. LAMDA: Programme to calculate the apparent wavelengths of lines from
their X positions. Programme determines the dispersion curve empirically
and not by a table.

6. GENRV: Programme to calculate the radial velocity of each line measured.
Lines can be deleted and the mean RV for a plate determined.

Note added in proof: This paper describes the Grant machine as of mid-1972. GRIB
has been revised and made more flexible, although the major features remained un-
changed. For the latest information about the machine’s status, consult the director in

Chile.

Dr. James Rickard
European Southern Observatory

Casilla 16317
Santiago 9, Chile

Walter Nees
European Southern Observatory
(same address)

Frank Middelburg

European Southern Observatory
Telescope Project Division
CH-1211 Genéve 23, Switzerland
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THE SANTIAGO GRANT MACHINE
AND ZEEMAN COUDE DATA REDUCTIONS

H. John Wood

I. Introduction

The ESO Chile long-screw Grant measuring machine, coupled to a small com-
puter for data acquisition, has been used in a programme of line identification,
radial velocity determination and the determination of the magnetic fields of
stars. It is the purpose of this paper to briefly describe the operation of this
system.

II. The Zeeman spectroscopy project requirements

In a programme to determine the magnetic fields of new southern magnetic
stars discovered at La Silla, we use Camera III plates taken with the coudé
spectrograph of the 1.5 metre reflector. A Babcock-type Zeeman analyzer for
circular polarization produces two stellar images on the slit of the coudé spec-
trograph. Small wavelength shifts between the dextrogyrate and levogyrate
spectrograms are a measure of the strength of the longitudinal component of
the stellar magnetic field. In addition, the Doppler effect shifts and broadens
the stellar lines.

Thus, we must determine the local Doppler shift for the star, the rest wave-
lengths of the lines for identification purposes, and finally the magnetic field
and probable error from the individual line shifts and basic atomic data,

III. Three computer programmes for data acquisition and computation

In the following paragraphs, three computer programmes for the Grant ma-
chine will be described briefly. For specific details of the structure and opera-

tion of the programmes, consult programming and operating manuals avail-
able at ESO Santiago.

A. GRINP. The programme for Grant machine Input to paper tape of digitized
screw readings provides averaging and differencing functions. Up to 20 settings
on a spectrum line are immediately averaged by the on-line computer on com-
mand by the operator. The teletype is used for communication with the com-
puter.

The normal measuring procedure for coudé Camera III Zeeman plates is as
follows:
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Optical and oscilloscope display of a vypical Zeeman specrrogram on the Grant machine.
One component of a stellar iron line at 4271 angstroms is being measured,

The spectrogram is set in standard fashion on the Grant machine.

The programme tape is loaded into the computer via the tape photo-reader.
The tape punch records one line of plate identification and measuring engine
data and is then ready for the screw readings.

Comparison lines are entered with their wavelengths as identifying numbers.
Stellar lines are measured in sequence with the comparison lines but with arbi-
trary alphanumerics as identification. For Zeeman plates, the ordinary ray is
measured first and the same identifier number is used for the extraordinary ray.
When the computer detects a second stellar line with the same identifier num-
ber, it automatically differences the two average screw readings, thus pro-
viding the Zeeman shift in microns.

The final tape produced by GRINP thus contains identifier numbers and
averages of screw readings for comparison and stellar lines. The tape also con-

tains the Zeeman shifts in microns for the individual stellar lines.
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The Santiago Grant machine and Zeeman coudé data reductions

B. ZWAVL is a programme for determination of Zeeman Wavelength and Velo-
city from GRINP output tapes. The purpose of ZWAVL is to determine the
observed stellar wavelength of the lines, calculate the average local radial
velocity of the star from a set of known stellar lines, and finally to recalculate
the laboratory wavelengths of all measured lines based on that velocity.

The computer first solves the equation » = a + b x for successive pairs of com-
parison lines and stores the various coefficients a and b in core memory. A sepa-
rate line list (ID list) which identifies selected stellar lines is read into the com-
puter along with the programme tape.

The computer differences the stellar and laboratory wavelengths and, using the
first-order Doppler formula, calculates the average velocity of the star and the
residuals for each line.

A second pass of the GRINP tape through the tape-reader allows the computer
to calculate in serial fashion, using the average velocity just determined, the
individual laboratory wavelengths of all remaining unknown lines which were
measured.

ZWAVL has two parts, so that the best velocity can be used for the final line
list of laboratory wavelengths. For example, an iterative process can be used
with ZWAVL. In one case we measured a plate in which the first ID list con-
tained only one line, the Balmer line Hy. The velocity determined from that
line was applied to all other lines and their laboratory wavelengths were deter-
mined. A second ID list could then be prepared which contained ten lines which
could be identified with considerable certainty. The velocity was determined
a second time using a ten-line ID list, and the velocity residuals were small
enough (less than one kilometer per second) to assure that the ten lines were
correctly identified. The wavelength list produced from the ten-line velocity
was accurate enough (* 0.01 A) for the remaining thirty lines to bz identified
with a high degree of certainty. Finally, as a chedk, all forty lines were used to
produce a third ID list, and a third average velocity was calculated for the plate.
The velocity residuals from this solution were small enough on all lines to
assure us that all forty lines were correctly identified.

ZWAVL produces lists and an output tape which contains the line identifier
number, observed stellar wavelength, computed laboratory wavelength, and
Zeeman shift for each line.

C. MAGFD. The final programme, MAGFD, computes the effective magnetic
field for the star and its probable error. The programme takes as input a
ZWAVL output tape which provides the wavelengths and measured Zeeman
shifts for the lines, and a separate 1D list which provides the individual z-values
for the lines measured. The z-value of a line is the mean displacement of the
group of components, to one side of centre, in terms of the displacement of
the o component of the normal Zeeman triplet.
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The effective field is calculated from:

where D is the dispersion in A/mm, A S, is the individual Zeeman shift correc-
ted to » 4500 by multiplying by (4500/)2, and z is the z-value described above.
The equation is weighted by z according to the principle of least squares, since
lines with large shifts statistically yield a better measure of the field strength.

The probable error is calculated by computing values of the field for each line
and comparing them with the weighted mean value of H, as determined
above.

The output of MAGFD is a list on the teletype of the field and its probable
error, the number of lines used to determine the field, and a list of z and
/S, values used in determination of the field.

