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ABSTRACT

| A computer-controlled area séanner designed for use on close
vigual double stars is described. Techniques used in making observations
and in subsequent reduction of the data are given. Problems encountered
are discussed. Magnitude differences and magnitudes and colours of
components are given for 153 bright southern close visual doubles. Sepa-
rations are given for some of the stars. Absolute magqitudes are calcu-
lated for the primaries by several methodé. Individual stars are discuss-
ed where appropriate. The accuracy of the results is discussed. No
significant systematic errors are evident in the results but systematic
errors are present in the results of other authors. Suggestioné are made
for the future use of conventional photometers, scanners and other tech-

niques in the field of visual double star photometry and astrometry.
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CHAPTER 1

INTRODUC TION

For many years there has been much interest in double stars
because of their bearing on theories of stellar evolution. Visual double
stars are particularly useful because they offer us the opportunity of study-
ing co.mponent stars separately thus enabling comparison of the physical
properties of stars which are at approximately equal distances from the

earth and which were probably formed at the same time from similar

 material. Many studies have been made using visual double stars. Three

recent studies are those by Stephenson and Sanwal (1969), Mechler (1976)
and Meisel (1968). Meisel lists many earlier studies and others are

mentioned in blater chapters of this thesis. There has been a decrease in
activity in the field of astrometry of visual doubles and not much work is
being done in spectroscopy and photometry of visual doubles. Basic data

are lacking for many visual doubles, especially those in the southern hemi-

'sphene.

This thesis describes an area scanner built specifically to make

- (differential) photometric observations of close visual doubles (roughly in

the range 0.5 ~ 15 arcsecs) but which can yield astrometric information
also. The scanner has been used to obtain magnitude differences on the
UBV system for a sample' of bright stars and hence, via a knowledge of
the combined 1ight> photometry, the UBV magnitudes and colours of theée
stars. As a by-product separations have been measured for some of the

stars.
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Chapter 2 reviews the methods used in the field of visual double
star astrometry and photometry with particular emphasis on area scanners
and on photometry obtained for close visual doubles. Chapter 3 descpibes
the area scanner. used. A key feature of the scanner is a mini-computer
which is used to control the scanning action, data gathering, data display
and data output. Scanning is achieved by wobbling a quartz plate in the
con.vergent light beam just before the focus thus moving a portion of thé
image plane across a slit. Light passing through the slit is measured
by a fast pulse-counting system. Chapter 4 describes the techniques used
to make observations of double stars using the scanner. Chapter 5 gives
more details about certain sections of the scanner.

| Chapter 6 describes how the magnitude differences and separations
were obtained from the raw data. An asS;mmetric fitt.ing function derived
from that given by Franz (1973) was used. Complications occurred because
- the shift of the image is not linearly dependent on the angle of rotation of
the wobble plate. A relatively sophisticated fitting program had to be
uéed because the fitting problem was not well-behaved. In Chapter 7
we describe how the magnitude differences and separations were analysed
to obtain the fina_l magnitudes, colours and separations given in Table I
(Chapter 9). Chapter 8 describes _combined light photometry which was.
done for stars for which no published combined light photometry wﬁs
available. Chapter 9 contains Table I in which the final results are
given for 145 bright stars and 8 fainter stars. Some of the stars are
discussed in remarks and notes. In Chapter 10 we compare absolute
magnitudes obtained for the primary stars by various methods and discués

many of the individual stars. In Chapter 11 we discuss the accuracy of
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our results and of those of other authors. It appears that systematic
errors are present in the magnitude differenzaes obtained by several of the
other authors.

Chapter 12 recommends improvements to our area scanner and
suggesté future work to_'be done with the scanner, with conventional

photometers and by other techniques.
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CHAPTER 2

A SURVEY OF OBSERVATIONAL METHODS IN
VISUAL DOUBLE STAR WORK

A very brief survey of observational procedures has recently
been given by Franz (197.3). Visual methods used in astrometric and
photometric work have been adequately described elsewhere, for example
in I.LA.U. Symposium 17 (Lippincott 1962) and by Wallenquist (1954).
Other methods #re described below with the emphasis placed. on photo-
metric methods.

Multiple exposure photography of doubles using the Hertzsprung
(1920) method yields good astrometric and photometric (magnitude difference)
results (Kooreman 1946, Wieth-Knudsen 1957, van Albada 1958, Thé 1970,
Thé 1975, Strand 1969, Josties et al. 1974). Unfortunately almost all ob-
gservations have been made in the photovisual. No extensive series of
observations have been made in any other system which can be compared
with photoelectric work and no reliable measures of colours have been ob-
tained. The Hertzsprung method is used mainly on stars wider than aboutr
- 2 arcsecs apart as systematic errors occur for closer stars. Strand
(1969) discusses the accuracy of his and other measures of magnitude
difference at‘ some length. We discuss these measures in Chapter 11.

Electronographic cameras have been used to tai{e multiple expo-
sures of doubles with separations in the range 0.5 -~ 8.0 arcsecs. Sepa-
rations, position angles and magnitude differences can be measured (Ables
et al. 1970, Laques et al. 1971, Despiau and Laques 1972). The internal

errors in the separations and magnitude differences obtained are 0.0l -
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0.03 arcsec, 0m 03 - 0710 respectively. The separations and magnitude
differences are deduced from profiles obtained from the photographs using
a scanning technique with a microdensitometer. These profiles look very
much 'like the ones we obtain (see Section 6.11). This technique seems
promising although the errors in the magnitude differences may be rather
high (partly due to local inhomogeneities in the photocathode) and the re-
duction brocedure tedious. Magnitude differences can be measured in
various photometric systems using suitable filters and transfqrmations.
This has been attempted by Despiau and Laques (1972) for the UBV system.
We havé compared their Am(V) results with Am results in the catalogue
of Wierzbinski (1969) and find that there is no significant systematic
error and that the extérnal errors are about equal to the internal errors
quoted by Despiau and Laques. (However See Secfion 11.3 for comments
on Wierzbinsgki's catalogue). Fredrick (1960) has taken short exposure
photographs of doubles using an image intensifying tube.

The use of TV equipment in double star work has recently been
described. Blazit et al. (1975) use an interferometric technique which
can resolve stars of separations down to about 0.05 arcsecs. They hope
the technique will enable interferometric observations to be made on stars
down to 157 or fainter. Dommanget (1975) uses the TV camera as a
high-speed camera so as to minimize séeing effects. As the technique
for data reduction should be similar to that used on electronographic
camera photographs and the range of magnitudes, magnitude differences
and separations also similar, and in view of the cost differential,- it will

be interesting to compare the accuracy and convenience of the two methods.
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Interferometers have been used primarily for astrometric rather
than photometric work. Construction and use of the Mount Wilson
Michelson type interferometer has been described by Anderson (1920)
and Jeffers (1945). For many years an eyepiece .interferometer was
used by Finsen (Finsen 1951, 1954, 1964, 1971) for visual observations
on very close doubles. Finsen (1971) has reviewed double-star interfero-
metry. Other intgrferometers have beep built for use on double stars
in recent years. Several different approaches have been followed. Some
authors in this field are Elliot and Glass (1970), Wickes and Dicke (1973,
1974), Wickes (1975a, 1975b). Breckinridge (1974) and Currie et al.
1974) have also described instruments using amplitudé interferometry.
Wickes (1975b) has used his technique to obtain separations and position
angles for three Hyades visual binaries and shows that the measures have
small errors and are compatible with those obtained by classical visual
methods. The stellar intensity interferometer at Narrabri has been used
to measure the semi-major axis of YZ Vel (Hanbury Brown et al. 1970)
and other bright stars. Twiss (1965) described work on a Michelson
stellar interferometer which it was hoped would be complementary to the

Narrabri instrument and would measure separations down to 0.01 arcsecs

or less using a baseline of 30 - 100 metres. Labeyrie (1975) has obtain-

-

ed interference fringes from Vega using two small telescopes 12 metres
apart. |

The technique of speckle interferometry is_ based on the fact that
seeing degraded stellar images of the order of seconds of arc‘ wide are
formed by the ‘rapid motioﬁ of tiny images of size near the diffraction

limit of the telescope. This can be seen on long focus, very short



exposure photographs (Texereau 1964, Irwin 1975)., A group at Stony
Brook, New York, has used an image tube camera system to take such
photographs of bright stars. The photographs are optically analysed to |
obtain the Fourier transform. Angular diameters of single stars and
separ‘ations and position 'angles of doubles have been published (see
Labeyrie et al. 1974). Angular separations of down to O'.'049 have been
measured fairly accurately. Magnitude differehce estimates are very
rough. Separations of stars with magnitude differences as large as 3 or
4 magnitucies can be measured. Nisenson et al. (1974) have described a
speckle interferometer which does not record the images on film.
Worden (1976) has described digital reduction of speckle photographs.
'This seems to be a very promising technique for astrometric measures
of bright stars with very close, nearly egqual, components.-

Instruments involving rotating wheels (‘choppers') in the focal
plane of the telescope have been suggested and bl;ilt. Bacchus (1959)
built an instrument using a rotating grill in an attempt to measure
separations, position angles and magnitude differences of doubles.
Villamediana and Fredrick (1971) tried a rotating Ronchi grating whereas
Curott and Hegyi (1971) used radial slits on their wheel. An early result -
on M Cas by Hegyi and Curott (1970) did not look very reliable but the
instrument has recently been improved (Curott and Atwood 1974) and used
to measure a magnitude difference and separation for Roés 614 (Atwood
and Curott 1975)., Image dissectors might also be used for observing
double stars although they may not be very suitable. Dissectors are

described by Hoag et al. (1971) and Tifft (1972).
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Various workers have used conventional photoelectric photometers
to do UBV or uvby photometry of the components of visual doubles without
correcting for contamination. UBV photometry has been done on compo-
nents of doubles as close as 4 arcsec by Eggen (1963, 1966a). Wayman
(1962) made UBV measures of the components of visual doubles, correct-

ing for scattered light by measuring the background light in suitable

~ places. His technique was otherwise conventional. Several of his stars

have separations 7-12 arcsecs. Tolbert (1964) has made similar correc-

tions to his UBV measures of stars of about 25 arcsec separation.

‘Breckinridge and Kron (1964) obtained R, R-I meaéures of thé components

'ofl close visual doubles. They measured magnitude differences using a

small circular aperture, deliberately excluding the light in the wings of
each image, and not correcting for scattered light. R and R-I values
were deduced from these magnitude differences and combined light
measures of the stars.
| Smak (1966) observed CE. Caé by a scanning technique using the
fine motion in RA and with the edge of a circular diaphragm used as a
knife-edge. Andrews and Thackeray (1973) measured the fainter compo-
nents of some close visual doubles by slowly trailing the doublé star
images across a small aperture and recording a trace on a Brown record-
er. Budding and Kitamura (1974) observed the eclipsing binary YY Gem
(Castor C) by scanning in declination on a 36 inch telescope.

Wallenquist (1954) tried moving double star images (in and out of
focus) across small diaphragms placed in the light path, estimating magni-
tude differences from galvanometer readings. He suggested use of a

narrow slit. Henroteau (1940a, 1940b) suggested use of a rapidly
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oécillating slit in a compiicated instrument designed for use on double
stars. Fritze (1963) made a theoretical investigation of the likely accu-~
racy of magnitude differences measured by moving a slit or a knife-edge
over thé image of a double star in the focal plane. To test his theory

he made a few observatjoﬁs of € Lyrae (2.85 arcsecs, Am = lr.nl), moving
the image across a knife-edge in the focal plane by rotating a plane
parallel glass plate in the converging light beam. He found that the inter-
nal error of his observations agreed with his theory.

The first area scanner prbper was developed by Rakos at Lowéll
specifically for observing eclipses of Martian satellites. This prototype
scanner has been described (Rakos 1965). It used an oscillating 45°
mirror to move the image across a slit of adjustable width and length.
The light which passed through the slit was measured by a pulse-counting
system with the output recorded on tape and displayed on an oscilloscope
~as a plot of int:ansity versus position. Franz (1966) vused this instrument
.to test the effectiveness of the area scanning technique as applied to photo-
. metry and astrometry of double} stars. Franz gives details of the sirﬁple
analysis. methods used to obtain magnitude differences, separations and |
position angles during these tests. The results were surprisingly good.

Later scanners built at Lowell (Franz 19l70) and by Rakos (1970)
make use of oscillating slits in the focal plane.A The slit oscillations are
controlled by a cam arrangement and driven by a stepping motor. Both
the Franz and Rakos scanners use _multi-—channel analysers to sum and
store the pulse counts for the channels corresponding to the various posi—
tions of the slit‘ as the scans proceed. Hgg (1971) has built a scanner

which, like the one we describe (see Chapter 3), uses a mini-computer
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_ in the data capture process and can operate in other modes as well as
the area scanning mode. Hgg's scanner has 3 parallel ‘focal plane slits,
50 microns apart, each followed by a photomultiplier-pulse amplifier
-system. The image is oscillated across the 3 slits by rogking a double
‘mirror in the converging light beam. The optic axis is shifted sideways
by the double mirror, the amount of the shift being slightly altered-during
the scanning process by the rocking of the mirror.

Rakos, Franz and Hgg all establish which is the first data channel
of each scan by using triggers occurring at fij{ed positions in the scanning
cycle. They add channel one of each successive scan to the sum for
channel one obtained from. all. the preceding scans. Neglecting tracking
errors this means that each channel essentially contains information on
the light from a certain small area of sky whose position with 'respect to
the components of the double varies due to motion of the stellar images.
As this image motion has a frequency éomponent similar to the scafming
frequency the channels at which the centres of the images of the compo-
nents are scanned will vary leading to broadening of the profiles in the
'summed scan. This leads to a loss of resolution. We have used (see
Section 3.4.2) a cross-correlation technique for minimising the effect of
image motion. Rakos (1974a) ﬁas used a different approach. He has
attempted to improve the resolution of his scanner by using a compound
slit. In this arrangement the two sections of the slit are pefpendicular.
The scanning is done with the slit alignment and motion such that the
images of the two components of the double star are crossed simultaneously
by one section of the slit whereas in another part.of the scan the other

section of the slit crosses first one and then the other component. By this
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scheme the image profile corresponding to a single star is obtained
simultaneously with the profile of the double star which is assumed to
consist of two profiles (of different heights) of the same shape as the
pseudo-single star profile. This enables reasonably accurate magnitude
differences to be found, for fairly small magnitude differences at least,

in cases for which the seeing disc is of size comparable to the separation
of the components. For these cases scanning with an ordinary slit and.
analysis by the normal method (see Section 6.1), which fits parameters
describing the shape of the profile simultaneously with those describing
the magnitude difference and separation, would not yield reliable results.
In his paper Rakos gives as an example an observation, made on a 156 cm
telescope, of a 0.68 arcsec double with nearly equal components. A

. Fourier transform technique could be tried for estimating the magnitude
difference in the analysis of the simultaneously obtained double star and
pseudo-single star profiles. This method is described by Dicks and

van Rooyen (1973).

The development of arrays of photosensitive cells should make
poséible true, two-dimensional, area photometry. Nather (1972c) has
suggested a 10 x 10 array which could be used to observe double stars
as well as stars in nebulosity and faint stars. -

.Both the Rakos and Franz scanners have been used to make '
large numbers of observations of double stars as well as Qarious other
observations. Scanners of the Rakos type havé also been uéed by
several other workers. Only scattered results have so far been published. 7
Franz and Millis (1971) used the area scanner to search for anomalous |

brightening of Io after eclipse by Jupiter. Pric'e et al. (1971,  1972) have
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used the scanner for observing eclipses of the Galilean satellites. Scanning

has also been used in conjunction with other techniques at Lowell. Boyce (1966)

has used scanning with a spectrophotometer and Boyce and Albrecht (1973) used

‘this scanner for observations of Mars. Hall (1968) has described a scanning

polarimeter which has been used (Hall and Riley 1968, Riley and Hall 1972) for

- polarization work on Mars, Jupiter and the moon. Results of observations on variable

visual double stars have been published by Franz's group (Franz, Millis- and
White 1971; Franz 1972; Franz and White 1973). Dlrbeck (1972) has made
various. exploratory observations of double stars, a globular cluster,
several galaxies and the planets. Clements and Herman (1974) have de-
scribed a methpd of  removing the blurring effects arising from seeing and
from instrumental sources so as to recover the original intensity distribu-
tion of an extended source. They list other authors who have observed
extended objects and illusrate their technique as applied to observatiohs
of _Safurn and its rings. Rakos (1972) has shown that his scanner can

give consistent results for magnitude differences and separations of visual
doubles with no systematic errors. Lohsen (1975) used a Rakos scanner
to observe the eclipsing binary BM Ori in the Trapezium. Three of
the other bfight stars in the Trapezium were included in the scans so as
to be used as comparison stars. During the observations it was dis-
covered that € Ori A is also an eclipsing binary. Rakos (1974b) has
measured Sirius B using an area scanner and a special reduction technique. .
Rakos's result has been criticized by Lindenblad (1975) who suggests that

a diffraction ray from Sirius A probably upset Rakos's estimations of the
background (scattered) light. It is unfortunate fhat Rakos does not report

the number of observations made on each of the two nights for which he
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gives UBV photometry of Sirius B. Neither does he give any indication

of the scatter of the observations on each of the nights. However the

- fact that the ‘B magnitudes quotéd for the two nights differ by 0760 whereas
the V, U magnitudes differ by % 29, 034 respectively suggests that the |
sixth order poiynomial used to describe the scattered light curve does not
correctly estimate the scattefed light under the profile of Sirius B, the
error being worst for B because there was probably the most scattered

light in this colour. |
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CHAPTER_ 3

EQUIPMENT

3.1 Introduction

The area scanner forms part of the U.C.T. mini-computer
'controlled photometry system. The system has been used for high-speed
photometry (Warmer 1975), observations of lunar occultations (Harwood
et al. 1975) and spectrum scanning (Walker 1976a, Walker 1976b). The
author did not design or construct any of the equipment except for a few

minor parts;

3.2 Description of the photometer

The photometer is used at the Cassegrain focus. It is of modular
construction and consists of an offset guider, a turntable, a filter box
and a photomultiplier tube rhodule. The segtions are bolted together allow-
ing rapid changing of modules. The offset guider, filter box and photo-
multiplier tube module are common to all configurations. The turntable
can be replaced by a spacer module for high speed photometry work ‘and
a different spacer module is used in addition to the turntahle for the
spectrum scanner. The photometer as used in the area scanning mode is
schematicaily illustrated in Figure 1.

The offset guider has a movable 45o mirror which reflects the
incoming light towards a wide angle Erfle eyepiece. A system of baffles
is used to enable this eyepiece to be moved in both horizontal and verti-
cal directions., The horizontal travel is about 70 mm and the vertical.

travel about 100 mm. The eyepiece is normally set at the centre of the
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field while operating iﬁ the area scanner mode. Once the reduired star
has been centred in the field using the Erfle eyepiece the 45° mirror is
mt\)ved so that the light from the central portion of the field passes through
a hole in the mirrof and into the turntable module.

The turntable module contains a transmission grating for use in
the spectrum scanner mode and two '"wobble plates'. A "wobble plate"
is a piece of optical quality quartz or'fused silica with polished flat
surfaces. The grating and the plates are mounteci on a shaft which is at
right angles to the optic axis. The desired grating or wobble plate or a

clear aperture can be selected by moving a slide along the shaft. The

" shaft can be rotated by a Computer Devices Miniangle Motor Model

23H-05C which is geared to the shaft. This motor is driven by a
Computer Devices Rapid Syﬁ Driver Model M43020-;12. 5 Volt logic
pulses for the driver are supplied by the controlling mini-computer (see
Section 3.3). A battery charger in parallel with a car battery forms a
stabilized 12V power supply for the driver.

The light passing through a wobble plate is refracted by aﬁ amount
depeﬁding on the angle of incidence on the plate, the thickness of the plate
and its refractive index. The sideways displacement of fhe beam is non-
linearly dependent on angle of incidence (see Section 6.2).- The shaft,
motor etcetera are in the portion of the turntable module beneath the
bearings which allow the lower modules of the photdmeter to be rotated
about the optic axis. There is a locking device so that tﬁese modules
can be locked at any desired angle of rotation. There is however no circle
for reading the angle of rotation. Field illumination is supplied by light

diodes mounted at the bottom of the turntable module.
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The focal plane aperture slide is mounted at the top of the filter
box module. The distance betweenvthe wobble plate and the aperture
slide is about 40 mm. On the slide there is a range of circular aper-
turesl and slits. The length of a slit can be limited using an iris dia-
phragm immediately below the aperture slide. In the area scanning mode
0
on either side of the position where the plate is perpendicular to the
light beam) thus moving a portion of the image of the field under observa-
tion to and fro across a suitable slit.. The wobble plates and slits are |
aligned so that the motion of the image is at right angles to the slits.

Beneath the iris diaphragm there is provision for inserting a
neutral filter. The apertures and_ slits are viewed using a periscope and
a zoom eyepiece. The periscope slides in to a position underneath the
neutral filter holder. A fused silica Fabry lens and a 6 pbsition filter
wheel are situated in the lower part of the module. The filter wheel
can be rotated by a SLO-SYN HS25 stepping motor. In area scanﬁer
operation the filters are manually selected.

Various photomultiplier tubes can be used (see Section 5.5). Each
is mounted. ingside a cylindrical brass or aluminium casing which is fixed
onto an aluminium plate to form a module which can then be bolted onto
the bottom of the filter box. A dark slide is incorporated in each case.
None of our tubes are cooled. The tubes are used in a pulse counting
mode with an SSR Model 1120 pulse amplifier/discriminator fixed onto the
photometer very close to the tube so that the lead from the tube to the
input of the amplifier is less than 100 mm long. The SSR Model 1120

has an adjustable discriminator and produces short umitized (about -1,5
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Volts) pulses. The dead time is 25 ns - 50 ns in the amplifiers used by
us. The pulses from the output of the amplifier are sent to the computer.
More details about certain crucial parts of the photometer are given

in Chapter 5.

3.3 The mini-computer and ancilliaries

The core of the photometry system is the Data General NOVA

« 1200 mini-computer. The use of a NOVA 1200 in a similar system has

been described in a paper by Nather and Warner (1971). An interface

board mounted in the computer contains two digital counters, logic to

process externally supplied 1 KHz timing pulses and logic to control

a CRT digplay. Nather (1972a, 1972b) has described the design and con-
struction of such an interface board. The iiming pulses are supplied by
a Patek Philippe GN 4Z 24E quartz crystal clock. A Tektronix 604
Monitor w_hich has a 130 x 100 mm screen is used for visual display of
the data. Suitable 10 b1t digital /analogue converters, mounted on the rear
of the monitor, are used. A Teletype ASR 33 is used for input/ouput.
The programs are read in on 1 inch paper tape and the data punched on
1 inch paper tape and printed on the typewriter. The keyboard is not
used in the area scanning mode but it is used in other modes. The NOVA
1200 has 16 front panel sense switches whigh can be exaﬁined during

execution of a program.

3.4 The ASHCAN .program

'The scanning process is controlled by the computer usmg a pro-~

gram called ASHCAN which was written in ASSEMBLER language by
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R. E. Nather in 1972. Programming techniques are described by Nather
and Warner (1971) and by Nather (1972b). The interrupt facility which
permits parts of a program to be ‘executed at regular intervals is central
to the programming philosophy. When the interfupt is activated (by the
externally supplied timing pulses) the instruction being executed is cc;m—

pleted, the address of the next instruction stored and control transferred

.to another address. After the appropriate task has been performed control

is transferred back to the stored address and the program continues.
During area scanning the ASHCAN program controls the stepping of
the motor, the counting of the pulses from the photomultiplier tube, the
visual display of the incoming data and the accumulation and storage of
these d#ta. The starting and stopping of the stepping action and of the data
accumulation as well as the selection of various options in the prOgram is
done via the front panel sense switches on the computer. The ASHCAN
program is described below. A description of the function of the various
switches is given in the operating instructions for the program in Appendix

1. ‘The program is used with 8K of memory.

3.4.1 The scanning action

The stepping motor (and its attached load) requires a short
acceleration period before it reaches constant speed. It also requires a
deceleration period and a settling time at each reversal of rotation direc-
tion. Using a step interval of 2 ms (the shortest convenient interval con-
sistent with reliable operation of the motor) the acceleration is achieved
by lengthening the interval between the first and second step by 1 ms to .

3 ms. The deceleration is done similarly and 5 ms is allowed for the
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motor to settle before the acceleration in the reverse direction is begim.'

| Before scanning is started the wobble plate is set 'flat" (i.e.
perpendic;ular to the optic axis) by the observer. Scanning begins when
the correct sense swtich is put up. The stepping motor is initially driven
61 steps in one direction. The motor is then accelerated in the reverse .
direction as previously explained and stepped 120 steps at 2 ms per. step
before being stopped again.- The image in the focal plane is thus swept
across the slit. If the data capture switch is up then the pulses arriving
at the computer from the photomultiplier via the amplifier are counted
by one of the digital counters during each 2 ms interval. At the end of
an interval the total number of‘cmm.ts for the interval is transferred to an
appropriaté storage area. We thus obtain a 120 bin record of the intensity
distribution across an area of the focal plane. After the settling time has
elapsed the rotation direction of the motor is reversed and the acceleration
step,_v 120 data-recording steps and deceleration step are made in the new
direction. At each reversal of direction allowance is made for backlash
in the gears between the motor and the wobble plate shaft by inserting
extra stepé before the 120 data-recording steps. The number of such
steps is a program variable, the "backlash constant", which can be altered
by the observer when necessary. The first 120 data-recordiﬁg stebs are
called by us the "forward scan", the second 120 such steps the ''return
scén". The word ''scan' is also loosely used to mean the total counts in
each of the 120 bins corresponding fo a scan. The forward and return

scans continue at nearly 4 scans per second as long as the sense switch

'controlling the motor is up. Whenthis sense switch is put down the motor

completes thé current cycle and then parks at the central position (i.e.
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with the wobble plate 'flat'). Data recording is stopped by putting the

data- recording switch down before the motor is stopped.

3.4.2 The summing of the scans

The scans can be. summed' by the program in two ways. One way’

is bin-wise addition of the bin totals for each scan to the sums of the

“bin totals for the previous scans as soon as the scan is completely i.e.

add total in bin 1 of latest scan to the sum of the totals in bin 1 for all
previous scans etc. For several reasons this option of the program was
not normally used. It was found impossible to estimate the backlash con-

stant accurately and, furthermore, the actual backlash was not quite con-

 stant. This means that the scans do not necessarily cover the same piece

of sky. Thus the bin number corresponding, for example, to the centre
of a star image may vary slightly from scan to scan. If the telescope
tracking is not very accurate the field being scanned will drift appreciabl&
during an observation. The component of this motion in the direction per¥
pendicular to the slit will cause a systematic change in the bin number
corresponding to any feature in the» scan. On some nights the image
motion is sufficient to cause a small scan-to-scan shift in the bin number
correéponding to the centre of a star image. |

All the above reasons made it desirable to use the other summing

method for which the program makes provision. Under this option each

incoming scan is compared with the sum of all previous scans (called the

"accumulated scan") before being added to it. A correlation function is

calculated by multiplying the totals for like-numbered bins in the

accumulated scan and in the latest scan and adding the products. The



b o

22.

totals (counts per bin) for the incoming scan are then shifted one bin and

the correlation function is calculated again. Once the direction has been

~ found which increases the value of the correlation function then the pro-

ceduré_ is repeated, shifting one bin at a time, until the function value
starts to decrease. The number of bins shifted in order to get the maxi-
mum value of the correlation function is stored and the bin totals for the
incoming scan are shifted by this number of bins before being added to

the accumulated scan. The maximum shift is set at 16 bins. For scans

after the first two the search for a maximum begins with a shift equal to

the last shift found. If no maximum of the correlation function is found
at a shift of less than 16 bins or if no maximum is found in the time
available then the scan is rejected. This implies that if ‘the backlash con-
stant differs by more than about 20 steps from the actual backlash then
only the forwérd scans will be added whereas if a large tracking error
occurs then none of the scans will be added until the telescope is reset.
The shifting before adding means that the bins on each end of the
accuﬁulated scan will not always receive an increment when a scan is
added. For example if a scan gives the maximum correlation with the
accumulated scan when it is shifted so that bin 1 corresponds to bin 7 of
the accumulated scan then the first 6 bins of the accumulated scan will

have Zero added to them when the latest scan is added. Thus 16 bins

- on each end of the accumulated scan are potentially deficient in counts

when this option is used and they are therefore not used in calculating
the correlation function.
In order to allow for scans where the total number of counts in

each bin is so small that the noise in these totals makes use of the
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correlation option unreliable another option is available. Under this
option a constant number of forward scans and, separately, the same
number of return scans are summed without correlation or shifting before

being added to the accumulated scan using the correlation procedure.

3.4.3 The display

The number (say N) of scans added before correlation and the total
number of scans currently accumulated are displayed alphanumerically at
the top of the display screen. The rest of the screen is used to display
a plot of the latest completed N forward scans (on the left) and one of the
latest completed N return scans (on the right). An option allows the mean
scan (the accumulated scan divided by the number 6f scans accumulated)
to be displayed on the right hand side of vthe screen in place of the r.eturn
scan. The display is "refreshed" often enough to avoid flickering.

© On the plots of the scans a light dot is displayed for every bin,

bin numbers increasing to the right on the X axis and counts per bin
increasing up the Y axis. A 256 point resolution is used on the bin number
axis so some space can be left between the left and the right hand plots.
A 1024 (=210) point resolution is used on the counts/bin axis. The NOVA
has 16 bit words. Ordinarily the 10 most significant bits are transferred
to the 10 bit register used by the display routines in the program to deter-
mine the Y coordinates of each displayed point. Howevgr since the counts/
bin totals are usually very much léss than 21‘6 the plots tend to be squaéh-
ed up on the XAaxis. An option therefore allows less significant bits to be
displayed. Each on/off aqtion of a certain sense switch causes a 1 bit

shift so after 6 shifts the least significant 10 bits are being displayed.
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‘In order to allow for a still greater multiplication of the plot size 4 more ;

shifts are allowed, the least significant bit in the Y display register .

being zero filled after each shift. Thus after scaling by a factor of 210

we have a 26 = 64 point resolution, with 63 being the full-scale value.

"~ As the screen is marked with a half-inch grid, there being 8 intervals

on the Y axis, it is easy to estimate the number of counts in a bin in the
individua‘l or accumulated scans at any stage. This is useful as it allows
the observer to monitor the data accumulation fairly closely. He can,
for example, estimate the number of counts in the bin corresponding to
the centre of the image of the secondary and use this in deciding when to
stbp the data accumulation (see Section 4.3). In the bit shifting process
described above a non-zero bit may be shifted out of the most significant
end of the register. This is not detected so thai the poiht concerned
appears on the screen as far from the bottom of the screen as it should
be above the top. This "wrap around" feature is useful as it enables

greater magnification to be used to view smaller features without losing

the highest points on the plot altogether.

3.4.4 Data output

Outpﬁt is controlled by one of the sense switches. When this
swétch is put up the accumulatéd scan is transferred to a buffer in
memory. Printing and punching of the contents of this buffer is then
begun automatically. Data collection should be stopped before the output
éequence is begun. However, because of the use of the buffer, a new
accumulated s‘can can be begun while output is in- progress. Output is

done via the ASR33 typewriter and tape punch. The number of scans
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added together before correlation, the total number of scans accumulated
and then the total counts in each of the 120 bins are typed and punched.

Punching is done in ASCII code. Only 7 bits are used, the parity bit

being omitted so as to save time. Typewriter carriage return and line

feed characters are punched. Output of one accumulated scan takes about

100 seconds. This is comparable with the minimum time needed to

"accumulate sufficient scans on a bright star. It is planned to output data

to magnetic tape instead of using the Teletype. This will prevent the

~output time from influencing the time needed to make a complete observa-

tion of a star.
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CHAPTER 4

"MAKING THE _OBSERVATIONS

4.1  Introduction

The ease with which the photometer can be altered from one mode
of operation to another makes it possible to make observations of various
types on the samé night. It normally takes about 30 minutes to change
modes. The scanner can therefore be uéed during gaps between occulta-
tions or high speed photometry mode observing. Since the scanner can
give good results under non-photometric conditions provided the seeing is
goodl (see Section 4.4) we can frequently use observing time which would

be wasted by other photometric observers.

4.2 Prepéring to observe

The ASHCAN program is read into the computer and execution

started. One of the two wobble plates is placed in the light beam at

.right angles to it (i.e. angle of incidence is zero). The aligning is done

by eye using marks on the visible portion of the shaft. The power to the
stepping motor is then switched on vthus lockingAthe shaft.

With the aperture-viewing eyepiece in position the telescope is
focussed in the ordinary way on a suitable star, usually one of the doubleé
on the observing list. Then one of the focai plane slits is moved into
position so that the star image is on or near it. The viewing eyepiece
periscope is then withdrawn, the plate is wobbled and the data recording
started. Plots of the forward ahd return scans are displayed on the screen.

It is normally found that the peaks on the plots corresponding to the
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images of the stars in the focal plane can be made sharper by further
small adjustments to the focus. This is probably partly due to the slits
not being in exactly the same plane as the circular apertures. Eocussing
is discussed further in Section 5.86. .Once a satisfactory focus has been
obtained the backlash constant (see Section 3.4.1) must be checked. If
the features on the forward_ and return scans are displaéed relative to one
another (i.e. the features appear at different bin numbers) then the back-
lash constant is wrong. The backlash can be most easily checked by
displaying the return scan and the mean accumulated scan, alternatively
in rapid succession, on the right haﬁd side of the screén (see Section
3.4.3). Since the accumulated scan is based on the first forward scan
any observed displacement of features between the reverse and mean
accumulated scans indicates a displacement'between the forward and re-.
verse scans. If a displacement is evident the number of bins by which
the features are displaced must be estimated. The program is then
stopped and a suitably altered value of thg backlash constant inserted in
the correct mémory location using the control switches on the front

panel of the NOVA. The program {s restarted and the checking procedure

is repeated until no displacement is evident.

_ 4.3 Observing a double star

‘The wobble plate motion is stopped dﬁring acquisition of a. star.
The slits are moved out of the light beam and a circular aperture inserted
centrally. The star is located and roughly centred using the Erfle eye-
piece of the offset guider. The lower parts of the photometer ar'e then

rotated until the line between the two components of the double, as seen
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through the viewing eyepiece, is parallel to the bottom plate of the filter
box. This is generally referred to as the horizontal position. There are

two advantages in aligning the stars this way - the images cross the slit

“at the same point thus avoiding errors in the magnitude differences caused

by a non-parallel sided slit and the separation of the components can be
measured. The components are centred in the circular aperture before

it ié replaaed by a slit, usually the narrowest available. The slit is
usually positioned so that it lies between the images of the two components.
This is easy to do as the light from all but the faintest stars> can be seen
through the slit. The wobbling and data recording are then started.

If the peaks due to the two stars are far from symmetrically
placed with respect to the central channel of the displayed scan then the
slit or telescope is moved slightly until they are reasonably symmetrically
placed and data recording begun again.

If the separation between the components is large the peaks .’may
be too far apart on the scan. In this context too far apart means more
than about 60 bins apart. If the peaks are further apart than this they
will be badly defined because they will 4encroach on the 16 bins on either
end of the scan which suffer losses (see Sections 3.4.2, 6.9 and 6.11).

If the thinner of the wobble plates is being used thev peaks can be brought
closer together on the scan by changing to the thicker plate. Otherwise
the turntable can be rotated so that‘ the line. joining the two components
makes an angle with the "horizontal" aad hence less than a 90° ahgle with
the slit. The component of the separation at right angles to the slit is
therefore decreased and the peaks on the scan appear closer together.

The advantages of "horizontal' scanning are then lost.
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It sometimes happens that the first forward scan is a very poor
shape. ‘This results in the accmnulated scan having a poor shape too and,
. although this will eventually improve, it is worthwhile stopping and restart-

ing the data recording, if necessary several tfmes, until a reasonable
first scan is obtained.

If the components are so faint that the individual scans do not have
a recognisable hump corresponding to the position of one of the components
then the option under which several scans are added before correlation is
used (see Section 3.4.2), 4 or 8 scans being usually added. However the
use of the option is avoided where possible as the peaks in the accumulated
scan are broader than they would normally be.

Scanning is continued until a reasonably smooth plot is obtained for
the accumulated scan. In most cases there is a perceptible peak due to
the secondary and it is this peak that should. be used in deciding when
enough scans have been made,; A rough calculation of the number of
counts in the central bin of the secondary peak in the accumulated scan
can .be made since we know the total number of scans accumulated and
‘the scale being used on the display screen and we can estimate the height
of the peak on the plot of the mean scan. The scanning can be sl;opped when
some arbitrary number (e.g. 10000 implying a noise level of about
14 per cent if noise is équal to m of counts is reached in this parti-
cular bin. It has been found however that the gain in accuracy achieved
by continuing the scanning after the peaks appear smooth does not justify
‘the extra time taken. In cases where the secondary is so faint or so
close to the primary that it does not show a distinct peak on the displayed

plot it is advisable to estimate the number of counts in the central bin



30.

of the secondéry "peak" using an estimaté of the number of counts in the
centrél bin of the primary peak and a previous estimate of the magnitude
difference. |

Once sufficient scans have been made the data recording is stopped
and the output .started. " The filter is changed and data recording begun
again. This procedure is continued until an accumulated scan has been
obtained using each of the three .filters. Sometimes extra accumulated
scans are obtained with one or more of the filters. On brightér stars
with small magnitude differences sufficient scans are sometimes made
before the output of the previous accumulated scan is completed. This is
not a serious problem ag the extra time used is less than a minute.

We record in an observing log a sequence number, the star name,
the orde riné of the filters used, the thickness of the wobble plate used, and
whether the star was observed horizontally or not.. Comments on cloud, seeing,
the wind, equipment status and malfunctions and the like are also recorded.

Sometimes the time, sidereal time, hour angle or zenith angle is recorded.

4.4 QObse rvational conside rations

In practice obgervations were only attempted when the seeing was
better tﬁan about 3 arcsecs. Many of the observations were made in good seeing
(1 to 13 arcsecs), many more in very good seeing Gtol .arcsecé), r;md a few
in exceptionally good seeing (less than 1 arcsec). Normally the components
appeared more clearly separated as viewed through the eyepiece than they did on
- the displayed scans. There are at least two reasons for this. Firstly the eye sees

the edge of the seeing disc at a position where the intensity is in fact still 10 or 20
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per cent of the intensity at the centre of the image. Secondly thé slits
uséd in the scanner are quite wide (see Section 5.4) so the peaks in the
scans are broadened relative to their separation.

| .It did not happen frequently that bad seeing alone prevented the use
of the scanner. Records kept at Sutherland during 17 mt;nths in 1972-3
showed that about two-thirds of all usable nights had seeing less than or
about two arcsecs (Harding 1974). We were able to observe through thin

cloud or haze on many occasions. It frequently happened that the seeing

"was very good (3 - 1 arcsec) when there was thin cirrus in the sky.

Serkowski (1970) and Honeycutt. (1971) have shown that clouds are nearly

neutral absorbers. Serkowski obtained d(U-B)/dV and d(B-V)/dV equal to
-0.007 for cumulqs and stratocumulus clouds with drops_ of about 6 microns -
in size and even smaller colour changes for clouds with larger drops.
Honeycutt obtained smaller changes than Serkowski. These changeé in
colour are very small. We have assumed the components of a double
to be equally affected by extinction due to cloud. This is reaspnable as
we essentially measure the components simultaneously through nearly
identical cloud. OQur magnitude differences are therefore not corrected in
any way for the presence of clouds. In practice we found that we could
make observations through cloud provided the seeing was good, the image
motioﬂ srﬁal_l, and the extinction not greater than about 3 magnitudes and
not too rapidly varying. Very few observations were actually made with
extinction greater than about half a magnitude but many were made with
extinction of one or two tenths of a magnitude. |

‘Since we are concerned with measuring magnitude difference and

separations of close (visual) double stars we do not have to be very
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painstakipg in our observational procedure. In particular we do not
attempt to observe all doubles at equal altitude. In fact we do not usually
record the zenith angle of our observations and xﬁake no corrections for
atmospheric extinction. We 'assumé that the components of a double suffer
identical atmospheric extinction over the bandpass of any filter. In this
case the magnitude differences in V, B, and U are not affected by extinction.
There are however second order effects so that for a double éonsisting_
of stars of very different colours observed at a very large zenith angle
errors of a few hundredths might occhr. In practice we very seldom
observed at zenith angles greater than 45 degrees.

The photomultiplier vtube-pulse amplifier /discriminator system was
tested at high count rates iﬁ order to determine coincidence losses. For
"an amplifier built by R.E. Nather Iosses became significant at much less
. than 106 counts per second but for the SSR Model 1120's significant losses
only started at about 106 counts per second (see Section 5.5). In our
observations the maximum count rate occurs when the image of the primary
star is centred on the slit. Normally much less than all the light in the
star image passes thfough the slit because the width of the seeing disk
is greater than the slit (see Section 5.4). Thus the maximum count rate
for most stars is relatively low and coincidence losses are not a problem., .
For very bright stars the telescope dome was used as an aperture stop -
in order to keep the count rate down. In fﬁture neutral filters will be
used. Coincidence losées would be expected to cause relatively flat topped
peaks for bright primary stars. No definite occurrence of coincidence
losses has ever been detected in this way. However it should be pointed

out that it would be hard to detect this efféct. Coincidence losses would
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depress the magnitude difference of a double belo§v its time value. Since
the magnitude difference deduced from an accumulated scan is obtained
using the total counts in at least 88 of the 120 bins (see Chapter 6) and
not just the bins containing the highest totals it would be in error by very
much less than the error of the highest point would suggest should coinci-
dence losses occur. So'only a very small systematic decrease in the
magnitude differences might be expected. This would again be 'hard to
detect.

Almost all the observations so far have been made with the viewing
eyepiece on the south side of the telescope (bet\veen east and west). This
means that for most stars the turntable was always rotated in such a way
that the same component appeared on the left of the scan as displayed on
the screen. In the case of stars observed '"non-horizontally" the same
component was usually "higher'" up the slit (as viewed.through the eyepiece).
Practical difficulties in observing with the eyepiece on the north dictated
this policy. It would have been better to have observed each star twice
per night, with the turntable in two positions 1809 apart. This woﬁld have
decreased the possibilities of systematic errors. It would have nearly
halved the number of stars observed per night. However it is possible
this last result would have been compensated for to some extent in that it
would probably not have been necessary to observe each star on so many
nights. |

It was found difficult to guide the telescopes during scanning. If
a tracking error occurred we frequently stopped the data recording and,

if sufficient scans had not been accumulated, began again.
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It was found that an observation of a star (U, B and V) normally’
took 12 to 15 minutes. At least 300 scans (about 4 scans per second)

were usually made with each filter. Faint stars required more scans

‘and observations on stars with a faint companion‘ took up to about 30

minutes. Usual}y thié was because of insufficient counts in the U band.
Sometimes over 2000 scans were made with the U filter in position. An ‘
appreciablel amount of time is spent Setting on the star's position, locating
the star and positioning it relative to a slit. As stated earlier (Section
3.4.4)>slowness of output sometimes caused small delays. It is our

opinion that no really worthwhile speeding up of our observations is possible
in the case of bright stars. However for faint stars observations with a

larger telescope would be faster.