IV. Summary and conclusion

The three programmes described above provide considerable speed and con-
venience in the processing of coudé Zeeman plates obtained on La Silla. If the
ID lists for ZWAVL and MAGFD have been prepared in advance, the velocity,
magnetic field, and probable error can be obtained within ten minutes after the
plate has been measured using GRINP.

This paper was prepared to provide an cxample of the speed and convenience
obtained by the use of a small computer used on-line with the Grant measuring
machine.
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PROGRAMMES FOR THE REDUCTION OF
RADIAL VELOCITY MEASUREMENTS

A. Ardeberg and E. Maurice

Introduction

Measurements of radial velocities from spectra may nowadays be performed
either by the modern method of superposition of line contours or by the more
conventional setting of a reticule. For the choice of comparison and spectral
lines for radial velocity determinations, the measurement procedure has to be
taken into account, as line blends, etc., may have different effects in the contour
superposition and the reticule setting methods. Basically, however, in both
cases the same effects are measured.

For the measurements of radial velocities by line contour superposition, ESO
has available in Chile a Grant machine. For radial velocity determinations by
reticule setting, a Hilger and Watts microscope equipped with a Ferranti system
can be used. For the measurements with these machines and for the reduction
of the obtained data, programmes have been made. They are general enough to
be applicable to most types of radial velocity measurements. They consist of
two parts. One part is made for the measurements of the plates including some
first-hand reductions. The other part is the actual reduction programme.

Measurements of the plates

The settings of the measuring machine, together with entered comments, identi-
fiers and codes, define the input data. The measuring machine is connected to a
teleprinter through which all data except the settings are entered.

Standard tables are used for the measurements of stellar, interstellar, nebular,
and comparison lines. These tables contain selected lines to provide easy and
consistent measurements. Tables are available for Cassegrain spectra (74 A/mm)
and for coudé spectra (12-20 A/mm). Naturally, the selection of lines depends on
the dispersion. Provision is made also for measurements of lines not included in
the tables. For the stellar, interstellar, nebular and comparison lines a total of
500 lines may be tabulated. In addition to these lines, up to 500 non-tabulated
lines may be used for a complete spectrum measurement.

However, for each individual table (stellar, interstellar, nebular and comparison)
only up to 200 lines can be measured (if more than one mean value is formed
for the same line, each mean value is regarded as a separate line).
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Several sets of the same line can be measured separately, if any ambiguity or
duplicity exists.

The measurement procedure is very simple. Identifiers and codes are given via
the teleprinter. One or more measurements are made for every line desired.

For both measuring devices, the output is a punched paper tape. However, the
information contained is not exactly the same. The Grant machine has an on-
line connection with an HP 2100 computer, which makes possible direct calcu-
lation of mean values for every line measured. In this case the output tape
contains one line of comments and the number of the stellar table used. The
comments and the table number are entered by the operator. The tape also
gives line identifiers and mean values of line measurements. The output tape
from measurements made with the Hilger and Watts microscope contains, in-
stead of mean values, the values of all the individual measurements. A quick run
with the HP 2100 computer and a mean-values programme will convert the
output tape from the Hilger and Watts machine into a tape exactly the same
as that from the Grant machine.

Determination of radial velocities

The programme for the actual determination of radial velocities has been
designed for an IBM 360/40 computer. In Santiago such a computer is available
for ESO at the computer centre of the University of Chile. For convenience,
the radial-velocity programme has been made for input from magnetic tape.
The conversion of the measurements on the paper tapes to magnetic tape is
made on the HP 2100 computer.

The input for the radial-velocity programme is thus the magnetic tape with the
measurements and the punched cards with the line tables.

For each measured comparison line the programme calculates the difference
between measured and tabulated position. It uses a least-square solution to fit
a relation

Xm — Xo = A, + Ay Xy,

where X,, denotes measured and X, tabulated position. The programme elimi-
nates all measured comparison lines with X,, — X, ' values deviating more than
40 n from the fitted relation. In this way accidental errors in identification are
avoided in the final fitting of a relation to the measurements of the comparison
lines.

With the remaining comparison lines a least-squares fit is made of the relation
X — Xy = By + By Xjy + Be X2 + By Xi?

Also the standard deviation, o, of the calculated differences X,, — X, with
respect to the fitted relation is calculated. The programme then prints the
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constants B, By, Bs, and By, 0, and for every measured comparison line X,, —
X, and X,,. Finally, eliminated lines, if any, are given. Also a plot is provided
of X,, — X, versus X, including the fitted relation.

The fitted third-order relation for the comparison lines takes into account
cffects of dilatation, emulsion deformations, etc. The standard deviations pro-
vide an estimate of the quality of the plate and the measurements.

The differences between measured and tabulated positions are calculated for
the measured stellar lines with tabulated values. They are then corrected by
means of the relation found from the comparison lines. From the corrected
position differences the corresponding radial velocites arecalculated as

V = K (Xm* - Xn*)

covr.

Here V is the radial velocity and K is the velocity-position constant. K is given
in the tables expressed in km.s—l.u—!1. The asterisk refers to stellar lines.

Mean values and standard deviations are then calculated for the radial velocities
of the stellar, the interstellar, and the nebular lines, respectively. A print-out is

given of the values of Vi, V; — V, V, o%, ¢* and N, where V; are the radial velo-
cities calculated for the individual lines, V the mean value, ¢* the standard

deviation for a single stellar, interstellar or nebular line, o* the same quantity
for the corresponding mean radial velocity, and N the number of stellar, inter-
stellar or nebular lines taken into account.

For all individual stellar lines the residuals V; — V are now compared to the
corresponding values of o*. All lines with | Vi; — V| > 20* are climinated

New mean values and standard deviations are calculated. Print-outs are given
as before. The new residuals are compared to the new standard deviations, etc.

Finally, plots are given of V; versus X,,* for the stellar, interstellar, and nebular
lines, respectively. These plots provide an easy means of checking for possible
systematic effects.

For the measured spectral lines without tabulated values a different procedure
is adopted. Using the measurements of the comparison lines and a least-squares
solution, we fit a relation

A= Co + CI Xm + C‘_’ sz + C3 X|113-
The wavelengths, , are taken from the tables. The programme prints C,,, Ci, Cy,

and C:;.