4.5 Comments on seeing

The use of the area scanner is of course very dependent on the
seeing. Scanners make good seeing monitors and it has been suggested
that they be used in studies of seeing. In our system the visual display 3
of every scan (or every second scan) enableé us to maintain a close -
watch on seeing conditions. However we have not attempted_any analysis
of the seeing. We therefore confine our comments to a few general
remarks.

Since we used our scanner on intermediate size telescopes we
suffered from the effects of seeing proper (the size of the seeing disc) as
well as image motion and scintillation. Changes iﬁ transmission weré alsb
noticeable. We found that the sizel'of the seeing disc was often highly

variable during a single night. Seeing was sometimes very patchy over
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~ the sky but usually was worse at greater zenith angles. We also found

that the seeing disc tended to be larger for U than for B or V. We

sometimes had to stop scanning a star because of a sudden change in the

-gize of the image discs. We often noticed apparently coherent image

motion for‘our program stars whereas we seldom suspected appreciable
differential motion. This is not surprising since most of our stars had
separations of 2-10 arcsecs. Rakos (see Franz 1971) had tried scanning’
at 20 scans per second (as opposed to our 4 scans per second) and finds
that the image motion between scans is then negligible.

Scintillation is very noticeable on our displayed scans because
counts are recorded for only 2 ms in each bin with the whole scan taking
only  second. The scintillation and scintillation frequencies seemed to
be highly variable. TUnfortunately we did not take any photographs of
scans displayed on our screen so we cannot illustrate typical cases of
scintillation. A very poor picture of successive individual scans which
shows the effects of image motion and scintillation is given by Rakos
(1970). Scintillation was very occasionally a serious problem in that there

would not always be a peak on the scan and we could therefore not trust

our correlation process (see Section 3.4.2).

We frequently find that the successive individual scans show great
variations in appearance due to scintillation, image motion and rapid
changés in the .size of the seeing disc. It would therefore seem possible
to greatly improve the resolution of an area scanner by using only a
suitable selection of the scans made. This has been previously suggested
(see Franz 1971). It is however very difficult to know how to select the

"best" scans especially for stars with large magnitude difference. We have
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Seen scans where a companion several mag‘nitudes' fainter than t'he primafy
has given a peak of nearly .equal height. There is a great danger of
in'troducing a systematic error when rejecting the apparently poorer scans.
One might expect the separations to be measured too small and the
magnitude differences either too large or too small depending on the
criterion used for selecting/rejecting scans. Aftér the observations here
published (Chapter 9) were completed experiments were started (by others)
to develop criteria for on-line selection of scans by our scanner. These"

experiments have not yet been concluded.
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CHAPTER 5

HARDWARE DETAILS AND CALIBRATIONS

5.1 The wobble plates and their gearing to the motor .

| ‘Originally only a 3.00 mm thick, 30 mm diameter, quartz wobble
plate was used. This was mounted alone on a shaft to which the stepping
motor was connected by a 4:1 gearing. The gears used were of the pik
band type. Later a 5.00 mm thick, 2§ mm diamete r, fused silica plate was
obtained and the two plates and a transmigsion grating (see Section 3.2)
were mounted on a shaft to which the motor was connected by a 4.032:1
gearing. Here the gearing consisted of a worm and toothed wheels. Both
the original and the later gear systemé had backlash.

The stepping motor used to wobble the plates made 200 steps per
revolution. The rotation of the wobble plate shaft was thus 0.45 degrees
per step for the 4:1 gearing and slightly less for the 4.032:1 gearings
| and the maximum rotation was about 27 degrees.

In order to calculate the bin positions (see Section 6.2) for the
passbands corresponding to the‘ various filters, values of the refractive
.index n were required. It was assumed that thé effective wavelengths'

of the filters were as follows:
‘U 3600 Angstroms
B 4400 Angstroms
V 5500 Angstroms

Values of n were found by ihterpolatibn in tables given by Allen (1963).
The positions of the bins were then calculated (using fprmula [6.2]) in ar-
bitrary units as explained in Section 6.2. In the fitting program only the
positions for the 3,00 mm wobble plate and the 4:1 gearing were used

(see Section 6, 2).
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5.2 The scale factors

The fitting program gives the separation between the components
of a star in the arbitrary units. The scale factor needed to convert
these units into ércsecs depends on the wobble plate and gearing used and
on the image scale of the telescope used. The scale factor should depend
very little on the filter used as an attempt has been made to reﬁlove this-
dependance by using different bin positions for the fitting of the scans .
made with the various filters. Tests showed that for thé 3 mm plate
with 4:1 gearing. any dependance of the scale factor on the filter was en-
tirely negligible and for the 3 and 5 mm plates with 4.032:1 gearing
it was very small, less than 0.5%. (These tests were doné by summing,
separately bfor each filter, the fitted separations in arbitrary units for a
number of observations). The résidual dependanée found for the 4.032:1
gearing probably occurs because the way the positions of the bins for
this gearing change from filter to filter is actually slightly different from
that in which the positions change for the 3 mm plate with 4:1 gearing.

In practice the same scale factor was used for all filters for a
particular wobble plate, gearing and telescope (see Section 7.5)." There
are two nﬁethods by which this factor can be obtained. |

One method is to observe stars of known separation. The scale
factor is then obtained by comparing the known separation in arcsecs |
with the fitted separation in arbitrary units. This was in fact done. Stars
whose separations had been measured photographicallyAat Lembang (van
Albada 1958, Thé 1970) or by Luck (1972) were chosen as standard stars
for this purpose. 32 stars were actually used, These were well scattered

in right ascension and declination. Care was taken to ensure that none
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of the stars used had separations which were changing appre.ciably.' 12

of the stars were common fo the lists of van Albada and Luck, the diffe-
rences between the results of the two authors being negligible. Many of
the standard stars were bright stars already on the observing list so large
numbers of additional observations were not necessary. Those presenf
"in Table I are marked by an asterisk.

The second method involves establishing the image scale of each
telescope by some other method and using the relation between our arbi-
~trary units and the image motion in mm. (This relation is 1 unit =
0.00300 mm for the 3 mm wobble plate and 4:1 gearing). This method
was tried. With the telescope drive stopped the time taken for a star image
to pass across a large circular focal-plane aperture of known diameter
was accurately measured using another px;ogram available in the photo-
metry system. This was done at various declinations using the 50 cm
telescope. The result obtained agreed well with the appropriate factor
as obtained by the first method. This method was awkward and time-
consuming and it was- felt that it would be safer to use factofs deter-.
mined in the scanner program itself rather than externally to it. The
first method was therefore used in practice. This also meant that the
scale factor was in fact continuously monitored during observations. This
was fortuitous as it enabled us to detect malfunctioning of the equipment
(see Section 7. 4). Thé program used to calculate the scale factors is

described in Section 7.2.

5.3 The slits
For a large proportion of the observations a slit constructed from

two razor blades was used. This was easy to make and long-lasting.
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The width of this slit was varied several times. Most of the time it
was about 35 microns wide. Two disadvantages of using é razor blade
slit are the difficulty in making the edges exactly parallel and the small
bun.lps.on the edges. The slit was examined under a miéroscope from
time to time to ensure that no gross non-uniformities in the width occurred.
For several hundred observations slits made by depositing alumi-
nium on a piece of fused silica were used. A number of pieces of fine
nylon of different thicknesses were stretched across the silica plate. _
Aluminium was deposited on the plate in a vacuum chamber in such a wa&
that the nylon shielded the surface underneath it. The narrow slits pro-
duced in this way were of very uniform width but slits of about 100 microns
were not very good. Slits of width in the range 20-35 microns were used
in practice. Unfortux;ately these "aluminized" slits deteriorated rapidly.
They were aiso relatively hard to make. Franz (1970) used slits made in
a similar way using tungsten wire.
Exhaustive tests to determine whether magnitude differences were
significantly affected by the use of slits whose sides were possibly not
quite parallel were not conduc’oed.‘ Such tests would have been very diffi-
cult to cohduct as there were so many other possible sources of error.
Howevei; most of the stars were scanned in the '"horizontal" position (see
‘Section 4.3) in which the images of the components cross the slit at the
same ‘point. For stars whose separation was too great to allow horizontal
observatibn the separation between the points where the star images cross-
| ed the slit was not very great so large differences in effective slit width

should not have occurred. However, since the observations on a given

double were usually made with the components in roughly the same
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orientation, there is a possibility of small errors (a few hundredths of | '
a magnitude) occurring in the measured.magnitude differences of some of
the wider stars. It is unlikely that these errors would cause-a significant
error in the V magnitude difference result for a particular star as most
stars were observed using several different slits. The colours of the
components would not be affected at all. A systematic error in the V
magnitude differences as a whole is even more unlikely as the errors

would be randomly positive and negative.

5.4 The relation between slit width,_ bin spacing .and seeing

Our slits were between 1.5 and 4 times as wide as the bin spacing
depending on the wobble plat;e and slit used. The slit width in arcsecs
depends on the felescope image scale .as well as the slit width in microns
and varied from ~ 0.3 to ~ 0.8 arcsecs for the slits used. The bin
spacing in arcsecs depends on the telescope image scale, ‘the wobble
plate thickness and refractive index and the step size (see Section 6.2),
Our bin spacings varied from ~ 0.1_0 to ~ 0.25 arcsecs. Thus except in
very good seeing the full width at half intensity of the image of a star
was greater than the slit width which in turn was greater than the bin
spacing. The peaks in the plots of the scan were very narrow witﬂ FWHM
as little as 5 bins in the case of exceptionally good seeing. See, for
example, Figure 8.

If we had used wider slits we would have made more efficient use
of the light and cut the time needed for each observation slightly (perhaps

considerably in the case of faint stars). ~However the resolution of the

instrument would have suffered. Wider slits result in more overlapping
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in the profiles and consequently larger errors in the fitted magnitude
differences and more cases in which a reliable fit cannot be obtained.
For wide faint stars of small magnitude difference wider slits would be
an advantage. On some occasgions of very good seeing we would have
preferred to use a narrower slit than the narrowest available at the time
in order to obtain better resolution of very close stars. We had difficulty -
in making good slits narrower than about 20 microns. The siée Qf the
image formed by the telescope at best focus and the impracticability of
achieving this best focus with our instrument will limit the usefulness of
- really narrow slits.

In order to make the best use of the instrument we planned to have
a choice of several slit widths available at any time. In practice however
this was not often the case. It should be mentioned that using different
slit widths on the same night causes complications in the analysis of the

relative magnitudes (see Sections 6.6 and 7. 2).

5.5 The filters, photomultiplier tubes and pulse-amplifiers

Two different’ sets of UBV filters were used. For the first few
observations (only about 35) a set of filters as specified by Johnson and
Morgan d951) was used. For the overwhelming majority of the observa-
tions Schott filters supplied by Dr. A.W.J. Cousins were used. The U
filter is Schott UG2 glass. |

Tﬁree different photomultiplier tubes were used. These were an
Amperex 56 DVP (511 photocathode), an RCA 4516 (511 photocathode) and an
RCA 8644. The RCA 8644 is a red-sensitive tube (520 photocathode) and was

‘used by way of experiment and very few observations were made with it.
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1t was found that using the 8644 magnitude differences in R could be obtained
but thé.t the red leak in U made it impossible to obtain magnitude differences in
U. Differences in U could probably be obtained using a suitable blocking filter.
All the tubes used have quartz windows.

The tubes were not cooled but had low dark counts (of order 160
per sec), the 56 DVP being particularly good in this respect. Ambient
temperatures were mostly in the range. 0-15°C. Low dark counts are not
critically important for the area scanner because the dark count merely
contributes to the background which is usually dominated by the contribution
from background light in the sky (particularly if there is a bright moon).

Standard stars were observed in the conventional way in order to
obtain the colour equations for the various combinations of filters and tubes.
It was noted that the quartz and fused silica wobble plates were nearly
neutral. The 4516 tube was run at two different voltages. No account was

‘taken of possible minor variations of the colour equations with time or
with telescope used. Five different sets of colour equations were obtained.
Using U, B and V for the UBV system and u, b and y for the instrumental-'
system the colour equations were:

Combination 1: Johnson filters and 56 DVP tube at 1800 Volis.

V:y-o.ll (b"Y)
B-vf=1.17(b?y)
U-B=(u-b)-0.08 (b-y)

Combination 2: Schott filters and 56 DVP tube at 1800 Volts.

<
0

y-0.03 -y
B-V =102 (b -y
U~-B=u-b

It
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Combination 3: Schott filters and 4516 tube at 1500 Volts.

V=y-20.05(®0o-y)
B-V=09 (b-y)
U-B=(u-=-b)+0.04 b-1y)

Combination 4: Schott filters and 4516 tube 'at 1800 Volts.

V=y-0.04 b-y)
B-V =098 (b-y)
. " U-B=(u-b)+0.08 b-y)

Combination 5: Schott filters and 8644 tube at 1800 Volts.

V=y+0.175 (b - y)
B-V=0.810b-y

A very high proporfion of the observations were made using
Combination 2 i.e. the Cousins-recommended filters and the 56 DVP tube
at -1800V supplied EHT (-1700 Volts at photoéathode). The colour equations
were not fxfequently checked. There is 'thus the possibility that changes
in the colour equations caused significant errors in the corrected magnitude
differences for stars with components of very different colours (see Section
7.6).

During a single scan the count rate may change by a factor of
1000 in less than 100 ms. The tubes were not sgpecifically checked for
linearity over a wide range of count rates or for possible spurious pulses
occurring after the maximum irradiation of the photocathode. However it
seems very unlikely that any abnormal tubé response occurred.

A pulse-amplifier built bs; R.E. Nather was used on only 3 nights.
An SSR Model 1120 amplifier/discriminator (see Section 3.2) was used on
all other nights. Several different 1120's were actually used. For the |

amplifier built by Nather coincidence losses . occurred at a rather ldw
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count rate whereas for the Model 1120's losses only becanie significant

6
at about 10 Hz.

5.6 'Some consequences of the use of a wobble plate

The telescopes used by us haye a focal ratio of about f/15. Cen—
sequently the converging light cone near the focus has a small semi—angle
and _the defocussing caﬁsed by the passage of the light through the wobble
plate is slight. In addition the displacement of the position of Best .focus ‘
which occurs when the wobble plate is inserted is small. Dispersion due
to the wide range of wavelengths of the light passed by any of the filters
is also small. Taken together these effects result in a slight wideriing
of the peaks in the profiles. This widening is undetectable because it
.is equivalent to a slight deterioration in seeing.

The surfaces of the wobble plates should be kept clean so as to
minimize reflection. Light lossee are obviously undesirable but internal
reﬂections are a serious problem. Light which undergoes an even nun‘lber
~of internal reflections before emerging from the wobble plate parallel to
the main beam results in further images of the components of the doubles.
These images cross the slit during the scanning process. The first of
these internal reflection images has been noticed on rare occasions, between
6 and 10 magnitudes fainter than the corresponding normal image. .Second
and higher order internal reflection images should be extremely faint and V'
have not been detected. The internal reflection images fall on top of the
qorxﬁal image for stars which cross the siit when the wobble plate is
horizontal but for other stars the first internal reflection images. appear

near the centres of the profiles on the opposite side to the star. If the
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first internal reflection image of the primary should happen to cross the

slit very close to the secondary then errors in the magnitude difference
will occur. More usually the only effect of the internal reflection image
would be a worsening of the fit obtained. Assuming a first internal re-
flection image 7 magnitudes fainter than the main'image we could get
serious errors for stars with magnitude difference greater than about 3“‘5
This is discuSSed further in Section 7.6, An internal reflection is visible

close to the secondary in the profile of Antares shown in Figure 8.
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CHAPTER_ 6

COMPUTATION OF THE MAGNITUDE DIFFERENCES
AND SEPARATIONS FROM THE RAW DATA

6.1  The fitting function

Extraction of magnitude differences and separations from the raw

data is based on the assumption that the intensity distribution in the images

of the components of a double 1s identical and that this identity is preserved
in our scanning process. Our problem is to obtain an acceptable agreemént
between thé observed intensity profilé (i.e. the accumulated scan) and oné
calculated on the assumption that the profile for a double star coﬁsists of
the sum of a constant background 'and two overlapping peaks of identical
shape but with different maximum heights and positions of ma.xima- (see

Figure 2). The ratio between the maximum heights is identical to the

. ratio between the total intensities of the two components and therefore leads

to the magnitude difference between the components. The distance between -
the positions of maxima of the fitted peaks leads to the separation between
the components.

Franz (Franz, Millis and White 1971, Franz 1973) found that fitting
two Gaussians plus a constant background did not §vork very well. Instead
Franz obtained (Franz, Millis and White 1971, Franz 1973) a formula for
the pfofile of a single star which has more free parameters and succeeds
in matching observed profiles very ‘closely. For a single_star the function

is

- H . _ abs (x -4A)
B

In this expression I is the intensity at x, H is the maximum intensity..
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Figure 2. Profiles obtained from the scanner are assumed to be
composed of two identically shaped peaks of different
heights plus a flat background. '
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Figure 3. The basic parameters for a peak are: H- height,
' : A - position of maximum and B - half-width at
half~height. A
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A is the x coordinate of the centre of the profile, B is the half-power
width (half-width at half-height), Po and C are constants determining

the rate at which exponent P varies with x (sbee Figure 3). The shape
parameters B, Po and C are the same fo‘r the peaks (profiles) of both
components so there are eight paramethers to be fitted, namely, two posi-
tions of maxima, two heights, three shape parameters‘ and the constant
background. Unfortunately the peaks we obtained wefe very frequently
appreciably asymmetrical. Each shape parameter was therefore allowed
to take on two values, one on each side 6f the maximum of a peak. ‘We
‘thus had eleven parameters to be fitted. The asymmetry is discussed

further in Section 6.8.1.

6.2 The non-linearity of the scans

The amount by which the image of a star is shifted sideways by
the passage 6f the converging light beam through the wobble plate depends
on the angle of incidence on the wobble plate in' a non-linear way.

Let i be the angle of incidence and r the angle of refractibn in the
normal sense, n be the refractive index of the wobble plate, d the thick- -

ness of the plate and s the sideways displacement of the light beam (see

Figure 4).
We have n =_s%_u , AC=dtan i, AB=d tan r, and cos i = S
sin r ‘ BC
Therefore s = BC cos i

il

(AC -~ AB) cos i

]

d (tan i - tan r) cos i

.. sin r cos i

=d (sin i - —————)
cos r

.. sin i cos i

=d (sin i - ———)
ncosr
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‘Figure 4. The displacément of the convergent light beam by the
wobble plate.
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—dsini @-+ =i
n cosr
o . 1 1 - sin?i
= d sin 1 - = |[——FF
sin 1 ( n l-sinzr)
) 1 |1 - sin?i
:.d i - — 6s0ve00 0000000
sini @ ,nj Sin2i ) [6.2]
=2 _

1 -

The bins on our scans are separated by a single step of the
stepping motor and thﬁs by a fixed change in the angle of incidence of
the light beam on the wobble plate. The formula is not linear for a
changing angle i. In fact the shift per step gets bigger as i increases.
It is essential to allow for this as both the separations and ;che magnitude
differences obtained would be seriously in error otherwise.

It is easily seen that moving a point iinage from a fixed point a
certain distance r to the right (for example) by rotating the wobble plate
means that another point image which was exactly that distance r to the

-

left of the fixed point will now fall th the fixed point. Thus moving the

. images a distance r to the right by wobbling the plate is equivalent ‘to

moving the slit a distance r to the left. We can therefore think of our
bins as being positioned along the image of the field in the focal plane.
We bhave chosen to see things from this point of view.

We assumed that zero degrees angle of incidence fell between bins
60 and 61 i.e. that bins 60 and 61 were spéced at ,equal distances on
either side of the straight through position. Bins 60 to 1 and 61 to 120
were therefore sitﬁated symmetrically about this central position at posi-
tions which were determined for each bin by inserting the appropri.ate

angle i in the formula. In order to avoid having negative coordinates for
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bins on one side of the centre the constant which made the bin coordi-

nates run upwards from zero at bin 1 was added. For convenience the

‘value of d (the thickness of the plate) was not inserted in the formula

and all coordinates were multiplied by a factor of 1000, Instead of the
ctl)ordinates being in millimetres or metres they were thus in more con-
venient units which we refer to as our "arbitrary units'.

The positions of the bins depend on the refractive index n. Tﬂey
are therefore different for different wavelengths an.d for different wobble
plate'. materials. In the actual fitting program different bin positions were
used for scans in U, B and V. The separations fitted to profiles in the
three colours were thus in the slame (arbitrary) units (see ‘Sections 6.8.3

and 5.2). However the same values were used for all the various wobble

‘plate and gearing combinations used (see Section 5.1).. This was per-

missible because the bin spacings for each of the other wobble pléte and -
gearing combinations were, to a a good approximation (error less thgn
1%) merely a constant factor different from those for the original 3 mm
plate with 4:1 gearing whose bin posiﬁons we used. In extreme cases
this procedure could lead to errors of the order of 1% in the magnitude
difference and even less in the separations.

Different sets of bin positions should really be used for each wobble
plate/gearing combination. That one set of positions was used mainly as

a result of the inconvenience in altering the fitting program and the reduc-

‘tion methods in general to allow the "correct" positions to be used. The

necessary modifications would enlarge the fitting program and make the
preparation of the data for the program (see Section 6.5.2) more laborious

still.



L e ————

53.