With the (A ;X,,) relation obtained, measured positions of non-tabulated spec-
tral lines are reduced to wavelengths. These wavelengths are printed together
with the corresponding values of K. If a radial velocity has been calculated
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from tabulated stellar lines, the measured wavelengths are transformed into
rest wavelengths, which are printed. A partial output may be obtained on mag-
netic tape.
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A DATA ACQUISITION PROGRAMME
FOR PHOTOMETRIC MEASUREMENTS

A. Ardeberg and F. Middelburg

Introduction

An HP 2114B computer with 8 K words of memory in the dome of the ESO
1 m telescope on La Silla provides the possibility of rapid and reliable data
acquisition, forming the basis of subsequent reduction programmes. At the same
time, we can obtain on-line results by means of real-time reductions, which are
necessarily much more restricted than those done in an off-line manner. The
acquisition programme must allow an observing routine that is rapid, easy and
flexible with no restrictions imposed on the observing procedure. Moreover,
the observer must be free to choose at any moment the sequence of measure-
ments. Thus highest priority has been given to an output that includes all data
necessary for different types of reduction. The data output takes care of all
kinds of photometry, with the number of filters ranging from one to twelve.

Once the results of a night are obtained, reduction can be made in several ways.
We mention here reductions made with the help of a minicomputer and reduc-
tions with a large computer. If so desired, manual calculations may also be
made.

The HP 2114B computer is linked by a data line to the 1 m telescope control
computer. This link is used for transfer of coordinates and sidereal time from
the telescope to the acquisition computer.

In this paper we present the programme used for data acquisition with the HP
2114B computer in connection with the ESO photometer (de Vries, 1966). We
include a discussion concerning the on-line reduction programmes for UBV
photometry. They provide results that are accurate enough to serve as preli-
minary information and at the same time suffice for evaluation of the photo-
metric quality of the night.

Finally, we note that the programme is designed to give the observer the options
of using either pulse-counting or DC-amplification techniques.

Measurement results

The output programme provides the data by means of a print-out on the tele-
type, another print-out on a high-speed printer, and a paper tape from a high-
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speed punch. At the same time, the intensity integrations are displayed on a
counter for easy direct access during observing. Finally, a strip-chart recorder
can be used, if so desired.

For a single integration, the output data for the teletype, the high-speed printer
and the paper tape are the following:

an optional code (two digits)
diaphragm code (two digits)
integration time in seconds (three digits)
sideral time for end of integration,

expressed in hours and minutes (four digits)
filter code (two digits)
gain-step code (two digits)
star-sky code (one digit)
intensity value (six digits)
decision (one digit)

At the end of each integration these data are given automatically, except the
decision, which has to be entered separately. If decision 0 is chosen, the decision
Is also given automatically at the end of each integration.

The option is also available for output of only mean values on the teletype
print-out and on the paper tape. In this mode, the high-speed printer still gives
single-integration results as above, whercas the teletype and the punch give the
results for each series of integrations only. Output on the teletype and the paper
tape is then made when measurement of object is terminated or when the filter,
star-sky indication, gain-step, integration time, optional code or diagram is
changed.

This ensures that data are not inadequately mixed. Furthermore, the output is
made automatic and independent of intervention by the observer.

If only mean values are given on the teletype print-out and on the paper tape,
a decision has to be made only after cach series or the deletion of one or more
integrations from a series.

Finally, mean values, as described, can be obtained by the teletype, while both
the punch and the high-speed printer give the results of cach integration. If the
results of cach integration are printed on the teletype, the integration time
should be chosen at three seconds or more in order to avoid time-loss due to
the print-out delay.

Each object is automatically given an incremental number, providing an casy
reference for subsequent treatment of the data. All output is done under inter-
rupt, which means that free access is available for an incoming integration, while
the foregoing one is still under print-out.

The entered object identifier is printed on the teletype and on the high-speed
printer and punched on the paper tape. The entered coordinates are printed on
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the teletype and punched on the paper tape. They are, however, omitted by the
high-speed printer. It has also to be remembered that the high-speed printer
gives only numeric characters and the minus character, whereas all other charac-
ters are represented by an asterisk.

At the end of each object-measurement a mean air-mass is given. The air-mass
appears, however, only on the teletype print-out. It is calculated as for the
reduction programmes (sce below).

Apart from the direct results described above, a display is also given of the
internal standard deviation in the mean value formed by the individual mea-
surements so far made within the same series.

In Fig. 1 we give an example of a print-out made by the teleprinter during
observing.

The programme

The first part of the programme takes care of the initiation phase, when the
observer chooses his observing mode, enters the sidereal time and (possibly) enters
the photometric parameters to be used for on-line reduction.

A sccond part of the programme is concerned with input of object identifiers,
including right ascensions and declinations.

Finally, a third part of the programme takes care of the handling and output
of the observational data. In this part also, on-line reductions may be per-
formed and the results communicated.

Programme initiation

The programme is loaded using the basic binary loader. Pressing the run button
on the computer starts the programme. After headings have been printed, the
teleprinter will ask for the switch register to be set and for one line of com-
ments to be typed.

By sctting the switch register the observer can choose the observing mode that
best fits his type of photometric work. The switches involved in the initiation
phase are Nos. 1, 2, 4, 7 and 15.

Switches 1 and 2 are to be used for establishing the form of the data output.

As mentioned above, the high-speed printer and the counter display always
give the result of every single integration. However, switches 1 and 2 provide
options for the teletype as well as for the high-speed punch. If both switches
are left untouched, the teletype and the punch will give mean values only (see
“Measurement results”). Setting switch 1 means that all integrations are given
on the teletype print-out, and setting switch 2 that all integrations are punched.
For “regular” photometry it is recommended not to use all-values output on
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-

HD 39591
5 31 17
-1 37

1

MEASURE STANU. LIGHT SOONEST
MEASURE STAND. STAR SOONEST

72 5 1 2735 9 1) B 5 N= 5
72 5 1 @735 8 11 B 26487 N= 9
72 S 1 @736 9 1t @ 4 N= 5
72 5 1 @737 | 1 | 131 N=11
72 5 1 8737 2 11 | 1212 N=1@
72 5 1 8738 |1 11 @ 42137 N= 5
72 5 1 8739 2 11 @ 414065 N= 7
72 S 1 8739 1 11 @ 39755 N= 7
725 1 2748 2 1) 1 860 N= 4
72 S 1 @74@ 1 i) | 88 N= 4
AIRMASS=  1.319
Ly
HD 32309
5@ 13
-28 5

2
MEASURE STAND. STAR SOONEST
72 5 1 @742 1 1L} S8 N= 4
72 5 1 @742 2 111 525 N= 8
72 S5 1] @743 1 11 @ 45312 N= 6
72 5 1 @744 2 11 @ 567718 N= 6
72 5 1 @744 ) 1) @ 44828 N3 6
72 S 1 @745 2 11} 356 Nx 4
72 S 1 8745 1 111 32 N= 5
AIRMASS=  1.267
-
HD 82121
9 27 34
-45 22

3

TYPE STAND. MAG. V., B-V, U-B
7.628 -8.15% -0.63

72 5 1 8749 8 11 @ 26299 N= 7
72 5 1 @749 9 11 @ 3 N= 4
72 S | D758 12 11 P 343486 N= 6
72 5 1 B758 1! 11 @ 80443 N= 6
72 5 1 9751 1@ 11 @ 187195 N= 8
72 %5 1 @751 1@ 11 1 149 N= S
72 S 1 @752 11 11 1 185 N= 3
72 5 1 @752 12 11 1 431 N= 4
AlRMASS5=  1.103
.
HD 45629
6 26 48
~13 29

4
72 5 ) @754 8 11 @ 26188 N= 7
72 S5 1 @754 9 11 @ 4 N= 4
72 5 1 @755 12 11 @ 507449 N= &
72 5 1 2756 11 11 2 133488 N= §
72 S 1 2756 1@ 11 @ 110674 N= 8
72 5 I 8757 1@ 11 | 129 N= 4
72 S 1 8757 11 11 1 197 Na 7
72 5 1 @757 12 1l 1 348 N= S

AlRMASS=  1.114

V= 7.864 B-V= -.834 U-B= -.253

Fig. 1: Example of a print-out by the teleprinter during observing.
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cither the teletype or the punch. On the other hand, it would be natural to use
it for observations of rapid variables. In the latter case, and if an integration
time of less than three seconds is used, observing time can be gained by having the
teletype give mean values only, whereas all values are punched.

Switch 4 is used to determine whether decision has to be given after each single
integration, or whether decision has to be made only after cach series of in-
tegrations (see “Measurement results”). If the switch is left untouched, decision
has to be made only after each series of integrations. A series is terminated by
pressing the stop button on the hand-set during the integration that is intended
to be the last one. Setting switch 4 means that decision has to be made after
each single integration. We recommend that the series-mode be used normally.
The single-integration mode should generally be used when either only one
integration for each filter, etc., is wanted, or when the photometric quality is

doubtful.

When the DC amplification is used, the programme will normally check, before
each integration, that the amplifier gain-setting is equal to the gain-setting of a
previous measurement in either star or sky position for the same filter and
object. This chedk option is normally very useful, especially in order to prevent
star and sky for one or more filters from being measured in different gain-
steps. Setting switch 7 will, however, disable this checking.

Switch 15, finally, determines if on-line UBV results should be calculated or
not. If the switch is set, all complete UBV measurements will be followed by on-
line magnitudes and colours.

It should be pointed out that the switches can always be reset after each object
measurement. Thus, the observer may change his observing mood as desired
during an observing night.

After the appropriate switches have been set, the observer may type one line
of comments, including his name, the date, type of observation, etc. When the
comment line has been terminated by carriage return-line feed, the high-speed
punch will give first a tape leader and then punch the comment line so as to be
directly readable (punching the geometrical forms of letters and numbers).

After this, the sidereal time is transferred from the telescope control computer
to the HP 2114B computer. The teletype will print the time again as a check.
If the observer notes that an erroneous time has been entered, he should set
switch 9. The sidereal time will then be transferred again.

If switch 15 (on-line UBV reductions) has not been set, the teleprinter will print
start and two asterisks, and the first object identifier can be entered. If switch 15
has been set — that is, if on-line UBV reductions are wanted — the teleprinter
will ask for photometric parameters. A parameter tape is then entered via the
photoreader. It should contain pre-selected values of extinction coefficients,
colour transformation coefficients, and (in case DC amplification is used) gain-
step factors. The teletype will then type start and two asterisks, and the first
object identifier can be entered.
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Object identifiers

Whenever the programme expects the input of an identifier for a following
object, two asterisks are printed on the teleprinter.

The identifier may consist of up to 12 alphanumeric characters and should be
typed on the teleprinter or entered via the photoreader. In any case the identi-
fier will get printed on the teleprinter and punched on the high-speed punch.
The high-speed printer prints the ten first numeric characters, whereas it re-
places alpha characters and spaces by asterisks. All characters after the 12th
will appear only on the teleprinter print-out. The identifier is terminated by a
carriage return-line feed.

On the second line the right ascension and on the third line the declination
will appear on the teleprinter print-out and on the punched tape. They are,
however, omitted by the high-speed printer.

When the identifier has been entered, the object will be assigned an incremental
number. This number appears on the print-outs of the teleprinter and the high-
speed printer and on the punched tape. Immediately after this, the start and
end lamps will light up on the hand-set as well as on the computer unit, in-
forming the observer that he can start measuring. If at this point an error in
the identifier is noticed, pressing the end button will bring the programme back
to typing two asterisks on the teleprinter, after which the correct identifier can
be entered.

After the incremental number has been printed and the start and end lights
have gone on, one line of comments may be typed. These comments will appear
only on the teleprinter print-out.

If the observer wants to check the sidereal time, he can do so before entering an
identifier (when the two asterisks have been printed). Setting switch 8 will then
cause the sidereal time to be continuously printed out until the switch is reset.
If switch 9 is then set, the internal sidereal time is reset and can be entered
again.

Observations

The first integration for an object can start immediately after the incremental
number has been printed on the teleprinter and the start and end lamps have
lighted up, or (possibly) after one line of comments has been typed following
the incremental number.

We describe first the procedure to be followed if switch 4 has not been set—
that is, the series-mode. In this mode the programme will continue making
integrations until the stop button is pressed.

When the object has been centred, and diaphragm, integration time, filter, star-
sky indicator, and (in case of DC amplification) gain-step selected, the mea-
surement is initiated by pressing the start button. We point out that all com-
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mands (start, stop, decision, end, and star-sky indication) can be made from
the computer unit as well as from the hand-set. The normal observing proce-
dure should be that the observer stays at the photometer, whence he can con-
trol everything. The night assistant will normally enter object identifiers and
coordinates.

When the start button is pressed, the stop light goes on, and the counter starts
the first integration. The programme will cause the integrations to continue
until the stop button is pressed. After each integration the obtained intensity
value will be displayed by the counter. This value then remains, while next in-
tegration goes on, at the end of which the new intensity value will be displayed.
The dead time between consecutive integrations is about 0.3 seconds.