6.3 Normalization of fesiduals

One might expect the noise in the counts per bin to be‘ proportional
to the square root of the counts. In the fitting program the residuals
(observed counts minus fitted counts) were therefore normalized by dividing
by the square root of the fitted counts. Unnormalized residuals and resi-

duals normalized by dividing by the fitted count were also tried (see Section

 6.8.2).

6.4 The fitting procedure

We wish to obtain the best fit, in a least squares sense, of our
calculated profile (see Section 6.1) to the observed profile using normalized
residuals. We use a differential correction technique.

In general if we have a function f (xi; P1s pz,,..pm) where X, are
the x values and yi' the y values of the n data points and pq, Pgs -+« Py,
are the parameters to be fitted then we want to minimise

n
2 _ ) 2
T iz—;l Wy {3; - 15 PPy e py))

where the w; are the weights of the squared residuals i.e. we want the pj

for which
2
X .
_5;;— = 0 ] = 1, eeesslll
0 min min min min
Let fi = f(xi; P, ’p2_. seee Py ) be the value of f at X, when X
. 0 '
1 min 5t min

is minimised and let f =—L
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gives us
n i i '
L{w.2.( - £ .0 2o - j=1....m
. i i i i,j .
i=1

" leading to the normal equations
n 1 min 0 min , ‘
Z{Wfi (y“'fl )} =0 j=1,....m -000[6.3]
=1 'Y ' ,

We estimate_the values of pl. ceeB, at the minimum and use a Taylor expan-

sion truncating after the first derivatives obfaining

0 min 0 estim m estim
! . ) ‘ j=1 ’J ) J
where q, = pit . postim
J J ]
[6.3] becomes
pow.gestm o Qestim modestim g0 51 .m
i1 LI i i k=1 i,k k _

Interchanging the order of the summations we get

n estim 1 estim
(z wf1 f Jag =0

f0 estim. 1 estim m
i z ii,j i,k

n
T w.(y. - ) .. -
=2 't 1 bl k=1 i=1
j= 1"ooilm
n'.

Writing A, = 2w (. - ff) estlm) fl .estlm
. J i:l 1 1 1 1’]

and C. =§:1 w_f,l .estimf.l estim
ik j=1 1] i,k
’ _ | we get A,-I)I:1 C..q =0 j=1l,ee..m
( k;‘l j»k 'k
or ¥ ¢ q =A, §=1,.0..m
k=1 J’k k J '

The equations are now linear and we can solve for the corrections qk. We
can then iterate until some goodness-of-fit criterion is satisfied. '
o Initially a program was written to fit symmetric peaks by this

method. However the shape parameter C in formula [-6.1] gave trouble and
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it became necessary to place restrictions on the alterations in this para-

meter. Fortunately a program by Lang and Mliller (1971) was found which

employs a sophisticated method to do this. The original program was
therefore abandoned and two subroutines ffom Lang and Mliller's program
were adapted for inclusion in a new program which fits asymmetric peaks.
Lang and Mlller's method involves selecting boundaries beyond
which the Taylor expansion is assumed to be invalid. These boundaries

are transformed into the principal axis system' of the matrix C The

k,j’

alterations along the principal axes are calculated and if any of these goes

‘outside the transformed boundaries they are reduced to the corresponding

boundary values. The alterations are then transformed back and the itera-
tions continue with the initial estimated values of the parameters plus cal-

culated alterations as the new estimated parameters.

6.5  Preparation of the data for reduction

6.5.1 Reading the paper tapes

The paper tapes are read by the paper tape reader attached to the
UNIVAC 1106 at UCT. A program TPREAD was written to do this. This
program reads a tape using the software provided by thé UNIVAC and writes it
in octal onto a scratch file. The tape reader is then released and the dafa
on the scratch file are translated. The translation routine contains a trans-
lation table array. The various characters are stored in elements of this
array such that the octal code of a character corresponds to the number of
the array element containing the character., Translation is thus reduced to
a look-up procedure. After translation of a tape is completed the data are

stored as an element in a program file on disc. Each tape is numbered
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and the file element is named .TAPE x where x is the tape number.

6.5.2 Editing the file elements

The file elements are twice edited. In the first edit any unwanted
data are deleted, puriching errors are corrected and any data accidentally
missing from the tape are inserted. The typewriter printout is consulted
where necessary. In the second edit the block of data corresponding to
each accumuiated scan is given an identification number. This number con-
sists of the observing log sequence number of the observation and a filter
code. This coding procedure is laborious because it cénnot be fully auto-
mated.  Furthermore there is a possibility that errors may occur in identi-
fying the data. It would be possible to add a sectioh to the ASHCAN bro-
gram so as 'té detect which filter is being used and to print and punch the
sequence number and'the filter clodé with the other data. However we
“ believe that this would not be worthwhile. Neither do we think it would be
worthwhile entering the star name via the telétype keyboard before (or after) each
observation. In general we would like to avoid having to enter informatioh
via the teletype except at the start of observing. Also we would nqt like to
have a fixed ordering of the observing procedure nor would we like to com-

plicate the equipment further.

6.5.3 Examining graphs of the data

A graph is plotted for each accumulated scan. The graphs are
plotted on the line printer using the program GRPRNT which calls the
subroutine GRAPH (see Section 6.6). These graphs are then cursorily ex-

amined chiefly to detect those cases where it is necessary to enter initial
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values of the parameters to be fitted (see Section 6.6). However errors

in the data are sometimes detected at this stage.

6.6 " The fitting program

The program which fits a curve to the observational data is then
run. This program consists of a main program (CONTRL) and 6 subroutines
(INPAR, FIT, FRANZ, JACORD, GRAPH and GREER). The §vay in which
the program works is explained briefly here and a listing is given as an
appendix. |

The main program, CONTRL, is informed, via data cards, which
~observations are to be processed and is also given the values of various
parameters .nequired by it. The program file element in which the obser-
vational data are to be found must be added into the runstream. After
finding the data for the first accumulated scan to be processed, CONTRL
sets the initial values of the parametefs to be fitted. The 6 shape para-
meters can be set specifically for any individual accumulated scan via an
input data card, they can be set at the_ values found for the previous pro-
file fitted or they can be set to fixed, pre-set, values. The positions of the
maxima, thé maximum heights and the background are ﬁormally estimated
by the subroutine INPAR-but if the profile is extremely noisy or if the
secondary star is too faint to give é clear peak on the profile some or all _'
of these start values may have to be entered on a data card. It is seldom
necéssary to enter anything more than estimates of the positions of the
maxima and these estimates may be very rough. CONTRL also stores,
for each filter, the x coordinates of the bijns and selects the set of coordi-

nates appropriate to the filter with which the profile currently being pro-

cessed was obtained.
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The subroutine FIT is then called. This subroutine, adapted from
Lang and Muller (1971), uses the procedure outlined in Section 6.4 to fit,
by least squares, the best cﬁrve to the data. No corrections are made for
coincidence losses. The bins to be used in the fit are passed from CONTRL.
These can be chosen specifically for any profile. Otherwise pre-set bins are
. used. x Coordinates of the bins are passed from CONTRL. During execu-
tion of FIT the values of F? estim and Fil’jestim are calculated using the
analytic expressions for the function and its derivatives in the subroutine
FRANZ. This subroutine sets the weights w_as l/F? estim - uivalent
to normalising the residuals by dividing by the square root of the fitted
counts. FRANZ also sets the parameter alteration boundaries required by
FIT. In practice the boundaries are not critical excef)t for the shape para- .
meters, especiéily C. FIT narrows the boundaries if chi-squared increases.
The subroutine JACORD is called by FIT to calculate the eigenvalues and
eigenvectors of the correction matrix.

It was found necessary to include four criteria fc;r deciding when
to stop the iterations. The first criterion stops the iterations when the
square sum of the parameter alterations divided by their errors is less than
some consfant. The second criterion stops the iterations when chi-squared
per degree of freedom no longer decreases significantly. The third cri- |
terion is similar to the second. It stops the iterations if chi-squared per
degree of freedom will not decrease significantly despif:e narrowing the
boundaries set on the parameter alterations. The last criterion stops the
iterations when the parameter alterations are no longer significantly affecting

the fitted magnitude difference. ' The constants in these criteria are set so

that, in practice, the first, second and fourth criteria stop the iterations
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with about equal frequency and the third criterion very rarely. Which cri¥

terion stops the iterations depends on the nature of the particular profile

The program also allows for various abnormal terminations. In
the event of an abnormal termination control is returned to the main pr;>-
gram. One of these abnormal terminations occurs when the number of
iterations reaches a pre-set maximum.‘ )

At a normal stop FIT provides errors in the fitted parameters.
FIT also calcﬁlates an estimate of the total intensity of the double star
and converts this to a magnitude which we céll the relative magnitude.

The amount of printout from FIT is controlled by various options.

Usually only the number of iterations, initial values of parametefs, fitted

values of parameters and their errors, magnitude difference, sepafation

and relative magnitude are printed. Some of these values are also punched
on a card. |

| Control then returns to CQNTRL. An option allows the calculation
of a rough estimate of the percentage error in the fit of each peak by
comparing the total number of counts under the fitted curve for each peak
with the total observed numbeAr of counts in the corresponding bins. These
percentage errors are smaller than the errors in the fitted maximum
heights as calculated in FIT. This option was seldom used.

The subroutine ‘GRAPH is then calléd. This plots, on the line

printer, a graph of the observed vand fitted points. The bin number, x
coordinate, observed and fitted counts per bin are printed underneath the
axis. If the secondary peak is less than one fifth the height of the primary

peak a separate graph is plotted, at a larger scale, of the 25 bins centred
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on the secondary peak.

Lastly the subroutin;a GREER is called. This plots graphs of the
residuals and the normalised residuals.

The main program then finds the daté for the next profile to be

processed.

6.7 Operating performance of the fitting program

The program uses about 15K words of storage. The time taken
for each fit'depends to a large extent on the number of iterations required
as each iteration takes of the order of 0.5 secs of CPU time on the
UNIVAC 1106. Typically a fit takes 10-15 seconds. The profiles are
fitted in conveniently sized batches, usually of 10-30 profiles each. Thus
one night's work, say 40 observations each with 3 filters, requires several
runs of the program and a total CPU time of perhaps 30 minutes.

The time taken could be re.duced by making the stopping criteria
less stringent. However it was felt that the saving in computer time did
not warrant possible increases in the errors in the fitted parameters. A
set of criteria was used which stopped the iterations at a stage wheré
further iterations would not significantly alter the magnitude difference
fitted. The number of iterations was normally between 5 and 45. The
maximum number Vof iterations (seé Section 6.6) was usually set at 60.

The number of iterations could also be reduced by more accurate
initial estimates of the parameters. This was felt nbt to be worthwhile
in view of the greatly increased number of data cards required and con-
sequent increase in preparation time. In practice the positions of the

maxima of the peaks are specifically estimated only when it is felt that
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the automatic estimated by the program might fail. The other parameters
were very se_ldom specifically estimated.

The guiding idea behind the way we used the program was to obtain
fits of an acceptable accuracy in a reasonable amount of computer time with
as little preparation and as few failures as possible.

It very seldom happened that the program could not obtain a fit or
obtained an incorrect fit. In a handful of cases the observational data was
extremely poor and was discarded after it was found that a fit cpuld not
be obtained. More often the failures were due to extremely bad initial
| estimates of the positions of the maxima of the peaks.

As a test of the program some profiles were fitted several times
over using different sets of speciﬁéally estimated initial values of the para-
meters. It- was found that the number of iterations and the stopping_ crite-
fion which stoppéd the iterations both varied but the magnitude differences

and separations fitted were not significantly altered.

6.8 Variations of the fitting program

Several variations of the fitting program were tested, sometimes
on fairly large quantities of data, in order to ensure that the program

finally adopted for use was the best one in the circumstances.

- 6.8.1 Symmetry versus asymmetry

The program was modified to fit symmetric peaks instead of
asymmetric ones i.e. the number of parameters fitted was reduced to 8.
The observations on 10 stars of various separations and magnitude

differences were fitted using this modified program. - As expected the
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number of iterations performed by the program and the CPU t_ime taken
were decreased. The fits obtained were not as good as thosé obtained
uging asymmetric peaks.

The magnitude differences found were analysed uéing the methods
described in Section 7.5 and the results compared with those found using
asymmetric peaks. It was found that for most of the stars in the sample
the errors in the mean magnitude differences in V, B and U respectively
were slightly greater using symmetric peaks but that the differences between
the mean magnitude differences obtained ugsing symmetric peaks and those
obtained using asymmetric peaké were not significant. However for close
stars (< 3V0) with V magnitude difference 2T tﬁe symmetric peaks gave
very much iarger errors in the mean magnitude differences than the
asymmetriq peaks._ The mean magnitude differences also differed significantly
from those obtained using ésymmetric fits and led fo very unlikely colours
for the secondaries.

There is an obvious danger in fitting asymmetric peaks in the case

of very close stars of fairly large magnitude difference whose peaks over-

- lap considerably. This is especially so if the peaks of the primary and

secondary are in fact not identically shaped. The program can make con-
siderable alterations in the number of counts in the primary peak falling
under the peak of the sécondary by making small alterations in the shape
parameters on that side of the peak. Thus it may happen that the best fit
is obtained by depressing/raising the contribution of the primary in the
region of the secondary peak from its correct level and decreasing/increas-

ing the maximum height of the secondary accordingly. This probably does

‘happen in practice but causes an error compafable with or less than the
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error calculated by the program for the height of the secondary peak.

Using symmetric peaks the situation is actually worse. Here the
shape of the fitted peaks is to a considerable extent determined by the
shape of the observed primary peak on the side opposite to the secondary.
It may happen that this results in a marked depressal/raising of the con-
_tribution of the primary in the region of the secondary peak. This can be
extremely serious. In one case, for instance, it was found that the best
fit would have been obtained with a negative contribution from the seconda‘ry'.

For each star the mean separation obtained using symmetric fitted
peaks was compared with the mean separation obtained using asymxhetric
peaks. No significant differences were found.

It was therefore decided to use asymmetric fitted peaks throughout.

6.8.2 Which normalization?

The obvious way to normalize the residuals is to divide by the
square root of the fitted value of the counts per bin. However tests were '
made using unnormalized residuals and using residuals normalized by
dividing by the fitted value of the éoxmts per bin i.e. eséentially fractional
nesidﬁals.

In the tests fits were made to batches of profiles using, in tumm,
each of the three normalizations of the residuals. Not surprisingly the
magnitude differences obtained using normalization by dividing by the square
root of the counts were usually between the values obtained using the other
normalizations. Where the profiles of components were severely overlapped
and the magnitude differences fairly large it sometimes occurred that the

magnitude differences obtained using the three normalizations differed by
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several 'tenths of a magnitude. In these cases the unnormalized residuals
fits tended to give smaller, and the fractional residuals fits larger,
magnitude differences than the square root of counts normalizatibn fits.
The differences between the magnitude differences obtained using each of
the other two normalizations and those obtained qsing the square root
normalization seldom exceeded two or three times the fitted error of the
secondary in the fit with square root normalization. The systématic
differences between the magnitude differences obtained usiﬁg the three
normalizations were small, of the order d¥o1 and barely significant.

The best fits for nearly equal components tended to be the ones
made using unnormalized residuals. For very unequal components unnorma-
lized residuals gave the worst fits, the background frequently being fitted
obviously too high or too low and the profiles of faint secondaries tending
to be poorly fitted. Fits made using fractional residuals tended to be poor.

The normalized residuals were of the order 1 for the square root
normalization whereas they were very much less or ver& much more than
1 respectively for the other two" methods. Thus chi-squared per degree
. of freedom was mostly‘ between 1 and 10 for the square root normalization
and very small or very large respectively for the other two methods. The
normalized residuals also seemed to be more umniform across the scan for
the square root normalization.

The square root normalizgtion thusv appears to be the best one to

use and it was used for all our fits as described m Sections. 6.6 and 6.7.

6.8.3 Linear x axis versus non-linear x axis

Although the non-linearity of the scans must be allowed for if
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accurate magnitude differences and separations are to be obtained the pro-
gram v&as tried using a linear x axis to see wﬁat effect this had on the
fitted magnitude differences. It was found that the differences between the
magnitude differences thus obtained and those obtained using the normal
program were small, seldom exceeding 0702. This close agreement occurs
because for most stars the peaks in the profiles are in ‘the nearly linear °
part of the scan within 30 bins of the centre and, usuaily, the two peaks
are épproximately equally far from the central bin. The separations ob-
tained using a linear axis with identical coordinates for U, B and V showed
the f—:xpected effect, namely that the éomponents appeared further apart in -
V than in U (see Section 6.2). See Section 7.4 for further discussion of

the effect of using incorrect x axis coordinates.

6.8.4 Relative magnitudes by two methods

The relative magnitudes (see Section 6.6) were found by summing

the fitted counts per bin over all 120 bins, dividing by 120, subtrac_tjng
the contribution of the background, dividing by the total number of scans
included in tbe profile, taking the logarithm (base 10) and multiplying by
| 2.5. These magnitudes thus became more positive for brighter stars.

How they were used is explained in Section 7.2. This is not the proper
method of estimating total intensity as more photons are counted from very
close stars scanned with both components near the centre of the scan than
from wider stars of equal combined light magnitude where the coinponents
are scanned at, for example, bins 30 and 90. This occurs because of the
non-linearity of the scan mentioned before (see Section 6.2). The difference

in relative magnitude between two equal stars might be up to approximately
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10% because of this effect.

The correct method of estimating total intensity is to sample the
fitted curve at points a fixed distance apart (of the order of the bin spacing)
on-the correct x axis and across the whole profile. Relative magnitudes
obtained by the two methods were compared for a sample of observations.
It was found (using analysis as described in Sections 7.2 and 7.3) that the -
relative magnitudes we‘re not significantly improved by using the correct
method. It appears that in practice the errors in using the incbrrect |
.method were less than about 0.02 and are smaller than errors from other

sources (see Section 7.3).

6.9 Examination of the fits

All the fits obtained were carefully examined. Where necessary
profiles were fitted again. Most of these refits Wem done in order to use
some of bins 1-16 and 105-120 which were not used in the initial fits.
This was only done if it was fairly certain that the extra bins used had
not suffered a loss in counts due to shifting before adding of the scans
(see Section 3.4.2) and if it was expected that the fit would be improved
by using more bins in that the Backgromd and/or one of the peaks (usually
- the secondary) would be defined by more points. Sometimes a profile wés
. fitted a third or even a fourth time and what seemed to be the best fit
chosen. Occasionally a profile was rejected when it was found that the

magnitude difference fitted was highly sensitive to changes in the bins used.

6.10 Goodness of fit

The _profiles were extremely varied in their appearance. They
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could not always be well fitted by the fitting program despite the large
numbers of parameters used. The minimized values of chi-squared per
degree of freedom were usually in the range 1 to 10 but occasionally
values much larger than this were obtained. On rare occasions these
exceeded 100. Chi~squared tended to be larger for bright stars indicating
that therg were systematic differences between the observed points and the
fittéd curve. Examination of the error-of-fit gréphé showed that in many
cases errors were entirely random but that in some: cases bad systematic
effects were present.

Extremely bad fits were usually due to a breakdown of the basic
assumption that the peaks due to the two components are of the same shape.
The half-widths were in fact not identical in these cases. This Was noticed
only in profiles in which the peaks did not overlap much. As the effect
occurred eveﬁ when the scans were made horizontally (in the sense prpviously .
described) it could not be due to the slits having non-parallel sides. Usually
but not. always the primary peak was sharper than the seco_ndary peak.

This led to the assumption that the effect was due to the correlation before
accumulation in the ASHCAN program. One would expect theb primary to
dominate the correlatiop. Since the number of bins between the two peaks
would vary slightly because of image motion occurring in the interval be-
tween the two images being scanned the secondary peak in the accumﬁlated
scan would be broadened slightly. __This spreading would be greater for
greater séparations. The centre of the secondary peak should not be dis-
placed so no error in separation would result. The peak fitted to the
pﬁmary peak would be too founded and the peak fitted to the secondary

too sharp but the peaks would be sufficiently far apart for the program to
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~obtain the best fit for each peak essentially independently of the other. -
The magnitude differences would therefore not be in errox".

" However this explanation did not explain those cases where the
secondary had the sharper peak. It was also noticed that the sharper peaks
tended to be on one side of the scan for whole nights at a time.‘ It was
also found that the fitted separations of individual standard stars varied by
several per cent from night to night (see Section 7 -4). This led to another
explanation for the bad fits (see Section 7.4). According to this explana-
tion the bad fits occur in observations for which the oscillations of the
wobble plate are not centred on the 'flat" position of the plate.

Thése two causes of bad fits _would compete with one another con-

fusing things and making it nearly impossible to apply corrections.

| There were various causes of asymmetric peaks. One cause was
the wrong centreing mentioned above. Another cause was the images
formed by‘ the telescopes. Ear1y>in the observing program the images
formed by the 100 cm were found to be astigmatic. This was later
corrected by the SAAQ staff. The images of ﬁthe 75 cm had a flare on
one side. This was due to the method of supporting the primary mirror.
When a dome was used as an aperture stop fhis sometimes resulted in
asymmetry. Small asymmetries cquld also be introduceci by the correlation
procedure in ASHCAN. Badly asymmetric peaks could not always be well
fitted. It must be noted that even for an ideallyvsymr'netric scan the noise
in the data and numerical inexactness in the fitting program would cause

very small differences between the values of the fitted shape parameters

on either side of the peaks.
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Some very strangely shaped peaks occurred. It was found that
éome of these were due to vibration of the 50 cm telescope at the frequency
of the oscillations of the stepping motor (or some harmonic of this frequency).
This occurred when the wobble plate shaft was aligned nearly east-west and
was probably due to backlash in the declination worm gear. The vibrations
could be avoided by skilful hanging of weights on the telescope tube or by :
avoiding scanning with the wobble plate shaft aligned in directions close to
east-west.