After two integrations with the same filter, diaphragm, integration time, and
(in case of DC amplification) gain-step, and with the star-sky indicator in posi-
tion star, a mean error display will be given, provided a previous sky measure-
ment has been made with the same filter and, for DC, gain-setting. After each
new integration with the same settings the displayed error will be up-dated.

The error given is S, where

N —
¥ (Xi — X)?
S = =
N(N—1)
Here X = X —X,
X = star intensity normalized to one second integration time.
X, = sky intensity normalized to one second integration time and
to the same diaphragm as was used for the measurement of
the star.
— N
X - N—1 ¥ Xi
=1
N = number of star measurements so far made.

The sky intensity used for calculation of the mean error is the mean value of
the previous series of sky measurements made with the same filter and (in case
of DC amplification) the same gain-setting. These sky intensity values for all
filters and, for DC work, gain-settings so far used are stored in core memory.
For each filter (and gain-steps) the stored sky intensity values are continuously
replaced when new sky measurements are made. Thus a set of up-dated sky
intensity values Is maintained which can be referred to by the programme when
an error calculation has to be made. If no corresponding sky measurement is
available, no error will be given.

We stress the fact that a preceding corresponding sky value is always used for
the error calculation. This means firstly that, so long as no corresponding sky
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measurement has been made during the night, no error will be given. Secondly,
as soon as at least onc corresponding sky measurement has been made, error
calculation will be made. Thirdly, if sky measurements are not made for every
star, it is essential to make new sky measurements as soon as the sky brightness
changes, in order to avoid incorrect results. To obtain the error calculation it
is, however, by no means necessary to measure the sky for every object.

For measurements of the standard light source no error is calculated.

The mean crror is displayed by means of the switch register provided with an
extra transparent plate having numbers clearly visible from the telescope, when

lit up by the corresponding switch. The number displayed is an integer S, where

S—05<S<S5+05 0<5< 15,
If S > 15.5, switches 14 and 15 will both light up.

The error display is intended as a help during the observations only; no mean
error appears on either the listings or the punched tape. Good advantage can,
however, be taken of the error display for judging the number of measurements
needed to achieve a certain accuracy. It is also valuable for evalution of the
photometric quality.

By setting switch O all stored sky values are deleted.

Finally, it should be noted that an erroneous setting of the star-sky indicator
on star when sky is actually measured will make the error display spurious. If
a rapidly-increasing error is noted, the star-sky indicator should be checked.

When the desired mean error has been reached or the desired number of integra-
tions made, the stop button is pressed; the integration under way at that mo-
ment will be finished. Then the programme stops the integration. The decision
light goes on and the decision selector should be set to the appropriate num-
ber. The decision button is then pressed.

The decision selector has six positions: 0, 1, 2, 3, 4 and 5. The consequences of
these decisions are the following:

1 = All integrations in the last integration sequence are accepted.

2 = All integrations in the last integration sequence are accepted, except the
last one, which is rejected. The display of the mean error is returned to
the value it had before the last integration.

3 = All integrations in the last integration sequence are deleted. In the case of
DC amplification, the stored gain-setting is removed.

4 = All measurements of the present object are deleted. If any integration
values have been printed and punched, a delete message will be given on
the teletype print-out and on the punched tape. In this case the identifier
of the object has to be re-entered.
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0 = The same as decision 1, but the decision will be made automatically at
the end of the last integration in every integration sequence.
With this decision the decision lamps will never be illuminated.

5 = Not used for the present data acquisition programme.

Normally decision 1 is used, which means that no decision selection has to be
made. Only in exceptional cases has one of the decisions 2-4 to be used.

Decision 2 should be chosen if, for instance, it is established that the object
approached the diaphragm edge during an integration terminated by means of
the stop button. If it is not certain at what time during the integration sequence
the star started to approach the edge, decision 3 should be taken. Decision 4 is
appropriate if it is found that the measured object is not the correct one and
integration values have already been printed and punched. Decision O should
normally be used only for test integrations.

If the start or end buttons are pressed while the decision lamp is illuminated,
this lamp will start flashing. Pressing the decision button will terminate the
flashing and enter the decision.

When the decision has been entered, the start and end lamps will light up. The
observer can now either go on measuring with the same diaphragm, integra-
tion time, filter, star-sky indicator, and gain-step, or he can change any of thesc
observing parameters and then go on measuring. In the first case, with decision 1,
everything will continue as if no intermediate decision had been made. With
decision 2 or 3 the measurement sequence will continue to build up, omitting the
last integration or the whole previous series of integrations. Decision 4 means that
the identifier has to be re-entered.

If the observer changes any of the quantities listed above (diaphragm, etc.), a
mean value will be given of the previous intensity measurements. This mean
value is printed by the teletype. If the mean-values mode is chosen for the
punch (switch 2 untouched), this mean value will also come out on the paper tape.

While the mean value is being printed (and punched), the next integration starts.
The process described above may then be repeated for all desired combinations
of stars as well as of sky.

When the observer has finished with the object, he presses the end button. Then,
the final mean value will appear.

Directly after that, the teletype gives the air-mass at which the object was mea-
sured. Finally, on-line results may be printed by the teletype.

We recall that different filters, etc., may be used for stars and sky in any
sequence and as often as desired.

If switch 4 has been set, the observer has to make a decision for every single
integration. Thus, the decision light will come on after every integration. As in
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the series-mode, the entry of a decision will cause the start and end lamps to
light up. Then the observer has the choice of continuing to measure with the
same set of parameters, of changing it or of ending with the object. Error dis-
play is given as for the series-mode.

At the end of an observing night, the word END should be typed, followed by
carrier return and line feed. An end code will then be punched on the paper
tape, a halt instruction be given in the power failure interrupt cell and the
computer halted.

A flow chart of the normal observing procedure is given in Fig. 2.

Air-mass

The air-mass communicated at the end of the observations of an object is
calculated as X, where

X = sec z —0.00182 (sec z —1) —
—0.00288 (sec z —1)2 —0.00081 (sec z —1)3

Here secz = (sin ¢sind + coscosdcos (t — u))—l,

Where ¢ = latitude of observatory

8 = declination of object

t = siderecal time for measurement
o

= right ascension of object

We recall that the air-mass is communicated only by the teletype.