The fits obtained in U usually had highest chi-squared. The half-
widths of the fitted peaks showed é not unexpected ‘increase from V through
B to U. The fitted errors in the peak heights tended to be largest for U
probably mainly because of the greater noise and half-widths mentioned.
Frequently also the primaries were bluer than the sécondaries resulting in

larger magnitude differences in' U than in V and B and thus exaggerating

the difficulties in obtaining reliable estimates of magnitude differences in U.

6.11 Examples of fits obtained

Some plots of observed and fitted profiles are given to illustrate
the performance of the scanner and of the fitting program. In all the plots .
photon (pulse) counts per bin are plotted versus bin number. The observed.
points are represented by plus signs and the fitted profile by a continuous
curve. Sudden slope changes in the continuous curve are artefacts of the
plbtting routines used. Most of the profiles were obtained using 1 scan
per integration. (Scans per integration is the number of scans added
together without shifting before being correlated with the accumulated scan

and added to it with shifting (see Section 3.4.2)). Unless relevant the
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number of scans per integration is not included in the figure caption.

The values given for the fitted magnitude differences are in the instrumental
system and may be a few hundredths of a magnitude off the UBV system.
The stars were all scanned in the horizontal position unless indicated to the
contrary, In most cases the mean separatioh from Table I is given rather
than the separation fitted for the particular profile. Unless otherwise
statt;,d the 3mm wobble plate was used.

Figure 5 shows a profile obtained in seeing so poor (3-4 arcsecs)
that observations of close stars or those with large magnitude diffe rences
would not have been possible. A slight systematic misfit occurs on the
secondary peak. However the fitted AV agrees well with the mean in
Table I. The observation was made using the 50 cm telescope.

Figures 6, 7 and 8 show the U, B and V profiles of an observa-_
tion of Antares. These profiles were obtained within a few minutes of
each other using the 75 cm telescope in exceptionally good seeing. The
dome was used as an aperture stop for the scans in B and V to avoid
coincidence losses in the amplifier. The hump clearly visible on the side
of the secondary peak in the enlargement in Figure 8 is due to an internal
reflection image (see Section 5.6) of Antares A and is about 8l magnitude‘s
fainter than Antares A andvabout 3 magnitudes fainter than Anta.mes B.

The small peak at about bin 100 is probably due to a pinhole in the alumi-
nized slit set used.

Figure 9 shows a profile obtained on the 75 cm telescope. A
slight systematic misfit occurs at identical positions on the primary and
secondary peaks. This misfit was caused by the poor shape of the images.

An image flare was clearly visible through the viewing eyepiece and the
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. offset guider eyepiece. Thié observation was made with the slit tilted to :
give an effective separation less than the true sgparation of the
star.

Figure 10 shows a badly asymmetric profile obtained on the 1
metre telescope. | The observed pquile is probably asymmetric due to wroilg
centreing of the scans (see Sections 7.4 and 7.6) and the fitting program
has not been able to obtaiﬁ a éood fit, especially for the. secondary.
However the magnitude difference (transformed to the UBV system) differs
from the mean for the star by little more than the 0702 fitted error.

Figure 11 shows a profile obtained on a faint star. Due to the
low count rate there is considerable noise. The noise at the top of the
- primary peak is however very much larger than it should be. This effect
occurred quite frequently and it is believed to be caused by the correlation
process (see Section,3.4; 2). 'i‘his observation was made on the 75 cm
‘telescope and the éffect of the image flare is just visible.

Figure 12 shows a profile obtained on a faint star using the
1 metre telescope. There is considerable noise and an unexplained
"twinning" of points similar to that obtained on the 50 cm telescopeland
explained as being due to telescope wobble (see Section 6.10). The twinning
in this prbfile may be due to the same cause despite the fact that the
1 metre telescope was used. This profile and the V and B prbfiles obtain-
ed immediately afterwards were ndt‘ used in obtaihing the means for the
photometry of HR 7989 in Table I. AU in Table I is T119 so the fitted
value for AU is in gbod agreement with the mean. Figure 12 also illu-
strates the losses 'in the bins on either end of the scan which occur because

of the shifting of the scans in the correlatidn process (see Section 3.4.2),
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It is normal for more bins to be affected on one end of the scan th#n onr
the other because the shifting is mostly necessary because of backiash ‘and
tracking problems (see Section 3.4.2) rather than image moﬁon.

Figure 13 shows another profile obtained on a faint star. Once
more the top of the observed primary peak is noisier than it should be.
The losses at the leﬁ of the scan are again obvious, 15 bins being affected
in this case (the maxirnum allowable shift being 16 bins). |

Figures 14 and 15 show two profiles obtained on the same star
using the same telescdpe and the same slit and with the equipment in all
other respects identical. The profiles were obtained. 5 weeks apart with
rather different seeing and background light level. In Figure 14 the fitted ‘
background light level is about 4.7 times greater than the contribution from _
the secondary at the top of the sécondary peak. In both Figures 14 and 15
there is also some light from the primary falling into the bins under the
secondary peak. These figures are also discussed in Section 7.6.

Figure 16. shows a good fit obtained for the secondary peak on a
profile of a wide star with large magnitude difference obtained in. ‘good,
but not exceptional, seeing.

Figure 17 shows a profile obtained in exceptionally good seeing.

A slight systematic misfit occurs at the secondary '"bump'. With the pre-
sent scanner observations of stars like HR 436 are inaccurate and’ possibly
give systematically wrong magnitude differences. |

Figure 18 shows a profile obtained in seeing slightly worse than
that of Figure 17. Note that a different wobble plate was used (on fhe same
telescope). The fact that HR 2412 is 0!'5 closer than HR 436 (and the

seeing slightly worse) more than offsets the 12 smaller magnitude diffe rence
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and the secondary bﬁxnp is almost invisible on the profile. An error in
the fitted magnitude difference much larger.th‘an the fitted error seeﬁls
very probable.

Figure 19 shows an exceptionally good profile obtained on another
difficult star. The number of counts from the secondary is low due to.
its faintness.

Figures 20 and 21 show profiles of a very close star with small
magnitude difference. These profiles were obtained on the 1 metre tele-
scope 10 weeks apart using different slits and different photomultiplier
tubes.

Figures 22 and 23 show profiles of a vei'y close star withvvery
small magnitude difference. These profiles were obtained 4 weeks apaﬁ
on the 1 metre telescope, The éeparation between the highest points of the
peaks in Figure 23 appears to be very much less than that between the
highest points of the peaks in Figure 22. This is due to the heavy overlap
of the peaks in f‘igure 23 - the light curve from one peak is decreasing

steeply at the bin corresponding to the rather flat topped maximum of the

‘other peak and hence the maximum of the '"summed'" curves is displaced.

The separations fitted by the fitting program are unaffected and are in

acceptable agreement. The overlap of the star imagés in the focal plane

would have been much less than shown in the figures - the slit width is

an appreciable fraction of the separation. The magnitude difference fitted

- for the profile in Figure 23 is discordant and differs from the mean (Table I)

by 13 times its fitted error. The reason for this discrepancy is not known.

- Such unexplained discordancies of magnitude differences were rare.

Figures 24 and 25 show profiles of HR 6426, the closest star



et At R R4 b o . €

97.

we observed. Figure 24 shows é profilée obtained in April 1973, Figure

25 one obtained in June 1974. The state of the equipment was very different
for the two observations which were both made on the 1 metre telescope.
However thé main cause of the different appearances of the profiles is the
difference in seeing. The change in separations is real.

Figures 26 and 27 show profiles of the same star obtained a few
minutes apart using V and U filters nespectively. Due mainly to worse.
seeing in U the primary peak is ﬁmch broader in U than in V so _that,l
despite a muéh smaller magnitude difference in U, theﬁ secondary forms a
very much less pronounced bump on the gide of the primary peak in the U
profile than it does in the V profile. |

Two furthef illustrations of fits aré given in Figures 28 and 29

in Section 7.4.
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using all observed constant stars for which combined light magnitudes and
colours are already available as standards. Fach star has therefore to

be identified and information supplied about it. V, B and U zero points

_are separately calculated by making the sum of residuals zero for the

stars used as standards. Corrections are made to bring the magnitddes‘
onto the UBV system. The sidereal time, hour angle or sec Z of each .

observation can be used by the program to be correct for extinction.

- Stars for which no combined light photometry is available and stars speci-~

fically designated as variable (they may, for example, be constant stars

observed through cloﬁd) are not used in obtaining the zero points. . Pro-

vision is made’ for the effects of qsing_the two wobble plates. However_ if

different slits are uséd on the same night (2 rare occurrence) then stars

not obéerved with the most commonly used slit must be declared variable.‘
| The program calculates the root mean square of tl;e residuals in

V, B and U for the stars used as "standards. These can then be used to

estimate the errors in the calculated V, B, U magnitudes of the other

‘stars. The zero points and root mean square of the residuals are printed

followed by tl;e results for each star in turn. The name, known combined
light photometry (if any), calculated VvV, B, .U and residuals (if known) are
printed for each star. In order to keep the program simple'and versatile
colours are not calculated. A plof.of residuals versus known (B-V) is
printed for each of V, AB and U.

The fitted separations (in our arbitrary units) are averaged for

each observation of a standard star. Separations obtained with different

filters can be averaged-'see Sections 5.1, 5.2 and 6.2. The known sepa-

" ration of the standard is divided by this average to obtain the scale factor
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in arcsecs per arbitrary unit.. An error reflecting the disagreement

~ between the fitted separations with the different filters is calculated for

each scale factor. These errors are later used to judge the quality of
the scale fa'étors so that unreliable ones can be rejected. A list of the
standards observed, the resulting scale factors and their errors is printed
by the program. The scale factors thus obtained for each telescope and -
wobble plate'combination are averaged by hand to get mean factors | (see
Section 7.4) for use in determining separations of the program stars in

arcsecs (see Section 7.5).

7.3 _ The MAGCHK program: Photometry results

The root mea.n square of residuals in V, in B and in U was about
0703 on the best nights. If residuéls for B~V and U-B had been calculated
theée would have been smaller. However many pights gave much higher

residuals. Some of these nights were recorded as cloudy, others probably

-were non-photometric but this was not noticed. Those nights on which

 the wobble plate problem described in Section 7.4 was most severe tended,

not surpris‘ingly, to have high residuals. It is possible, but unlikely, that
the relative magnitudes would ‘be significantly affected by the preferential |
rejection of scans (see Section 3.4.2) for which scintillation dec.reases the
total counts below the mean. Such rejections were in fact extremely rare.
Use of the more correct mefhod of calculating the relative magnitudes did
not decrease the root mean équareAresidua.ls significantly (see Sectionv
6.8. 4).

While the combinéd light magnitude and colours obtained were used

as evidence to deny variability in some stars we did not have sufficient
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confidence in these results to use them to support claims of variability.
We also found that using the magnitudes and colours as combined light
photometry for known variables did not give good results when calculating

magnitudes and colours of the components.

7.4 The MAGCHK program: Scale factors

The scale factors obtained for any one telescope, vwobble plate and
gearing were found to have a range of about 6%. This range was far
greater than expected and seérﬁed to indicate some underlying error. The
fact that tﬁe scale factors obtain_ed for the same star on different nights

in the same observing run or in a different run showed a considerable

range was particularly worrying. The fault therefore had to lie in the

equipment or in the rekduction. The scale factors for the original 4:1
gearing and 3 mm wobble plate did not seem to vary systematically from
observing run to observing run and gave mean scale factors with acceptably
small standard errors so the fault was not considered serious.

However a S% difference between the mean scale factors obtained on
one, apparently very good, observing run and the two immediately preceding
runs on the same telescope using the same 4.032:1 gearing and both wobble
plates promf)ted a more thorough investigation. It was found that changes
in scale factor of the correct magnitude could be ex.pected by using in the
fitting program bin positions shifted by about 30 bins. This implied that -
the oscillations of the wobble plate were centred on a position 30 steps |
(i.e. about 150) away from the horizontal. It is possible that the oscilla-
tions of the wobble plate could have been -centred 150 wrong on occasion.

Tﬁ'e wobble plate makes about 4 scans per second, two in each direction,
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and there are no scales for reading the angle of rotation of the shaft.

An error of 15° in the centreing would in fact be difficult to detect directly
by watching the oscillating shaft. In practice the motor and shaft were
seldom watched while moving. However a 15° error in centreing would
be easily seen while the shaft is stationary. It is believed that a fault in
the observing technique was responsible for the iﬂcorrect centreing of the
oscillations. The backlash in the gears and the way this is allowed for
(see Section 3.4.1) require that the shaft be initially set with the wobble
plate horizontal and the gears »aligned so that there is no backlash to be -
taken up when the motor takes its first step. Should the gears be slack
or aligned in anticipation of the motor taking its first step in the opposite
‘direcfion to that in which it initially moves then an error of less than or
equal to the number of steps in the backlash will Aresult.

In order to test this explanation the fitting program was rerun on
some observations of separation standard stars using bin positions shifted
by 30 bins. The observations chosen were amongst those for which bad
fits has been obtained (see Sectiox.z 6.10). The resulting scale factors were
different from those originally obtained by the amount requifed to remove
the difference which led to the investigation of this problem. Furthermo'ré"
the fits were now good and the fitted peaks more symmetric.

The improvemént in the fit can be explained as follows. The im-
age of one component was, in the actual observation, scanned across the slit
when the plate was nearly horizontal thus crossing the slit slowly while the
image of the other component was scanned across the slit when the plate
was highly tilted and hence crossed the slit fast. There were thus more

counts in the wings of the '"slow'" peak then in those of the ''fast' peak
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causing a difference in peak shapes. The normal bin positions did not |
allow correctly for this (the peaks being nearly equidistant from bin 60)
resulting in a bad fit and an incorrect magnitude difference whereas using
bin positions shifted by the abpropriate amount gave a good fit and,
hopefully, a good estimate of magnitude difference.

Figures 28 and 29 show the fits of an observation of HR2870/1,
an 8!'89 separation standard. The fit using the normal bin positions was
probably the worst fit ever obtained in the sense that it had the largest
systematic deviations between the observed points and the fitted curve.
The fit using bin positions shifted by 30 bins is very good. The change
in fitted magnitude difference is about 0718 so that 0.2 should be the upper
limit on errors in magnitude difference caused by this effect. This is
discussed further in Section 7.6.

Small shifts would in fact have occurred as a matter of course.
This is because of the difficulty in correctly estimating the backlash con-
stant (see Sections 3.4.1 and 4.2). Errors of up to 7 or 8 bins in the
backlash conétant could go undetected as the method used to determine it
is rathef crude (see Section 4.2), Thus data recording' on the forward
scan might start up to 8 steps too early or too late depending on whether
the backlash constant is too small or too large. The centreing could
therefore be wrong by up to 8 bins for the forward scans. The return scans
would be correctly centred but unfortunately these would be shifted by the
correlation so as to match the forward scans. The errors in separationl
_ énd magnitude difference for aﬁ '8 bin shift would be less than one quarter

of those expected from a 30 bin shift,
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Since the extent of the shift occurring was variable it would not .be
a simple matter to correct for it in the reduction of all the observations. |
We could write a fitting program which tries shifting the bin positions if
it cannot obtain a good fit with the normal bin positions. This has not
been done because the program would be rather complicated and it would
be very slow. Furthermore we feel that this would have been a dangerous
procedure as there are undoubtedly other reasons for differences in shapé
between the peéks. Lastly we feel that the human effort and computing
expenses involved would not have been justified by the improvement in the
accuracy of the separations ‘and magnitudes which might have been obtained.
We therefore decided to do as best we could using the separations and
magnitude differences obtained using the normal bin positions. The con-
sequences of this decision will be discuSSed_in Section 7.6,

The scale factors actually used in calculating the separations
of the stars in geconds of arc from the separations in our arbitrary units
are given in an Appendix. It should be noted that most of the observations
" were made uging the 50 cm and 100 cm teleécopes, the 3 mm plate and
the original 4:1 gearing and that really bad fits were rare for these ob-
servations. The scale factors obtained and used for these two cases were
0. 06565 and 0. 03893 arcsecs per unit réspectively for the 50 cm aﬁd 100
cm telescopes. The standard epr;)rs of the means for these scale factors
were 0.00024 and 0. 00019 arcsecs .per unit respectively. It should -also
be noted that special scale factors were used for the observatiohs made

during the two observing runs most affected by the shift problem.



107.

Because of the non-linearity of the scan it is not possible to give
accufate scales in arcsec/bin (i.e. arcsec/step). However the following
very rough values give an idea of the scales used. The 5 mm wobble
piate scales are given in brackets after the 3 mm plate scales.

50 cm Telescope  0.20 (0.33) arcsecs/bin
75 cm Telescope 0.14 (0.24) arcsecs/bin

100 cm Telescope 0.11 (0.18) arcsecs/bin

7.5 The UBVCON Program: Principles

This program calculates magqitudeé and colours of the components
of double stars from the differences in magnitude in V, B and U and the
separations between the components in seconds of arc from the fitted
values in arbitrary units. The photometric and astrometric calculations
are essentially separate so an option is included in the program which
allows the photometric calculations only, the astrometric calculations only,
or both sets of calculations to be performed.

The data cards produced by the fitting program must be sorted by
hand. The cards containing the data for all observations on a star are
arranged behind a "heading'" card containing information on that star.
These heading cards are actually the same as the ones used by the MAG-
CHK program. For variable stars combined light magnitudes and colours
for each observation can be supplied. Otherwise the combined light
vp‘llues given on the heading card are used in the calculations. Other cards
<;an be inserted amongst the data cards for various purposes. Provision
is made for exeluding_ individual magnitude differences from the means.

The scale factors to be used and look-up tables enabling the date, telescope,
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filters and tube used énd wobble plate and gearing used to be ascertained
for any observaﬁon are supplied on cards. These are read before the
data cards pertaining to the individual stars. |

The main program UBVCON reads and prints various preliminary
data and the look-up tables. The data for one star is then read.
Various rearrangements of the data are done by the subroutine PRELIM =
before the subroutines in which the photometric and astrometric calculations
are done are called.

The subroutine UBVCLC calculates the magnitudes and colours

for the components of a star. The fitted differences in magnitude in

- U, B and V are first corrected (using subroutine CORREC) to bring them

onto the UBV system. The magnitudes and colours of the components are
then calculated by one of two methods. Either the V, B and U magnitude
differences are weighted and averaged separately and the mean d_ifferences
used to calculate the magnitudes and colours of the components (using
subroutine MAGCOL) or the magnitudés and colours of the components are
calculated for each observation (using MAGCOL) and the weighted means .
of these calculated. Variable stars for which combined light photometry
is supplied for each observation are always treated in the latter way.

For the first method the weights used are proportional to the inverse

of the sum of the squares of the fitted percentage errors in the peak
heights of the components (see Section 6.6). For the second method ob-

taining weights is rather more tedious but the basic idea is the same.

 In neither case are there limits on the permitted weights.

The residuals with respect to the weighted means, the weighted

_';x;esiduals and the standard deviations of the single readings and of the
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means are then calculated. For.ea.ch mean the result which has the
highest weighted residual is rejected if the probability of obtaining this
residual is less _than 1/(2 x number of results in mean). If any results
are mjectgd the appropriate means anelnecalculated. This procedure is
repeated until no more results are rejected. In the case of the method
using averaged magnitude differences the mag‘nitudes aﬁd colours are 'gal—
culated once the last of any rejectiéns of results have taken place. The
errors in these magnitudes and‘ colours are then estimated. Suitable
printing is done and the final magnitudes and colours are punched.

The subroutine SEPS calculates the separation in arcsecs for the
components of a star. For each observation the appropriate scale factor
is selected (sée Section 5.2) and the separations in arbitrary units as
fitted by the fitting program to the 'profiles obtained usihg the various
filters are converted into seconds of arc and averaged. The (unweighted)
standard error of this mean is calculated - usually there are only 3
separations measured per obsezfvation. The separations obtained from
the various observatio.ns are then averaged, with weighting as the inverse
of 100 x std. error of mean sep. for observation/mean sep. for observa-
tion)2 i.e. essentially— as 1/ (perce»ntage error)z. A maximum weight of 4
is arbitrarily ’imposed. This corresponds to a standard error of the
separations from one observation of 3% of the mean sepération. No mini-
mum weight is set. The mean ‘separations (and their standard errors)
for observations made using each different telescope/wobble plate/gearing
are calculated as well as the mean separation for all the observations
together with its standard erro;' and (weighted) epoch. Provision is made

for excluding observations from the mean. All the calculated separations,
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means, errors and so forth are printed and the final mean, its error,
its epoch, and the number of observations in the mean are punched on a

~ card.

7.6 - QObtaining the final magnitudes and colours

The stars were grouped into batches and the UBVCON program was
run on the data for these batches. Each batch was analysed by both of
the methods outlined in Section 7.5 above to obtain magnitudes and colours.
Several runs of the program were usually necessary as minor alterations
~had to be made to the data.

There were iiery few stars for which the colours obtained for the

- components using the two methods of analysis were significantly different.
These were mostly stars for which the colours had large errors by either
method. However it was found that the errors in the colours were fre-
quently mﬁch greater using the method of analysis which averages the
magnitude differences for each filter and then caiculal;es magnitudes and
colours of the components. This indicated that systematic effects were
prevsent,v the magnitude differences for the colours tending to move together.
The alternative method was thus preferred and the results it gave were
used for the final colours and errors. Using this method the (weighted)
standard errors of the single readihgs showed up the same effect. In
fairly many cases high standérd error of a single reading for V magnitude
of a component shovs}ed that the scatter in V values was higher than the
fitting errors used in the weighting would suggest. However for the
colours of the corAn‘ponents the‘ standard errors of the single readings were

uéually as expected.
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There were probably many causes for this tendency of the fitted
magnitude differences for the different filters to move together. One cause
probably was a systematic (seeing-dependent?) incorrect fitting of the
secondaries in scans with badly overlapping profiles. These scans would
be those of very close stars with fairly large magnitude differences observed
when the seeing was not so good. We do not believe that this is a serious
effect but investigation of its severity is difficult. The tests with different
normalizations (see Section 6.8.2) suggest that systematic errors of up to
a few tenths of a magnitude (several times the fitted error) might 6ccur in
some cases. On the other hand_agneement between observations made on
some very close stars under a Wide variety of conditions suggests that
serious systematic errors'do not occur. For'some close stars .a' relation
between fitted magnitude difference and seeing was looked for but- not found.

It would be possible to observe a ‘wide star repeatedly on. one night
at various scan angles s¢ as t§ make the'profiles of the components over-
lap by different amounts. ' 'Systematic fitling errors should then be easily
seen. It might even be possible to draw’'up a table of systematic correc-
tions to be used on magnitude: diffémnces ofiiclose stars. However our
experience suggests' that essentially random errors are a more serious
problem for close doubles of medium or large magnitude difference and
that obtaining sufficient observations, in adequate seeing, to give a reason-
ably accurate result tﬁay take'a long time.

Another possible cause is use of slits with possibly non-parallel
sides. This does not seem to have been a significant factor however.

In any case most stars were scanned horizontally (see Sectioﬁ 4.3). As

mentioned in Section 5.6 internal reflection images can cause errors in
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the magnitude differences in the case of stars with large magnitude
‘differences. These errors would be largest (with magnitude differences
too small) when the first internal reflection image of the primafy falls
directly on the secondary's iﬁage. As a consequence of our habit of
positioning the stars at roughly equal distances from the centre of the
scan this coincidence of images is unlikely. This is especially so in thé
case of stars with large magnitude differences as these were mostly-
wide. It seems that the first internal reflection 'unége may cause a
" scatter in the observed magnitude differences on some stars but it is ver&
unlikely that any significant systematic depressal of the magnitude differences
occurred. |

The major cause of the systematic effect was certainly the incorrect
centreing of the wobble plate oscillations discussed in Section 7.4. Coh- |
siderable time was devoted to a thorough investigation of the effects of
wrong centreing on the magnitudes and colours obtained. It would be ex-
pecfed that wrong centreing would affect the magnitude differences for all
filters by the same amount, this amount depending on the separation of the
star and the number of bins by which the centreing was out. For ;:lose
stars and small errors in the centreing, the displacement of the magnitude
differences from their true values would be extremely small. As explained
in Section 7.4 tests showed that the maximum error in the magnitude
differences would be about omz These tests showed that the magnitude
A differences on a given star were out by roughly the same amount for the
various filters. The calculated colours of the components should therefore
be unaffected by this so;xrce of error. However the V magnitudes could be

seriously affected. A thorough check of the fits showed that the wobble
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plate must have been wrongly centred by small amounts for a iarge number
of observations but that it was wrongly centred by very large amounts on
a few occasions and in particular during two of the last observing runs.

It was found possible to estimate roughly. the size of the error in the V

_ magnitude difference.. "~ A star by star check was therefore made. Very
few stars we.re found whose final results were liable to be significantly
affected by the error. This was partly because the affected observations
usualIy had high fitted errors and were therefore given low weights, partly
because so many observations were usually made on each star and partly
because the effect was small for very close stars and hence hard to detect
especially for stars with large magnitude difference. Badly affected ob-
servations on these few staré were mfitted using bin positions shifted by
30 channels (see Section 7.4). The data for seven stars were then re-
analysed usin,;,r UBVCON. The new magnitudes and colours are quoted in
the table of results in Chapter 9. The most seriously affected star was
HR 2870/1, an 8!'89 double on which only 3 observations were made, all
.during the same observing run, all badly affected by the bad' centreing,
and all made in the '"horizontal' position (see Section 4.3). The new

V magnitude Mdifference was 0218 higher whereas the colours of the com-
ponents were changed by less than 0701. One other star, also one on
which only 3 observations were made had its V magnitude differenée in-
creased by d™0. The other stars reanalysed showed rather smaller
changes. Usually the standard errors of the means are quoted in the table
of results ih Chapter 9. However for 5 stars whose results are suspected
of being affected by wrong wobble plate centreing, but whose data were not

reanalysed, errors d 02 or dn 03 larger are quoted. We believe that there
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are no V magnitudes quoted in the table for which the error due to this
effect significantly e;cceeds the quoted error. However there may well be
a number of stars, especially amongst those wider doubles for which sepa-
rations are given in parentheses, for which ‘the V magnitude difference is
in error by up to about 0705 due to this cause. There should not be any
systemétic over- or under-estimating of magnitude differences because of
these errors.

The program occasionally rejected discordant results. Others had
to be rejected by hand. It was found that the observations on a few nights
gave results which differed from the means forvthe stérs concerned by
much more than their errors indicated. This was connected with the
wobblev plate centreing problem already mentioned. It was also found that
sometimes observations made on wide stars bin very bad seeing gave un- |
realistically small fitted errors. Since there is no maximum weight in
this part of the UBVCON program the magnitude differences for such an
observation, although significantly wrong, could dominate the result on a
‘star leading to a large actual error. A search was made to see whether
this had happened in practice. ' Fortunately it had not occurred.

For most stars the corrections to the magnitude‘ differences to
bring them onto the UBV system were small. However for some stars
the corrections were significant (up to about 013110) so that more careful
monitoring of the colour equations would be worthwhile.

-It is not possible to detect the effects on the magnitude differences
of the rejection of scans during the scanning procesé (see Section 3.4.2). |
1t is likely that the effect would be a small overestimate of the magnitude

differences. However rejection of scans rarely occurred so errors due

to this cause can be neglected.
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The results indicate that it is possible to obtain reliable magnitude

differences in cases where the peak height of the secondary is comparable
with the background or even considerably less than it. This is only possible
though Qhen the seeing is such that the profiles of the components do not
overlap significantly. Bright mooniight is therefore not a serious limitation
on the use of the area scanner. Figures 14 and.15 (see Section 6.11) show
two observations of the 6!'2 double HR 1058 with the U filter. The obser-
vations were made five weeks apart and give magnitude differences of

£440 + 046 and 4435 + %021 respectively. In figure 14 the background
is about 4.7 times the peak height of the secondary. This is an extreme
case. Very few observations were actually made with background substanti-
ally greater than the peak height of the secondary. The agreement between
the magnitude differences for the two observations illustrated is exceptional
~and not typical.

We were not able to confirm variability of any of the constant or
suspected variable stars in our program. The nature of our program and
the paucity, irregularity and inhomogenéity‘of our observations made it
unlikely that variations of less than about 02 would have been detected.

Discordant magnitude differences could usually be explained in terms of one

- of the sources of error.

7.7 Obtaining the final separations

The separations were obtained using the UBVCON program. Several
runs were necessary on each batch of stars. It was found that all obser~
vations on two nights gave separations which were of too poor quality to

" be used. Observations made with the stars not in the horizontal position
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were of course excluded from the means. Some discordant separations
were also excluded. A few of thése were probably discordant because the
observations had been erroneously recorded as horizontal. The error
caused by setting the turntable a few degrees off tﬁe true horizontal position
is small and should not be responsible for any noticeably discordaht results.
The c;bservations. of the separation standards are also liable to this error
s0 no systematic underestimating of separations should occur because of it;
For some discordant separations the profiles and/or the fits made to them
,by. the fitting' program were extremely poor. | |
The results for each star were carefully examined. In particular
~ if the mean separation for‘ a star depended only or mainly on one observa- |
tion the mean was rejeqbed. Most means which depended only or mainly
on several observations made dur_ing the same observing run were also
rejected. This was because of the possibility of the .separa.ti(vms obtained
on any one observing run being systematically incorrect because of wrong
centreing of the wobble plate. With one exception all means with standard
errors greater than 0!'07 were rejected. T'here were also some stars
" for which no horizontai observations Were made. The separations obtained
for separation standards are not included in the table of reéults in Chapter 9.
No refraction corrections to the separations were made. Even
for the largest zenith angles we used the refraction correction to the
separations of the widest stars would not exceed 0Y01 or about 0.1% which
ivs much less than our scaling errors:apd also much less than our random
observational errors.
Systematic errors in the fitted separatiox}ms‘may occur for very close

stars with large magnitude difference. This possibility was not experimentally
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excluded. It would be possgible to observe a wide star of large magnitude
diffenenoe at various scan angles and to compare the fitted separations

in the non-horizontal scan éositions with values calculated from the horizon-
tal. (i.e. maximum) separation and the appropriate angles. It is believed
however that the main causes of error in our separations were the wobble
plate centreing prbblem already mentioned which caused errors of several

p_eroent and the more or less random fitting errors.
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CHAPTER 8

COMBINED LIGHT UBV PHOTOME TRY

8.1 ~ Motivation

In order to calcﬁlate magnitudes and colours of the components of
double stars from magnitude difference measurements it is neceééary to know
the combined light magnitudes and colours for the stars at the time of observa-
tion. Since most of the stars in our program were constant it was sufficient
to use com‘bi_ned light photometry from the literature for these stars. A
search of the literature was made but for many stars.no photometry could.
be found. For many others no (U-B) or only a (U-B) on the Cape refractor
gystem could be found. For a few stars the photometry in the literature
was discordant. It waé therefore necessary to do combined light UBV

photometry observations on a substantial number of stars.

8.2 Method

The observations were mostly made during time which would other-
_Wise have been wasted. This occurred in a variety of ways. Very
| occasionally the seeing was too bad for area scanning although the night
was photometric. On other nights equipment faults prevented area scanning
‘but either the phototube and amplifier were still working or a conventional
photometer was available which could be quickly mounted on the telescope.
On one occasion sudden illness of another observer made availablev éeveral
nights of observing at less than 12 hours notice. In consequence the ob—
servations were made with three different photometers - pur own photometer

using a Monsanto pulse counter and hand recording of the counts, the
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South African Astronomical Obséwatory (SAAQ) 'tin can' photometer (DC
system with Brown recorder) and the SAAO People's Photometer (DC
system with integrator and Brown recorder).

Since great accuracy was not réquined no attempt was made tq use
sophisticated observing procedures. Mean extinction coefficients of o’.”iz,
0?53, 048 per air mass were used for V, B, U respe-ctively. In the

event the accuracjr obtained was extremely satisfactory.

8_.3 The results

The results were given in a published paper (Hurly 1975) which
is reproduced below. Some of the stars for which results are quoted m
this paper are not included in thé table of area scanning results in Chapter
9. In most cases this is because they are in fact difficult or impossiblé

to observe successfully with the scanner.
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Nos. | & 2, February 1975 7

Observations

COMBINED-LIGHT UBV PHOTOMETRY OF
103 BRIGHT SOUTHERN VISUAL DOUBLES*

P.R. Hurly

) Combined-light UBV photometry of 103 bright southern close visual doubles is
presented. Most of the pairs have separations between 1 and 10 seconds of arc. The
UBV photometry of these stars was required in connection with a programme to obtain
magnitudes and colours of the components. Values of V and B-V for maany of the stars
were already available but these stars were observed in all colours so as to obtain
measures of U-B and to check on the V, B-V photometry. In addition, a few stars

for which UBV photometry was available were reobserved because the values published
by various authors were not in complete agreement.

All the observations were made during 1974 using the 50 cm and 100 cm reflectors
at Sutherland. Three different photometers were used, two of them incorporating
conventional d.c. systems with chart recorder, the third using pulse counting. Al-
though the observations made with the pulse-counting photometer were found to be
somewhat less accurate, all the observations have been used without weighting as this
was adequate for the present purpose. E Region stars (Cousins 1973) were used as
standards. Mean extinction coefficients were used to reduce observations to the zenith.
The filters and photomultiplier tubes used gave results very close to the standard UBV
system and only small corrections were required.

For most stars 2 or more cbservations were made. Inthe few cases where only
1 observation was made U-B alone is quoted, values of V and B-V of much higher
weight being already available from Cape photometry. The number of observations is
given in the column headed '"n" in the table. An "N in the column headed Notes refers
to a note at the end of the table.

For 71 stars not suspected of variability a comparison between this paper and
published Cape photometry was made. The arithmetic mean of the differences in V
was 0,000 and in B-V was 0:002. The root mean square of the differences was d 015
in V and 0,012 in B-V.

*Received 17 January, 1975; accepted 27 January 1975
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8 : PR Hurly MNASSA, Vol.34

HR n a (1900) § 1% BV U-B n Notes
24 493 ooho4.2 -28%33' 5,41 +0.42 +0.06 2
199 4294 00 40.2 -63 03 6.08 +0.44 +0.11 2
251 5156 00 48.3 =25 19 6.45 +0.44 +0.01 2
6334 00 §9.2 -60 38 6.82 +0.47 +0,03 2
436 9228 . 01 25.7 =26 43 +1,46 1
479 10241 01 34.9 =53 57 6.83 +0.44 +0.09 2
514 10830 01 41.0 -25 33 5.29 +0.39 -+0.00 2
15994 02 29.1 -06 04 7.14 +1.08 +0.93 2
848 17793 02 46.2 =36 15 5.91 +0.90 +0.61 2
1058 21635 03 24.3° =36 12 +0.08 1
11857 23508 03 40.6 -40 58 +0.95 1
1168 23697 03 42.0 =54 3§ v +0.89 1
1359 27490 04 15.3 =34 09 6.36 +0.13 +0.10 2
1372 27657 04 16.5 -63 30 , -0.26 1N
1771 35162 05 17.7 =24 52 +0.39 1
2412 46860 06 30.5 =58 41 5.69 -0.06  ~0,17 2
2433 47247 06 32.5 ~22 32 » -0.53 1
2468 48189 06 36.9 -61 27 6.19 +0.62 +0.10 2
2482 48543 06 38.9 -38 18 6.28 +0.34 +0.10 2
1 2501 49131 06 41.7 =30 51 5.81 -0.19 - «0.86 2
2674 53921 07 01.7 ° =59 02 5.51 ~0.13 " =0.46 3
2677 ° §3952 07 01.9 =34 37 6.15 "+0.35  +2.00 2
2726 55718 07 08.3 =36 23 5.93 -0.14 . =0.63 2 N
2813/4  57852/3 07 17.9 =52 08 5.52 +0.48 +0.01 2
2482/3  $8634/5 07 21.2 =37 06 6.15 +0.25 +0.15 2
2870/1  §9499/500 07 25.0 =31 39 5.94 -0.16 -0.67 2
2948/9  61555/6 07 34.7 =26 34 3.83 . -0.16 . =-0.57 4 N
3035 63465 07 43.9 -38 ié6 5.07 -0.11 -0.65 2
3062 64067 07 47.0 =56 09 5.58 +1.13 +0.83 3
3079 . 64379 07 48.5 =34 27 5.01 +0.45 . ~0.05 2
3208 68242 08 06.4 ~42 21 6.25 ~0.04 -0.32 + 3 N
3251 69445 08 11.9 =30 37 6.20 +0.78 +0.34 3 .
3260 69863 08 13.7 -62 36 5.17 +0.11 +0.09 3 N
3267 70003 08 14.5 =37 04 6.70 +0.25 ~0.03 2
3358 72108 08 25.9 -47 36  5.34 ~0.15 -0.78 2 W
3359 72127 08 26.1 ~44 23 . -0.80 1
3371 72350 08 27.3 =44 24 S ‘ . =0.49 1
3373 72436 08 27.7 =38 44 €.30 ~0.14 -0.56. 2 v
3432 73887 08 35.5 =62 30 5.45 +1.04 +0.83 2
3439 74067 08 36.6 -39 55 . ~0.08 1
3489 75086 08 42.7 . ~-58 22 6.20 -0.08  -0.47 2 N
3542 76230 08 43.6 =51 45 ‘ ~0.13 1
3715 80773 09 16.5 =31 20 €.80 +0.01 ~0. 04 2
81695 08 22.1 =29 00 8.68 +0.36 - +0.01 3
3752 81830 09 23.0 =61 31 +0.12 1
3780/1 82383/4 09 26.5 «31 27 5.76 +0.05  +0.05 2

VAV
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HR

3817
3831

3925

4118
4135/6
4266
4290
4411

4443/4
4469
4577
4628
4718

4835
4952
5120
5122
5141

5234

5362
5375
5428

5497

5663
5683
5697

5738
5756
5900
6006
6080

6097
6105/6
6236
6244
6344

6438
6645
. 6693/4
6759
6780
7959/60
7389

HD
82984 09
83368 09
85100 09
85980 09
90972 10
91355/6 10
94683 10
95324 10
99333 11

100286/7 11

100893 11

103974 11

105686 12

107998 12

110532 ~ 12

113904 © -13

118349 13

118384 13

118991 13

121336 13

121579 13

125383 14

125721 14

127624 14

129926 14
134799 15

135236 15
135734 | 15§
1136347 15
137465 15
138268 15
142049 15
144927 16
146954 16
147553 16

147722/3 16
151556 16
151771 16

154310 16
156768 17
162220 17
163755/6 17
165493 18
166023 18

198160/1 20
188732 20

122.

UBYV Photometry of Visual Doubles

o (1900) §&
30,1 ~-48 34
32,8 =~48 18
44.5 =34 33
50.3 -44 49
25.0 =30 06
27.7 =44 33
50.6 -61 18
56.2 =60 47
20,7 =37 12
27.3 28 43
31.6 =33 01
53.3 -~40 23
04.9 =34 09
19.4 =40 50
37.7 =58 21
01.7 -64 46

31.2 =25 59
31.6 =57 54
35.3 =54 03

49.8 =53 38
$1.2 =27 10

13.9 -42 36
16.1 =47 52
27.2 =30 16
40.2 =25 01
06.7 =36 52
08.9 -47 42
11.6 ° =47 30
15.0 =37 s1
21.1 =51 15
26.0 ~-19 49
47.1 =59 53
03.2 =32 23
13.8 -39 11

17.5 =32 58
18.4 =29 28

43.0 -49 52
44.3 =37 20
59.6 =37 0§
14.3 =57 55
44.8 =30 32
52.7 =30 15
01.1 =45 47
03.6 =30 45
43.3 =62 48
47.1 =24 09

v

5.11
6'17
7.32
5.71

5.65

5.93
6.17
5.88

4.99
5.73
6.79
6.16

6.24

6.45
5. 82
5.39
6.43

5.00

(=%
.

L=
(=9

NEN BALNA ann
NV DV OWOD ODL:
NOQOQ®® Vo e

6.18
6.11

6.46
5. 41
6.45
6.10
5.97

5.86
6.46
4.98
6.13
5.52
5.67
6.32

B-v
~0.12
+0.27
+0.26
~0.12

~0.04

+1.76
-0.06
+1.54

+0. 53
+1.02
+0.96
+0.03
+1.17

+1.12
-0.02
+0.23
+1.12
=0.05

+0.07
+0.92

-0.13
+1.03

+0.35 -
. +0.23

+0.21

~0.03 -
~0.06 -

+1.09
+0.23
+0.36
+0.79
-0.07

+0.01
+0.59
+0.33

- +0.12

+0.07

+1.08
+0.04
+1.63
-0.08
+0.98
+0.16
+0.88

U-B
-0.59
+0.12
+0.12
-0.56

~0.18
-0.62
+2.00
~0.30
+1.71

+0.02
+0.83
+0.70
=0.02
+1.06

+1.00
~0.87
+0.17
+0.93
=0.22

+0.04

+0.06

+0.60
-0.90
+0.84

+0.08

+0.11
+0.09

. =0.41

-0.29

+0.76
+0.12
+0.11

+0.45

~0.21

-0.02
+0.12
+0.07
-0.15
+0.09

+0.86
-0.04
+1,582
-0.48
+0.70
+0.0?
+0.56

MO WO W0 MW AL W AWN WM UWM WWMMHM WMWK MWW MMM 00N X

Notes
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HR

8202
8386
. 8501

8540
8602
8760
8793
8956

8966
8839
8026

123.

P.R, Hurly
HD a (1900) § 4
204018 21 20.6 =42 59 5.50

209014 21 §5.1 -28 56 5.43

211415 22 11.7 -54 07 5.38

212581 22 20.2 -65 28 4. 580

214150 22 31.1 -41 06 5.86

217642 22 §7.0 ~36 57 6.46

218268/9 23 01.5 -51 14 5. 82

222004 23 31.8 =32 2§ 6.51

222287 23 34.1 -47 12 6.08

222872 23 39.3 =26 48 6.18

223466 23 44.6 =25 53 6.43

Notes

HR - . HR

1372 Suspected variable GCVS 100382. 4835
Present observation agrees with
Corben (1971) tn V, B-V within
errors. Suspected as variable 1952
by Gould (1878).

8?28 Sunpected variable GCVS 102561,
V differna from Cape renull, an
correntod, tn Johnoon at al.
(1966) by -0704. Liated an 5234
posoible variable by Baize (1962)
on basis of widely varying visual 5375
esfimates of A m.

2948/ V, B-V agree with Coustins (1971)

9 and differ from Catalina res%lt

in Johngon et al (1966) by +.03, 5683
4703 respectively. U-B ie closer
to the Catalina value. :

3205 V differs by -0703 from Corben 6738
(1966). :

2260 B-V differs by +703 from Cape 900
result, as corrected, in Johnson
et al. (1966).

3358 Component C, 18" away, was exclud-
od. 6344

3373 Component C, 30" avay, was exclud=
od. 6653/

3489 Components C, 50" away, and D, 60"
away, were excluded.

4118 Suspected variable GCVS 101131, 6386
V, B-V agree with Cape result in
Johnaon et al. (1966). Suspscted
as variable by A. Stanley Williams 8640
(1897).