Gain-checking

If DC amplification is used, gain-checking is done provided switch 7 is not set.
Then the programme checks before each integration that the amplifier gain-
setting is equal to that of previous measurement(s) with the same filter. This
check is made for all measurements of stars as well as of sky. In addition, the
gain-setting for the standard light source is checked against the gain-sctting for
the dark current and vice versa.

If a difference in gain-setting is encountered, the switch register will start
flashing, and a message appears on the teletype. Moreover, no integration can
be started. The decision lamps will be on; the programme expecting the gain-
setting error to be corrected via the decision selector and button.

One of two decisions must then be made: If the actual gain-setting (or filter-
setting) is found erroncous, decision 1 should be given. If the previous gain-
setting is found erroncous or less favourable, decision 2 should be given.

In both cases, pressing the decision button will cause the start and end lights to
go on. In the case of decision 1, the observer can correct his gain (or filter)
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ASSISTANT OBSERVER EQUIPMENT
| GO I
PRESS TELESCOPE
PRESET ] T TELESCOPE MOVES
b ——— —~{ 10 SELECTED
ENTER POSITION
iDENTIFIER AND |——|———————— —
COORDINATES o _| sTarT AND END
CHECK ] LIGHTS ON
DOME POSITION CENTER STAR
OR
POSITION SKY
A 4
SELECT FILTER
ETC.
v
PRESS START
FIRST
CRES OF INTES-NO INTENSITY
GRAT =1 OUTPUT
START AND END
YES LIGHTS OFF .

DIAL COORDINATES
FOR
NEXT OBJECT

NTEGRATIONS

UFFICIENT

PRESS STOP

CHOOSE DECISION
PRESS DECISION

PRESS END

S

NEXT OBJECT

{

STOP LIGHT ON.
INTEGRATION STARTS

_] INTEGRATIONS

CONTINUE.

ERROR DISPLAY

_| STOP LIGHT OFF

LAST INTEGRATION
TERMINATES.
DECISION LIGHT ON

DECISION LIGHT OFF,

—— START AND END

LIGHTS ON

INTENSITY QUTPUT,
AIRMASS

EVENTUALLY
UBV DATA

Fig. 2: Normal observing procedure for serics-mode measurements.
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secting and go on observing. In the case of decision 2, the gain-checking is sup-
pressed. Moreover, in this case the observing can continue without interrup-
tion.

It should be mentioned that decision 0, 4 and 5 have the same effect as deci-
sion 1.

We point out that there is no connection between the decision codes that have
to be used after a gain-setting error and the decision codes to be entered after
an integration or a series of integrations. Finally, we recall that setting of switch
7 suppresses all gain-checking.

Power failure

During the observations it may sometimes happen that the main power declines
for a moment. If this occurs, the computer switches off and halts. As soon as
the power comes on again, a routine is executed which brings back the pro-
gramme to a point where the observing can continue safely. The teleprinter
then gives a warning to reset the counter, to switch on the DC on the punch
and to re-enter the sidereal time.

As the power might have failed while the punch was in operation, unpredict-
able errors may exist on the paper tape. For that reason the programme always
gives rub-out, carrier-return and line-feed characters when the power comes

back.

If a power failure occurs in the initiation phase or when an identifier is being
entered, the programme will return to the beginning of that phase. The obser-
ver can then re-enter the data.

Finally, the power failure may occur while an object is being measured. In this
case, an object-delete code is punched on the paper tape and a “star-delcte”
message appears on the teletype print-out. The programme will then return,
printing two asterisks, and the observer can re-enter the object identifier (and
the coordinates) and start measuring the object again.

On-line UBV reductions

If the observer is using the UBV system, he has the possibility of obtaining on-
line reductions of the measurements.

The on-line reduction programme for UBV measurements is constructed so
that for any object filters other than the UBV ones can also be used during the
same object measurements for which on-line magnitudes and colours in the UBV
system are calculated. If, for instance, UBVH 8 photometry is done, all mea-
surements will be accepted by the teletype as well as the paper tape punch and
the high-speed printer, whereas on-line UBV results will be communicated by
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the teletype only. The on-line UBV reduction programme, as well as the data
acquisition programme, accepts measurements through all different filters in
any sequence and as often as desired.

For practical reasons the on-line reduction programme has been kept fairly
limited. Pre-selected values of extinction coefficients and instrumental constants
are used. Experience has shown that this does not impose any serious limitation
if well up-dated values are taken for the instrumental constants.

The atmospheric and instrumental coefficients and constants, which have to be
entered, are first- and second-order extinction coefficients, colour-equation con-
stants, and (if DC amplification is used) gain-step conversion factors.

A simple choice for the first-order extinction coefficients are the general or
seasonal mean values. With the excellent atmospheric conditions prevailing on
La Silla these mean values will always give a very good approximation. Mean
values calculated for some observing nights directly preceding the night in
question might, of course, provide an adequate alternative.

For the second-order extinction coefficients, standard values can always be used.

The constants for the conversion of magnitudes and colours into the standard
UBV system should always be the values obtained in directly preceding ob-
serving runs. However, even with up-dated values of those constants, great
care has to be taken if filter(s) and/or photomultiplier have been changed and
if one or more of the mirror surfaces have been recently aluminized.

If DC amplification is used, up-dated gain-step conversion factors must always
be used. Any resistor change should be followed by a calibration.

The zero-points of the relations connecting the instrumental magnitudes and
colours to the standard system are defined by means of measurement of a
single selected star. This approach has been taken to achieve simplicity. With
the zero-point standard star properly selected, the zero-points obtained should
be correct within about the measuring accuracy of a normal programme star.

Further, each on-line magnitude for V is corrected to the nearest previous
measurement of the standard light source. In this way any drift in equipment
sensitivity is compensated. If an atmospheric shift of the zero-points should
occur, a new zero-point standard star (possibly the same as before) can be
measured and the zero-points reset.

It should be pointed out that the setting of the zero-points does not cause any
time loss, as the intensities for the zero-point standard star will be given as for
all the other stars.

On-line UBV reductions may be obtained during the whole or part of an ob-
serving night. The on-line reductions can be initiated and terminated for any
object measurement.
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When the observer wants on-line UBV reductions he should:
— set switch 15 when the teleprinter gives two asterisks,

— set switch 10 if the star to be measured is also the selected zero-point stan-

dard.

In any case the teletype will ask for the photometric parameters to be loaded
via the photoreader. When this is done, identifier and coordinates are entered
as normal.