4266 The oompanion was mot seen.

MNASSA, Vol. 34

B~V U-B n- Notee
+0.39 +0,15 3

- =0.08 -0.34 3w
+0.60 +0.06 2
-0.01 -0.07 "3 N
+0.06 +0.05 2.
+0. 94 +0,71 2
+0.48 +0.01 3
+1.26 +1,21 2
+0.24 +0.09 3
+0.48 +0.08 2

+0.13 2

40. 11

Component C, d78, 30" away was _
excluded.

Disagreement with Hogg (1958)
result as quoted in Washington
Photoelactric Catalogue is not
real. Hogg'o recult tie for A
only and in minquoted.

Component €, 28" away, wan ex=
cluded.

A range of d706 wae measured in
V but this ie probably not real.
Vv, B-V agree with Cape result
in Johnson et al. (1966).

Component C, 75, 24" away, was
excluded.

B~V differs by 0.03 from Corben
(1966).

Suspected variable GCVS 101532.
V, B-V agree with Cape result in
Johnson et al. (1866). Suspect=
ed as variable by Gould (1879).

V differs by -0.03 from Corben
and Stoy (1968).

Suspected variable GCVS 7736.
V, B~V agree with Cape result in
Johnson et al (1966). ’

U~B differs by +0.08 from
Cravford (1963) where the result
was based on only 1 observation.

V differs from results in
Johnson et al. (1966), Stoy
(1968) and Cousins (1871).
gtar may vary by d70¢, the
different reeulte being due to
bad sampling.

The
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CHAPTER 9

THE RESULTS

9.1 The observed stars
The results of observations on 145 stars are given in Table I. All
the stars are in the Catalogue of Bright Stars (Hoffleit 1964) and they are
all southern, most being south of -250. The separations vary between the
limits 0.8 and 14 arcsecs. Most of the stars in the Catalogue of Bright
Stars with declination south of -250, Separationé between 2 and 10 arcsecs
and V magnitude differences less than Lo are included. The results of
observations oh 8 other stars are given in Table Ib. These stars ére all
included in the Henry Draper Catalogue and are also all southern. All

but three of them were observed_ primarily as separation standards.

9.2 The tables lof results
In Tables I and Ib the columns contain the following information
for each star:-

| Col. 1 : The numbef of the star in the Catalogue of Brigﬁt
Stars (Table I) or in the Henry Draper Catalogue
(Table Tb). |

Col. 2-4: - The combined light UBV photometry used in calculating
UBV for the coxﬁpon_ents.

Col. 5 : A code number indicating the source of the combined
light photometry. The sources are identified at the end

~ of Table Ib.



Col-

Col.

Cols.

Col.

Col.

Col.

Col.

Col.

6

7 :

8-13 ;

14 :

15 :

16 :

17

18 :
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The V magnitude difference between the components.
The error (s.e. of [weighted] mean) in the magni-
tude difference (in hundredths of a magnitude).

The magnitudes and colours of the components and
their respeétive errors (s.e. of [weighted] means).
The errors are in hundredths of a magnitude. The
reéults for the brighter component appear above
those for the fainter component.

The number of observations uéed in obtaining the
results in columns 6-13.

The éeparation between the compdnents in arcsecs.
Values in parentheses are not original results (see
Section 9.3). Separation standards afe indicated vby
an asterisk.

The error (s.e. of [ weighted ] mean) in the separa-
tion in hundredths‘ of an arcsec.

The number of observations used in obtaining the
results in columns 15-16.

Remarks and references to notes. Unacknowledged
remarks are mostly from the Index Cataiogue éf_
Visual Double Stars (IDS) (Jeffers et al. 1963) or
the Catalogue of Bright Stars (Hoffleit 1964) or are
original. GCVS is the General Catalogue of Variable

Stars and its supplements.
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137.

Source references for Table I

Johnson et al. (1966)
Cousins (1971)

Hurly (1975)

Hurly, P.R. Unpublished.
Lake (1964)

Lake (1965)

Corben (1966)

Corben and Stoy (1968)
Corben (1971)

Cousins and Lageﬁey (1970)
Alexander (1970)

. Cousins (1970)

Carter et al. (1971)
Corben et al. (1972)
Cousins (1972)
Cousins (1973a)
Cousins (1973b)
Cousins (1973c)
Westerlund (1963)
Cousins (1973d)
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HR 486/7

HR 514

HR 963

HR 1405

HR 1504

HR 2158

HR 2162
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Notes to Table 1

~ The separation is for 1973. 37.

1 measure of the separation is in agreement with the epheme ris
calculated from van Albada's 1957 orbit by Muller and Meyer
(1969) rather than the ephemerides calculated by Muller and
Meyer from the orbits by Luyten-Ebbigh and Landi Dessy.

- The separation is for 1974.55 and does not agree with the separa-

tion given by the orbit of Mourao (1969). Mourdo's orbit has
i= 1800. e = 0 and a = 4''652. Semi-major axis a is apparently
based on mean of all observations quoted by Mourdo. These
range from 4!'04 to 4'91. Photographic measures given by Thé
(1970) for 5 seasons during 1951-8 have mean 41791 + 0:'022.

The separation is for 1974.36 and does not agree with the
ephemeris calculated from van den Bos's 1956 orbit by Muller
and Meyer (1969) which has 1973.0 2!'72, 1974.0 2!'"77 and
1975.0 21'82. Worley (1972) obtained 1972.077 325 293%

giving residuals of +0V57, -9%6 with the orbit. Holden (1975b)

obtained 1975.100 2141 293%4 giving residuals of —0’.’41,'-10?4
with the orbit. Holden (1976) obtained 1975.135 239 294?3

giving residuals of -0.'43, -995 with the orbit.

The separation is for 1973. 82.

The separation is for 1974.12. Ephemeris calculated from
Wierzbinski's 1957 orbit by Muller and Meyer (1969) has
1973.0 2170, 1974.0 2!'"73, 1975.0- 2!'"77. We find a poéition
angle of about 90° agreeing with this orbit rather than with

Holden (1975b, 1976) who finds 270° approximately.
The separation is for 1974. 29.

The separation is for 1973.97. Ephemeris calculated from
Heintz's 1960 orbit by Muller and Meyer (1969) has 1973.0
2140, 1974.0 2V41, 1975.0 21'42. Measurements of combined

light magnitude and colours during the present observations



HR 2468

HR 3327/8

HR 3358

'HR 3399 .

HR 3574
HR 3817
HR 3831
HR 4065
HR 4370

HR 4730/1
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agreed closely with the values quoted in the table. However

Stoy (1968) gives V = 6.66, B-V = +0.74 and Johnson et al. (1966)
gives V = 6 57, B-V =+0.72. The Johnson et al. result is based
on observations made at the Cape during 1954. The present |
diffe rential observations are not sufficiently accurate to confirm

or deny variability.
The separation for 1974. 67.

Jgrgensen (1972) discovered A = HR 3327 to be an Algol type
eclipsing binary with period 1?125686. He gives A y (Stromgren)
= 0767 out of eclipse. BC has very small separation (IDS gi\}es
01 in 1956) and was not resolved. The combined light UBV is
uncertain as it is baséd on only 1 obsérvatipn by us but several -
unpublisl;ed observations of V and B-V made at the Cape in 1962
and 1966 Were used to improve the weights of V and B-V. See
note to Table II. |

IDS gives 01 (1959) for AP. A is SBl. Another star C is 18!'8
from A (1934) and was not included in combined light or
differential photometry. See note to Table II.

Corben (1966) gives range 0209 in V, 0,09 in B-V for combined
light. Combined light UBV was not measured simultaneously
with differential observations so star was assumed constant in
the reductions. Errors quoted for primary in Table I may |
therefore be unrealistic. Range in A V greater than d 09
measured but this is partially due to observational errors due

to the closeness of star. See note to Table II.
The separation is for 1974. 33.
The separation is for 1974.15.
The separation is for 1973.94.
The separation is for 1973.93.
The separation is for 1973.84.

These 7 observations were made on only 3 hights. The separa-
tion is for 1974.41.
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HR 4844

HR 5234
HR 5497

HR 5683

HR 5851 /2
HR 5900
HR 5904

HR 5952

HR 6029

. HR 6134
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The separation is for 1974.41 and does not agree with the
ephemeris calculated from van den Bos's 1936 orbit by Muller
and Meyer (1969) which has 1973.0 1165, 1974.0 1165,
1975.0 1!'65. Holden (1974) obtained 1974.263 '1!'52 360?5
giving residuals of -0\'13, +124 with the orbit. Later ‘Holden
(1976) obtained 1975.153 161 358°1 giving residuals of -0104, ,
-0°8 with the orbit.

The separation is for 1974.43 and does not agree with the epheme-

‘ris calculated from Mourdo's 1964 orbit by Muller and Meyer

(1969) which has 1973.0 1!37, 1974.0 1137, 1975.0 1V37.
The residual with the orbit is thus -0!'16. Mourdo (1964) lists

‘the observations used in the orbit calculation. Observations

by Mourao in 1961 and by Heintz in 1955 give residuals of -0'16, |
-0!"14 respectively. Holden (1975b) obtained 1975.248 1!'31

21?5 and Holden (1976) obtained 1975.126 1143 2476 giving
residuals of -0105, -48 and +01'07, -197 respectively.

The separation is for 1974.11.

. The separation is for 1974. 61,

C is 24", 7‘.“2, common proper motion, and is not included in the

photometry. The separation is for AB and is for 1973.96.
The separation is for 1973.33.
The separation is for 1973.79.
The separation is for 1974.01.

AB was not resolved visually. The presence of a close companion
with such large magnitude diffe rence should cause no significant

error in our results.

" The separation is for 1973.98.

The observations were made on 4 nights. The separation is for
1974.76 and is about 0V'2.larger than the orbits by Hopmann (1957)
predict. Recent measures by Holden (1974, 1975a) are 1974. 269
2V81 and 1974.514 2V91. See note to Table II.
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HR 6426

HR 6751

HR 7226/7

HR 7398
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The northern component SHJ 243 A is brighter. This appears

to be HR6402 = HD155886 contrary to the normal numbering
method of the HR and HD catalogues. The separation is for
1974.08. The ephemeris calculated from Broche's 1958 orbit by
Muller and Meyer (1969) has 1973.0 4!'55, 1974.0 4V57, 1975.0
4!'58. A third star, C, K56V, 6r.n7, approximately 700" away has
common proper motion and parallax. There are two fainter

companions.

The separation is for 1974.44. One observation at 1973. 28 gave
1106 + 0.02. The ephemeris calculated from Baize's 1952 orbit
by Muller and Meyer (1969) has 1973.0 1113, 1973.5 1105,
1974.0 095, 1974.5 0V84, This system has been discussed
by Hirst (1947). Component C was then 30" away with separation
changing slowly. Eggen (1974a) gives VE = 101.’]26, B-V = +]T57,
U-B = +1r.nl7 for C. Component D, 137 0, moves rapidly with |

respect to AB and is probably optical. Neither of these fainter

components interfered with our observations of AB. Hirst gives

~ the mass ratio MB/(MA + MB) = 0.411 + 0.027. AB has large

proper motion. Our estimate of A V agrees well with values
given in Wierzbinski (1969) for photometric (1?102‘ + 6n 13) and
visual (lf1 93 + o 07) observations. Estimates of 175 from photoj
graphic plates by Stoy (Hirst 1947) and 2m5 by Harvard observers
(Eggen 1956) appear erroneous. See note to Table II.

The separation is for 1974.93.

The separation is for 1973.66. The ephemeris calculated from
Heintz's 1963 orbit by Muller and Meyer (1969) has 1972.0 1!81,
1973.0 1v77, 1974.0 1173, 1975.0 1!'69. Worley (1972) and
Holden (1974) have residuals of 3%2 - 497 in position angle with

respect to Heintz's orbit.

The separation is for 1973.61. Van Albada (1958) has 7!'757
(1951.7) and Luck (1972) has 7'654 (1967.6) so the pair may be

closing quite rapidly.'



HR 7959/60
HR 8140
HR 8148
HR 8280

HR 8635
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The separation is for 1973.92.
The separation is for 1973. 56.
The separaﬁon is for 1973.94.
The separation is for 1973.90.

The separation is for 1974.11.

Pair widening.
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9.3 Some comments on the results

~All the calculations were carried out to more significant figures
than are quoted in the tables. Rounding was then done by hand. As a
result of rounding some of the magnitude differences in column 6 differ
by 01?01 frdm the value obtained by subtracting the V magnitudes of the

components given in column 8. All errors were rounded upwards to the

next hundredth. It should be noted that no account was taken of possible
errors in the combined light photometry. When using the results allowance
should be made for this source of error. Since almost all the combined
light photometry used was in fact done at the Cape or ‘by us it seems
reasonable tb assume errors of 702 in V and U-B and 1 in B-V.
Errors of more than 0703 in combined light magnitudes or colours are
unlikely.

The method by which the magnitude differences and the magnitudes
and colours of the components were calculated is explained in Section
7.6. Comments on the external errors of our magnitude differerices are
given in Section 11.2,

The method used to obtain the mean separations given iﬁ the table
is explained in Section 7.7. The epochs of these separations are not
- given except in cases where there appears to be appreciable relative motion
of the components. An epoch Qf 1974.2 may be assumed where none is
“given. All observations were made between November 1972 and May 1975.

The separations given in parentheses are based on values given in
Luck (1972), van Albada (1958), Thé (1970, 1975) and the IDS and on our
own observations. It has been explained in Section 7.7 why our own re-

sults are not always quoted. The separations in parentheses are very
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inhomogeneous but we believe that none of them is in error by more than -
0.2 arcsecs. TFor these separations epoch 1974.2 may also be assumed.
See Section 11.4 for comments on the accuracy of the separations given to

two decimal places.
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CHAPTER 10

DISCUSSION OF THE PHOTOMETRY

10.1 Introduction

Table II which contains various estimates of the absolute magni-
tudes of the sfars in Table I has been drawn up in order to discuss the
astrophysical implications of the photometric results. We have also con-

structed colour-colour and magnitude-colour diagrams for the stars.

10.2 - The absolute magnitudes:

In Table II we make a comparison between the absolute magnitudes
of the stars as estimated by various methods. |

One method .of estimating the absolute magnitude of a primary is
to assume that its secondary is on the main sequence, estimate the abso-
lute magnitude of the secondary by- referring to a colour-magnitude diagram ‘
and then obtain an estimate of the absolute magnitude of_ the primary via
the observed magnitude difference. We used this method for all systems
where we had no'reason to susiaect that the (visual) secondary was not on

the main sequence and also for some systems with class IV or IV-V

- -secondaries. De-reddened colours were used where appropriate. A

colour-colour diagram constructed using the colours given by Fitzgerald

(1970) was used to estimate the reddening E Fitzgerald's main

B-V*

sequence two-colour locus is shown in Figures 30 and 31 and representative

points on it are given in Table III. A portion of the Class III locus from
Ey-B
Epv
used for the reddening lines. Only main sequence stars of spectral type A

Fitzgerald (1970) is also shown in the figures. A slope = 0,72 was
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TABLE 1III

Main Sequence Colours

B-V U-B B-V U-B . BV U-B
-0.32 -1.19 +0. 00 -Q, 01 +0.56 '+0. 04
-0.31 -1.14 +0.05  +0.05 +0. 62 +0, 08
~0. 30 -1.09 +0. 08 +0. 08 10.65 - 40.12
-0.28 -1.00 +0.12 ~ +0.09 © +0.68 +0. 20
-0.26 ~0.95 £0.20  +0.10 +0. 74 +0. 30
-0.24 -0.81 +0. 30 +0. 08 +0. 80 40.42
-0.22 -0.72 +0.32 +0. 03 +0.86 +0.48
-0.20  -0.68 +0. 34 +0. 00 +0. 92 +0. 67
~0.16 -0.58 +0. 40 +0. 00 © +0.95 +0.73

-0.12 -0.40 +0.42 -0.01 +1. 00 +1. 00
-0. 08 - -0.23 +0. 45 ~0. 02 +1.15 +1.06
-0. 04 -0.10 +0.48 -0.01 |  +1.33 +1.21

+0.50 +0. 00 +1.47 +1.24

or earlier were used in determining reddening as it was considered unlikely,
in view of their nearness, that any of the later type main sequence stars
would be appreciably reddened. There is an uncertainty of several hundredths
in' the reddenings given in the table due to the errors of the combined and
differential photometry, the finite width of the main sequence in the colour-
colour diagram and the uncertainty in the slope used for the reddeni_ng

" lines. Since the reddenings are so small this uncertainty in the reddening
is sometimes an appreciable fraction of the reddening itself. No blanketing
corrections were made. The colour-magnitude locus used for the main
éequence was based on the work of Balona and Feast (1975), Blaauw

(Table 4 in Blaauw 1963), Upton (1970) and Gliese (1971). Representative
points on this main sequence are given in Table IV and it is shown in .
Figures 32 and .‘;3. Our sequence follows Balona and Feast for -0.30 <

B-V <-0.07, Blaauw raised by about 0715 for -0.07 < B-V < +0.45,
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Upton for +0.45 < B-V < +1.30 and Gliese for 1.30 < B-V < 1.50.

TABLE IV

The Adopted Main Sequence Absolute Magnitudes

B-V My B-V My B-V My B-V My
-0.30 -3.5 | 0.10 +1.9 | 0.55 +4.4 | 1.15  +7.4

-0.26  -2.3 | 0.20  +2.35 | 0.60  +4.75 | 1.25  +7.8
-0.13 -0.35| 0.30  +2.8 | 0.70  +5.25 | 1.30  +8.0
-0.09 +0.4 | 0.40 +3.4 | 0.80  +5.75 | 1.35  +8.4
~0.07 +1.05| 0.45  +3.7 | 0.90  +6.25 | 1.40  +8.9

0.00 +1.4 | 0.50  +4.05 | 1.00  +6.75 1.45 +9.5

1.05 +7.0 1.50 +10.2

The absolute magnitude of the primary is also estimated from its
own (B-V) colour if it is classified as luminosity class V. For stars with
MK spectral type the absolute magnitude from Blaauw's calibration (Table
3 of Blaauw 1963) is given. Where necessary we interpolated between
Blaauw's values.

Trigonometric parallaxes from the Catalogue of Stars within Twenty-
Five Parsecs of the Sun (Woolley et al. 1970) and from the Catalogue of
Bright Stars (Hoffleit 1964) were used to calculate absolute magnitudes of
the primaries from theiij apparent magnitudes given in Table I. Trig.
parallaxes of less than 01020 were not used. Absolute magnitudes calculated
using dynamic parallaxes quotéd in the Catalogue of Bright Stars are also
}giyen for some stars. The magnitudes obtained from trigonometric and
dynamic parallaxes were corrected- for absorption assuming R = 3.3 for

those stars for which we have estimated the reddening.
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No allowance has been made for known or suspected duplicity of
either component when calculating the absolute magnitudes in Table II.

Some cases of duplicity are, however, discussed in the notes.

10.3 Explanation of Table II

The table is in two parts, Table II and IIb, in the same manner as
Table I. The columns contain the following information for each star:-
~Col. 1 : The number of the star in the Catalogue of Bright
Stars (Table II) or in the Henry Draper Catalogue
| (Table IIb).

Col. 2 : The discoverer's number as in the Index Cataiogue of
Double Stars (Jeffers et al. 1963).

Col. 3 : The spectral types of the components. These are
taken from the literature. - Spectral types given in
the literature without mention of whether they refer
to the primary or the secondary have been assigned
to the pfimary. In some stars where the cOmponenfs
are close and of similar brightness this is a risky
procedure. The type of the secondary is given in the
line ‘below the type of the primary.

Col. 4 : A code number indicating the source of the spectral
type(s) in column 3. The sources are identified after
the table.

Col. 5 : The absolute magnitude of the primary (top line) and
secondary. (bottom line) obtained by assuming the

‘secondary to be on the main sequence. See Section 10.2.
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The absolute magnitude of the primary, based on its
B-V colour, if it is class V. See Section 10.2.

The absolute magnitudes, according to Blaauw (1963),

~ of the components for which MK spectral types are

available. See Section 10. 2.

The absolute magnitude of the primary if a parallax is
available. See Section 10.2. Magnitudes based on
trig. parallaxes from Woolley et al. (1970) are identi-
fied by a W alongside the value of the absolute magni-

tude, those based on dynamic parallaxes from the

. Catalogue of Bright Stars by a D, whereas those not

accompanied by a letter are based on trig. parallaxes

from the Catalogue of Bright Stars.

Remarks and references to notes. Unacknowledged

remarks are mostly by us or from the Catalogue of
of Bright Stars. A value for reddening entered in the
line corresponding to the primary implies that both

components were reddened.
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TABLE 1II

Analysis of Photometry
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Remarks

F6 IV from Malaroda (1975).

Colours suggest K3-4 III.

Optical?

Primary apparently G5 III.

See note.
See note.

Colours suggest A4 V.
6?10 below two colour main seq.

Colours suggest B9.5. See note.
Colours suggest Al.

B9V from Buscombe (1969).
Colours suggest A3.

Houk and Cowley have
B9 ITII-IV. See note.

See note.



HR Name Spectrum S M M M M Remarks
: v v v v
1652  JC 9 . g K3 1 1.1 0.1 Colours suggest K3 III
5.0
1771 HJ 3752 G7 II-1I1 17 -1.0
' A7 1IV-V 1.8
2158 HJ 3834 " F4 V 12 4.3 3.8 3.1 3.0
7.4
2162 DUN 23 G5 1 5.2 Colours suggest G6 V. See

note to Table I.