If switch 10 has been set, the teletype will ask for the V magnitude and (B-V)
and (U-B) colour indices to be typed. Then the zero-point standard star can be
measured. A measurement of the standard light source and the dark current
has to be included in this measurement. Starting with the following object, on-
line UBV data will then be communicated by the teletype in all adequate cases.
The on-line reductions will continue for the rest of the observing night without
any intervention from the observer.

If the first star to be measured is not the selected zero-point standard, only
switch 15 is set. The teletype will then at the beginning of every object measure-
ment ask that the standard light source and the zero-point standard star be
measured. If the standard light source (together with dark current) is measured,
the teletype will from then on ask for measurement of the zero-point standard
only. When the zero-point standard star is to be measured, switch 10 has to be
set after the teletype has given the corresponding asterisks. The standard
light source (and the dark current) has to be measured at the latest during
this object measurement. However, the messages concerning zero-point standard
star and standard light source may be ignored.

Once standard light source and zero-point standard have been measured, UBV
data will be calculated and communicated in all adequate cases. Switch 10 will be
reset automatically as soon as the zero-point standard star has been mea-
sured. :

On-line UBV reductions will not be performed if one or more of the UBV
filters are missing for star or sky. Nor will they be performed if the diaphragm
has been changed during measurement. (It may, however, be changed as desired
from object to object.)

If no on-line UBV data appear after a UBV mecasurement for which on-line
reduction is expected, the cause is, normally, that one of the filters is missing
for star or sky. If only a sky measurement is missing, sky interpolation can
then be performed in a final reduction, and there is no absolute need to remea-
sure the star.

With DC amplification, the gain-steps for the three filters have to be equal for
star and sky. This is checked by the programme.
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The parameter (paper) tape should consist of three records, which may be
punched in free field. The first record should contain six coefficients for first-
and second-order extinction coefficients. The second record should contain
seven gain-step conversion factors, and the third record nine constants giving
slopes and zero-points for the colour relations. The zero-points are intended for
compatibility only, as the programme will anyhow set its own constants by
means of the measurement of the zero-point standard star. Provision is made
for the eventuality that the (U-B) colour relation turns out to be non-lincar.

Measurements are reduced for first- and second-order extinction according to:
Vo = Ve =X (Ci (V) + C2(V) x (B-V)y),

(B-V), = (B-V), —X (C, (B-V) -+ C2 (B-V) x (B-V)y),
(U-B), = (U-B). —X (C; (U-B) + Cz (U-B) x (U-B).),

I

wh-. e the index ¢ denotes calculated magnitudes and colours. C; and C, are
the coefficients for first- and second-order extinction, respectively.

Transformation to the standard magnitude and colour system is made accor-
ding to:

Vad = vV, + A x (B-V), + C
(B-V)qu = (B-V), + D x (B-V), + E
(U-B)yy = (U-B), + F x (U-B), + G for (U-B), < H
(U-B)ya = (U-B), + T x (U-B), + K for (U-B), > H

Normally, the two (U-B) colour relations are found to be identical.

Zero-point correction follows as:

Vi = Vi + vV, — V.
(B-V) = (B-V)qa + (B-V); — (B-V),
(U-B) = (U-B)ya + (U-B); — (U-B),

Where V¢, (B-V)°, and (U-B); are the loaded standard magnitude and colour
indices for the zero-point standard star, whereas the V,, (B-V),, and (U-B), de-
note the measured magnitude and colours for this star, reduced for extinction
and colour equation.

Finally, the V magnitudes are corrected for varying equipment sensitivity
according to:

V=Vl—M + M,.

Here M denotes the magnitude for the standard light source minus dark current
taken for the nearest previous standard light source measurement. M,, denotes
the standard light source magnitude for the measurement of the zero-point
standard star.
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PRISMATIC SPECTROGRAMS OF SOUTHERN MK STARS

Alfonso R. Condal, H. John Wood, Hugo Moreno and
members of the Spectrographic Seminar of the University of Chile 1971%

I. Introduction

In this paper we present several series of spectrograms of southern stars with
MK spectral types which were obtained at Cerro Tololo Inter-American Ob-
servatory (CTIO). The spectrograms were obtained by the junior authors as
part of a seminar in spectroscopy given in the ESO Headquarters in Santiago
by Dr. H. J. Wood. The purpose of the paper is to provide, for students and
researchers, examples of the MK standards taken with a small telescope and
fast prismatic spectrograph. Spectrograms of 38 stars are presented. The plate
file of more than 75 stars is available at the Cerro Calin Observatory for use
on future research projects.

The plates are presented here in a format enabling the individual spectrograms
to be cut out and intercompared.

1I. The observations

Half of the plates presented here were obtained by the junior authors on Decem-
ber 14-17, 1971, U.T. A similar set of MK standards which helped fill in gaps
in the plate file was provided by Prof. H. Moreno. The Moreno plates werce
obtained on October 25-28, 1967, with the same instrument and they appear
with slightly greater widening than the present plates in our figures.

The spectrograph was designed and built by Professor W. A. Hiltner specially
for spectral classification work. With a refractive collimator and fast camera,
the instrument gives satisfactory classification spectrograms on 1Ia-O plates
with 20 minutes exposure for 6th magnitude A-type stars. The telescope used
was the number one 16-inch reflector and the widening on the plate is 0.9 mm.
The spectrograms have 120 A/mm reciprocal dispersion on the plate at Hy.

II1. Conclusion

In the figures we have included line-identification of some temperature- and
luminosity-sensitive lines. However, we urge the reader to compare the present
spectrograms with those of the MKK atlas (Morgan, Keenan, and Kellman, 1943)

* L. Campusano B., L. Celis S,, P. Cérdova V., C. Hollemart V., M. Pedreros A.,
M. Peiia, C., C. Sterken, and M. Trujillo L.
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Table 1: Spectrophotometric data for stars of this paper

HR Name m, B-v Sp b-y n, cy B Ref.

99 u Phe 2m39 + 1mQg | Ko IIT

100 | % Phe 3.93 + 0.17 | A7 Vn +0m100 om192 |+0m915 |2mg42| CBG1
322 f Phe 3.30 + 0.89 | G8 111

509 52 1t Cet 3.50 + 072 | G8 Vp + 0.445 0.250 | + 0.247 CB
591 o Hyi 2.86 + 029 |[FO V + 0.175 0.193 | + 0.869 {2.771 | CBG 1
804 86 v Cet 3.47 +0.09 | A2V

811 89 n Cet 4.23 — 013 |[B7 V — 0.048 0.096 | + 0.607 |2.719 | CBG 1
1083 # Ret 4.70 +039 |5V + 0.262 0.158 | + 0.501 [2.667 | CBG 1
1084 18 ¢ Eri 3.73 + 089 | K2V
1325 40 0% Erni 4.42 + 082 |[K1V

1393 43 Eri 3.96 + 1.49 | M1 II1

1674 ¢ Dor 4,71 4+ 053 | I8V + 0.335 0.167 | + 0.338 | 2.618 | CBG 1
1713 19 3 Ori 0.08 —0.03 | B8 Ia

1735 20 7 Ori 3.59 —0.12 | B5 111 — 0.041 0.111 | + 0573 |2.687 | CBG3
1790 | 24 vy Ori 1.64 —0.23 | B2 I1I — 0.091 0.076 | + 0.111 [ 2.614 | CBG3
1865 11 « Lep 2.59 + 022 |FO Ib | + 0.139 0.148 | + 1.504 [2.730 | CBG 1
1899 | 441 Ori 2.77 —0.25 | 09 IIT — 0.094 0.054 | —0.103 [ 2,587 | CBG3
1903 | 46 ¢ Ori 1.70 —0.19 | B0 Ia — 0.032 0.026 | — 0.090 [2.557 | CBG3
1948 50 ¢ Ori 2.05 — 09.51b — 0.061 0.033 | —0.121 | 2,570 | CBG 3
1996 u Col 5.16 —0.29 | 095 V — 0.116 0.058 | —0.110 | 2.598 | CBG 2
2874 HD 59612 4.85 + 023 | A5 Ib + 0.171 0.082 | + 1530|2692 CBG1
3064 9 Pup 5.16 + 0.60 | G1 V
3192 16 Pup 4.40 — 017 |B5 V — 0.069 0.103 0.393 | 2.684 | CBG 1
3498 HD 75311 4.63 —_ B2 Vne — 0.061 0.085 Var. 2.601 | CBG1
3634 % Vel 2.30 + 170 | K5 1Ib

3684 HD 79940 4.62 + 0.46 | F5 111 + 0.291 0.166 0.671 | 2.668 | CBG1
3862 HD 84117 4.93 + 053 GOV + 0.336 0.160 0.384 [2.609 | S
3975 30mLeo 3.48 —0.02 | A0 Ib + 0.030 0.068 0.966 | 2.652 | CEA
4520 | X Mus 3.61 + 0.16 | A7 TI—III | + 0.086 0.179 1.073 | 2.856 | CBG 1
7557 | 53 « Aql 0.77 + 022 | A7 V + 0.137 0.162 0.853 | 2.828 | BS
7747 | 5 ul Cap 4.22 +1.06 | G3 b + 0.571 0.327 0.389 [ 2.617 | CBG I
7950 | 2¢ Aqr 3.77 +0.01 | A1V + 0.002 0.144 1.192 | 2.882 | CEA
8232 | 22p Agqr 2.89 + 0.84 | GO Ib + 0.519 0.424 0.440 | 2.624 | BS
8308 | 8¢Pcg 2.42 + 156 | K2 1Ib
8353 v Gru 3.00 —0.12 | B8 TIT — 0.048 0.104 0.734 [ 2.748 | CBG 1
8634 42 ¢ Peg 3.47 —0.10 | B8 V — 0.035 0.114 0.867 CB
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and An Atlas of Low Dispersion Grating Stellar Spectra, by Abt, Meinel, Mor-
gan and Tapscortt (1968) for details of the classification techniques.

Table 1 lists various spectrophotometric data for the stars which appear in
the figures. The magnitudes, spectral types, and B-V colours are from the
Catalogie of Bright Stars (Hoffleit, 1964). The 4-colour and Hp} photometry,
when available, is from the following sources: The punched card version of the
bright star catalogue (BS), “Standard Stars for uv by Photometry™ Crawford
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Fig. 1: The important remperature-sensitive features are marked. Notice that Mg 11 4481
appears close to He | 4471 ar B7 and that both lines have nearly equal strength.
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and Barnes, 1970 (CB); “TFour-Color and Hp} Photometry [or the Brighter AO
Type Stars”, Crawford et al., 1971 (CEA); “Four-Color and Hf} Photometry for
Bright Stars in the Southern Hemisphere”, Crawford, Barnes, and Golson, 1970
(CBG1): “Four-Color and Hf Photometry for Bright B-Type Stars in the
Southern Hemisphere”, Crawford, Barnes and Golson, 19712 (CBG2): “Four-
Color, H} and UBV Photometry for Bright B-Type Stars in the Northern
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Hemisphere”, Crawford, Barnes and Golson, 1971 b (CBG3); “Four-colour and
H[} photometry of some bright southern stars”, Stokes, 1972 (S).

We are indebted to Prof. B, E. Westerlund for consultations and to Messrs. W.

Edkert and H. Vogel for making the prints, Thanks are due to Dr. John Graham
and the CTIO staff for the award of telescope time for this student project.
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NOTICE

With this issue the European Southern Observatory terminates the publication
of the ESO Bulletins. Articles of general interest will in future be published in
the regular journals.

To avoid confusion we also note that the series “Communications of the Euro-
pean Southern Observatory”, consisting of reprints from the period 1962-69,

has been discontinued following Communication No. 8.

L. Woltjer
Director-General, ESO
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ADDRESSES

ESO Directorate 131 Bergedorfer Strafle, D — 2050 Hamburg 80,
Fed. Rep. of Germany. Telephone: 7 21 30 01,
Telex: 2 17 856. Telegrams: EURASTRO Hamburg.

ESO TP Division (Telescope Project Division),
CH — 1211 Geneve 23, Switzerland.
Telephone: (022) 41 98 11. Telex: 23 698.
Telegrams: CERNLAB — Genéve.

ESO Headquarters  Alonso de Cérdova 3107, Vitacura. Casilla 16 317
Chile — Santiago 9, Chile.
Telephone: 28 50 06. Telex: 3520048,
Telegrams: ESOSER — Santiago de Chile.

ESO Guesthouse Gustavo Adolfo 4634, Santiago de Chile.
Telephone: 48 42 54

ESO Local Office Casilla 27 D. Balmaceda 595, La Serena, Chile.
La Serena Telephone: 1167, 1177, Telegrams: ESOSER —
La Serena.

The ESO Observatory on La Silla can best be reached by mail, telegrams etc.
via Santiago Headquarters (address see above).
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