5.6
2412 HJ 3874 B9 V 5 1.0 0.3 See note.
- 2468 15 v Gi-2 Vv 5 4.3 4.6 4.6
6.7
2482 DUN 32 A3 1 2.0 ~1.1D Colours suggest FO0.
3.4
2497 CO0 44 B8 IV 26 -0.9 . -0.7 Thackeray et al. (1973)
have B5 III. :
2.7 :
2501 HJ 3891 B2 III 6 . =3.6 -0.6D See note.
2546 I 159 K5 III 12 1.4 -0.3 See note.
' 6.0
2674 DUN 39 B9 IV 5 -1.1 -0.2 1.6D
-0.1
2677 HJ 3928 Fo 1 2.7 Colours suggest FO V.
4.0
2726 BU 757 . B3V 6 -1.3 -1.6 -1.7 -1.1D EpB-v = 0.06 based on primary.
' See note.
1.1 _
2735/6  DUN 42 G8 III 1 1.5 0.4 Sp. Bin. See note.
dF4 3.4
2813/4 RMK 6 F2 1 4.0 3.6 Colours suggest F3 V.
 F2 4.7 ~ Colours suggest GO V.
2842/3 HJ 3966 A3 1 2.4 -0.8D Colours suggest AS.
A3 2.5 Colours suggest A7.
2870/1 DUN 49 B3 V 6 -2.1 -1.6 -1.7 "EB-v = 0.05.
- ) B4V -1.4 -1.3
3079 HWE 65 F5 V 15 3.6 3.6 3.2 4.4W
' 6.8 ’
3205 DUN 63 A0 1 0.0 2.5D Ep-y = 0.07, dereddened
colours indicate B7.
- : 1.2
3223 RMK 7 B5 III 5 -1.6 -2.2 . Sp. Bin. B6 IV by Hiltner et al.
1969).
, 1.4
3251 BU 454 G5 1 1.7
3.5
3260 RMK 8 A2 V 5 1.0 1.8 1.2 2.2
3.5
3267 HJ 4073 A0 1 0.3 1.9D Observations suggest F6 III.
' 1.1 '
3327/8 HJ 4093 A0 1 1.1 0.0D See note.
A0 1.8



HR Name Spectrum S M M M M Remarks
v A v \4
3358 HJ 4104 B2 III 14 -2.8 -3.6 EB— = 0.06 based on second-
ary. See note.
: B5S V 12 -1.0 -1.0
3359 DUN 70 B2 Iv 6 -2.9. -3.3 SB1. Buscombe (1969) gives
B3 III.
-1.0
3373 HJ 4107 B4V - 6 -1.9 -0.6 -1.3 See note.
-0.1 '
3399 I195 K5 1 3.9 See note.
6.3
3432 HJ 4125 Ko III .5 0.1 0.8
4.8
3439 COO0 74 BV 26 0.7 1.3 0.3
4.4
3455 HJ 4130 A3 V 5 3.3 2.0 1.5 3.2D Discordant. Optical double?
5.2 ‘
3489 RMK 9 B7 III 5 -1.6 0.8D If primary is giant, then
secondary also giant.
3542 CPO 9 A0 1 1.1 Observations suggest B9 V.
2.6
3574 R 87 B5 V 6 -0.7 -0.5 -1.0 1.3D SBI.
2.4 4
3661 HJ 4188 B8 V 8 -0.2 -0.9 -0.2 -0.6D Ep y = 0.03. See Table I remark.
© 0.6
3715 HJ 4200 B9.5 V 13 0.9 1.2 0.5 Eg y = 0.04.
1.5
3780/1 DUN 78 A0 1 1.1 -3.8D Colours suggest Al.
A0 ' 1.9 Colours suggest A3.
3817 HJ 4220 B4 Vn 18 -1.7 -0.9 -1.3 1.3D Eg vy =0 05. See note.
B8 V -1.0 -0.2
3831 R 125 FOo p 29 2.1 2.9D
' : 5.0
3890/1 RMK 11 A7 I 9 -2.6 -0.5 See note.
Fo 1
3925 DUN 81 B4V 18 -1.4 -0.9 -1.3 Eg vy = 0. 03. See note.
_ B9V 1.0 - +0.3 Eg.y = 0.13. '
4065 HJ 4306 Al V 5 1.6 1.7 1.1
1.8
4074 RMK 13 B3 IVe 27 -3.6 -2.5 -1.4D E = 0.11. See note.
‘ 0.3 B-v
4118 H 50 B9.5 Vn 13 1.3 1.2 0.5 -2.9D Double-lined spectr. bin. See note.
5.3 :
4135/6 PZ B6 II 28 -4.2 See note.
(DUN 88) B8 II -3.9
4262 HJ 4383 B6 V 5 -1.2 -0.9 -0.7 -0.9D Eg_y = 0.14. Hy emission
(Kucewicz 1975).
-0.5 - '
4370 HJ 4423 F3 V 15 3.2 3.3 3.0 2.9D
' 3.5



HR Name Spectrum S§ M. M_ M, M Remarks
v v v v »
4401 HJ 4432 B5 V 6 0.1 -0.9 -1.0 0.2D Egvy = 0.06 based on pri-
mary only. See note.
B A 5 1.3 Colours suggest B9.5 or AO0.
4443 /4 H 96 dré 1 4.2 4.3 3.7 1.3D Colours suggest F8 V
dr7 4.3 4.0 Colours suggest F8 V
4469 HJ 4455 KO 1 Colours suggest K0 II.
, See note.
45717 . HJ 4484 KO 1 Colours suggest KO II.
) See note.
4615 HJ 4498 Composite See note.
_ Fo 19
4628 Jc 17 A0~ 1 0.2D Colours suggest AO.
4636 I 423 KO0 : 1 See note.
4652 RMK 14 gMoO 1 -0.4 See note.
4718 HJ 4518 KO0 1 1.7 Colours . suggest K3 III.
4.4 -~ ¢ oe below 2 colour diag.
main sequence. Evolved?
4730/1 B0.5 IV 6 -2.7 -4.7 -4.2D See note.
Bl1V ~-2.3 -3.6
4804 1 296 B8 Ve 28  -0.3 -0.2 E. . =0.14. See note.
2.3 B-v
4819 HJ 4539 A0 III 1 -0.6 -0.2D . See note.
4844 R 207 B2 V 6 -2.1 -2.0 -2.5 -0.6D E_ _ = 0.04.
1.6 B-v
4952 RMK 16 B0 Ia 6 ~6.2 See note.
WC5 ' ‘ '
5120 H 69 A7 IO 19 _ 0.3 Binary.
A7 V-V ' 1.8
5122 R 223 K1 II1 5 0.7 0.8
4.2
5141  DUN 141 B8 V 28 0.3 0.7 -0.2 -2.3D
A0V 1.7 +0.7
5189 HWE 94 G3 IV-V 8 4.3 3.8 4.0 See note.
‘ 7.9 '
. 5210/1 H 101 B5 IIlp 20 -0.3 -2.2 0.7D See note.
. B8 Vn 1.2 -0.2
5234 R 227 Al V 5 0.6 1.4 1.1 1.7D E = 0.06
v 1.6 - B-V
5242 HJ 4632 KO oI 5 0.2 0.8
4.0
5362 HJ 4672 G5 1 1.1 ‘Colours suggest KO III.
3.5 ,
5371  DUN 159 G8 III 19 1.2 0.4 - Primary is double-~lined
' spectr. bin.
, F5V 3.4 3.2 o
5375 R 244 "Bl III 6 -3.6 -4.4 . Egy-= 0.09 based on
' secondary. See note.
: 0.3
5428 BU 1112 ° KO 1 1.9 0.0D Colours suggest KO III.
' 5.5 : '
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5497 H 97 FOo 11 21 2.9 0.7 " 3.5W  See note."
G3 Iv? 4.9
5559 HJ 4715 B VvV : 26 -0.7 1.0 0.3 - Ep-vy = 0.05. Single lined
- spectr. bin. cpm?
0.1 .
5683 HJ 4753 B8 1 -0.2 0.2D E = 0.09. See note.
. -0.1 , B-v
5697 HWE 76 AO0p - 29 0.6
3.3
5756 S 672 A8V 30 1.8 2.4 2.2 Double-lined spectr. bin.
(Wilson and Joy, 1950).
dFs5 31 4.6 3.2 - Single-lined spectr. bin.
o (Wilson and Joy, 1950).
5781 .° HJ 4788 B3 IVp 6 -1.2 -2.5 0.4D See note.
' B8 V .18 0.7 -0.2
5846 HWE 79 A0 1 0.8 ' cpm. Colours suggest B9.5.
: : 2.7
5851 /2 RMK 20 A5 III-1IV 5 0.67 cpm. -
. A5 MI-IV 0.6?
5900 HJ 4813 Am 32 2.2 3.1D See note.
4.8
5904 BU 36 B2.5 Vn 6 -1.2 0.7 -2.1 -1.4D See note.
1.2 '
5925/6 PZ A3V 34 1.2 - 2.0 1.5
(DUN 196) B9 V 1.7 0.3 Colours suggest A2 V.
. 5952 CO0 190 A0V 13 0.5 1.4 0.7 See note to Table I.
4.7
6006 BSO 11 dG2 1 Colours suggest KO III.
G5 2 . Colours suggest F3 III.
6029 HJ 4839 B9 Vn 12 1.5 1.3 0.3 2.3D EB—V = 0.05. See note.
F2 v 22 3.7 2.8
6097 HJ 4848 A0 1 1.2 1.8D Colours suggest AO.
1.7
6105/6 H 39 GO IV 7 2.6 3.6D Binary.
GO0 IV 2.6
6134 Antares M1 Ib 1 -5.4 -4.8 See note.
) dB4 -0.9 -1.3 _
6236 COO 201 g?AB 1 2.7 1.6D May both be giants.
2.9
6244 HJ 4889 BV 28 -0.9 -0.5 0.3 -0.7D EB—V = 0.25. See note.
BSOSV, B9V 1.4 0.3
6401/2 SHJ 243 KOV 7 6.0 6.0 5.9 6.5W
K1V 8 6.0 6.1 _
6416 B5O 13 G8 V 7 6.0 5.7 5.5 6.1W See note.
: MO V 8 9.3 8.7
6426 MLO 4 K3V 33 6.6 6.7 6.5 7.0W See note.
‘ K5 V 7.6 7.2 ‘
6477 HJ 4949 B8 V. 28 -0.5 0.3 -0.2 0.3D E = 0.04. See note.
0.3 B-v
6622 HJ 4978 B3 Vv, 4V 6 -2.0 +0.7 -1.7 See note.
1.8



HR

Remarks

Name Spectrum S M M
\4 v v
6645 PZ A0 Vn 19 0.1 1.1 0.7 EB—V = 0.09. Optical?
6693/4 PZ M2 Ib-II 17 -3.6 - See note.
(HJ 5003) G8 II -2.3
6751 HDO 284 F8 IV-V 11 3.9 3.6 2.9 2.8
7.0 :
6780 BU 245 K1l I1 12 -2.3 -1.3D Binary.
‘ Fo 1v 1.8
6832 BU 760 M3.5 II 23 0.4 -0.5 1.3W  See note.
5.7
6855 GLE 2 K4 I 5 -0.6 -0.1 See note.
4.3
7226 /7 HJ 5084 F8 YV 7 4.1 4.2 4.0 3.6W  See note.
- F8YV 4.2 4.0
7398 H 119 K3 III 10 1.1 0.1 3.7TW  See note.
4.7
7959/60 RMK 26 A2V 11 1.9 2.1 1.2 1.1D See note.
A2V 2.2 1.2 _
7989 HJ 3003 SgG5 -1 2.4 ~6.2 See note.
. ) 4. 6
8140 'HJ 5258 A5V 3 1.9 2.2 1.8 2.5W  A3-5 IV-V by Houk & Cowley
" (1975)
' 4.5
8148 BU 271 G5V 14 5.2 5.3 5.1 5.3W  See note.
K4 1 8.2 :
8202 MLO 6 Am 32 1.8
: 4.4
8280 HJ 5278 G8 - KO II 5 0.3 0.6 0.7D
A3-5 2.1 1.5 Colours suggest Ab5.
8386 BU 276 B6 Vne =~ 13 -0.7 -0.7 0.9D = 0.02., Variable rad.
' ve]?_ (Buscombe et al., 1961).
- 0.4 .
8540 HJ 5334 B8 Vn 13 -0.2 1.3 -0.2 cpm.
4.1
8602 BU 771 A2 1
8635 CO0 252 Gl V 7 3.6 4.5 4.5 5.1W  See note.
M1 1 8.5 -
8662 HJ 5362 FO III 10 2.3 0.7 . ) See note.
' 5.9
8695 HJ 5367 A0V 1 0.0 1.1 0.7 2.7TW  See note.
3.7
8760 BU 1011 g?G9 1 1.4 0.6 -1.1D Colours suggest G8 III.
. 4.3 .
8793 DUN 246 dF7 1 3.6 3.8 3.7 Colours suggest F5 V.
4.4 '
8956 HWE 93 G8-KOII 5 1.0 0.6 -1.1D
406 !
- 8966 DUN 251 A3 1 2.0 1.0D Colours suggest AT7.
2.8 _
8999 HJ 5417 F8 V 11 4.0 See note.
G8 IV-V 4 4.2 .
9044 LAL 192 A5 m 9 ' 7 0.7D See note.

F21v 1.9
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Source references for Table II

Bright Star Catalogue (Hoffleit 1964)
Index Catalogue of Double Stars (Jeffers et al. 1963)
Jaschek et al.. (1964)

Kennedy and Buscombe (1974)
Houk and Cowley (1975) '
Hiltner ef al. (1969)

Evans et al. (1957)

Evans et al. (1959)

Wayman (1961)

Evans et.al. (1961)

Evans et al. (1964)

Evans (1966)

Buscombe (1969)

Evans (1961)

Malaroda (1975)

Murphy (1969)

Ste phenson (1960)

Thackeray (1966)

Wayman (1962)

Andrews and Thackeray (1973)
Struve and Franklin (1955)
Garrison (1967)

Landi Dessy and Keenan (1966)
Woods (1955)

Bidelman (1958)

Morris (1961)

de Vaucouleurs (1957-)_

Hube (1970)

Jaschek and Jaschek (1959)
Cowley et al. (1969)

Wilson and Joy (1950)
Jaschek and Jaschek (1960)
Cousins and Stoy (1963)
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34. Levato (1975)
35. Lyng? (1973) |
36. Penny et al. (1975) .
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Notes to Table II

Primary is double-line spectroscopic binary. Allowance for
this would bring the absolute magnitudes into better agreement.
Spectral type A3 III given by Gascoigne (1950) is also by

Miss Woods. This star is listed as possible variable GCVS
100250 because it was suspected to vary by Gould (1879a). The

present observations do not indicate variability.

Jaschek et al. (1964) gives F8 IV (Evans et al. 1957), F6 V
(Woods 1955) and F7 V. Eggen (1956) has discﬁssed this star.
It is listed as a probable variable GCVS 6016. Baize (1962)
quotes a long series of observations by van den Bos and Finsen
claiming that Am varies from 2.8 to 5.2 with periods when

the companion is invisible. Van Albada (1958) gives Am =5,

1 plate, doubtful. The preseht observations were made in
August and October 1973, in November and December 1974 and
in January 1975. They give no positive evidence for variability.
It should be noted however that measures of the combined light

U-B for this star vary from 0.00 to +0.05 (Cousins 1971).

Possible variable GCVS 100352, Suspected as variable by Gould

(1879b). The present observations do not indicate variability.

Possible variable GCVS 100382. Suspected as variable by
Gould (1879c¢). The present observations do not indicate vari-

ability.

Common proper motion. Probable variable GCVS 6130. Sus-
pected as variable by Eggen (1959). Eggen (1969) suggests
HR 1505 (component B) may bea § Scuti. Eggen (1974b)
claims HR 1505 varies by several hundredths on a very short
time scale. The present observations have high error in AV
but this is believed to be mainly observational and should not
be taken to confirm variability. HR 1506 has variable radial
velocity (Abt 1970). HR 1505 lies well below the class III, IV

and V sequences in the two colour diagrams.
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HR 2412 The primary falls right on the two colour main sequence but the
| A secondary falls much farther off this sequence than can be _
accounted for by errors in the photometry. We suspect that this
system is optical despite its closeness, the secondary being a

reddened B star.

HR 2501 The secondary appears ¢ o6 bluer in B-V than the two colour
main sequence. This is possibly due to errors in the photometry.

De Vaucoleurs (1957) gives spectral type B3 V for the double.

HR 2546 Probable variable GCVS 6511 but an E region standard (Cousins
1973c). ' Variation, if any, must be small and hence unmeasur-
able at such large magnitude difference using the present tech-

nique.

HR 2726 Possible variable GCVS 102551, Listed by Baize (1962) as
possible variable on grounds of discordant visual estimates
of magnitude difference. The present observations do not

indicate variability.

HR 2735/6 Possible variable GCVS 100831. Suspected as variable by
Gould (1879d). The present observations do not indicate vari-

ability.

HR 3327/8  See note to Table 1. IDS has Am = 0.2 for BC. Jgrgensen
(1972) suggests A is B9 V. Colours indicate B8 for A, A3
for BC. vThe absolute magnitudes in column 5 are not inconsis-
tent with a physical relation between A and BC if we allow for

duplicities.

HR 3358 See note to Table I. IDS has Am = 0.0 for AP. Hiltner et al.
~ (1969) has B2 IV. Evans (1966) suggests physical relation
between A and B.

"HR 3373 Hiltner et al. (1969) say He I lines asymmetrical on one plate

indicating possible companion.

HR 3399 Primary probably an M giant or supergiant. Secondary is right
on two colour main sequence but could be class IV, II or II.
If star is a physical double secondary unlikely to be class V.
See note to Table I.
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Buscombe (1969) has B5 III. Jaschek and Aguilar (1969) have

B5 IV p and report spectrum similar to 3 Cen A. A has variable
radial velocity (Thackeray 1966). Peculiar (diffuse weak) lines
seem to be in f;aint component and there is no sign of He3 in the
brighter component (Thackeray 1969). Probable member Sco -

Cen Association.

Houk and Cowley (1975) give A8 Ib, de Vaucouleurs (1957) gives
A9 II. Colours of secondary indicate reddened B star rather
than F0. Common proper motion. M based on trig. parallax

is of low weight.

A is a possible double-lined spectroscopic binary, B's radial

velocity possibly variable (Thackeray 1966). Member of Sco -

- Cen Association (Gutierrez— Moreno and Moreno 1968). AB

binary. Reddenings of components seem different. Dereddened

colours agree with spectral types.

Séco_ndary appears reddened by Or.nll, primary by much less.
Optical? - in a rich field. Hiltner et al. (1969) have B3 III,
Houk and Cowley (1975) have B5 II. Hoffleit (1953) has B5 III-V

‘and comments that two earliest plates (1893, 1895) show

emission, 22 later plates do not. Slettebak (1975) found "most
of lines asymmetrical with rather steep violet edges''. Binary?

(Hoffleit 1964).

Possible variable GCVS 101131. Claimed to be variable by.
Stanley Williams (1897). The present observations do not

indicate variability - the high errors are observational.
Hube ,(1970) says radial velocity of B is variable.

Single-line spectroscopic binary? Hoffleit (1953) gives B5 I-1II,
Houk and Cowley (1975) give B5 III-V.

The secondary may be on the main sequence but the colours

and magnitude difference suggest it is class IV.

The colours of the secondary suggest it is on the main sequence

but the magnitude difference suggests it is class IV.



162.

HR 4615 Primary is double, sep. =01, Am =0.0. Houk and Cowley
(1975) give G8- KO II and A3-5 V for the components. Wayman
(1962) gives F7 IV for the primary. AB lies well below main
sequence and giant sequence in two colour diagram. A KO0 IO
star (6.59 +1.01 +0.84) and an A5 V star (7.14 +0.15 +0.09)
give combined light photometry (6.08 +0.60 +0.35) near tHat
for AB. C is double-lined spectroscopic binary with both com-
ponents about FO (Wayman 1962). Our photometry suggests
F2 V. Allowing for this our magnitude difference between AB
and C suggests Mv = 1.0 for the KO III star and Mv = 1.5 for
the A5 V star in good agreement with the values given by
Blaauw (1963). The HD catalogue implies that HD 105151 and
HD 105152 are the designations of the 8!'7 pair whereas Houk
and Cowley have 105152 as the secondary of the 0!'1 pair.

HR 4636 - Primary lies Om 18 above giant sequence in two colour diagram.
Secondary has @15 U-B excess. Mv's calculated assuming |
secondary on main sequence at B-V = +0.62. Primary probably

a KO giant.

HR 4652 Colours suggest primary is K5 III. Colours and magnitude
difference suggest secondary is K2 III.

HR 4730/1 Thackeray and Hill (1974) suggest this is a physical system but
that radial velocities differ by more than slow apparent orbital
motion would suggest. A is a single-line spectroscopic binary.

/

Thackeray and Hill say radial velocity of B is constant.
HR 4804 Primary seems reddened by 013‘18, secondary by o,

HR 4819 This possible member of the Hyades group has been discussed
by Rodgers (1967). ‘ Our results (Table I) show that the compo-
nents have almost identical magnitudes and colours. Rodgers
states that the spectrum does not appear composite. The dyna-

mical parallax used is by van den Bos (1936).

HR 4952 It is not clear in the literature whether the primary is the B0

star, or the WC star, or whether it is a spectroscopic binary.
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The present interpretation with the WC 5 star as the secondary
implies Mvz -4.2 for the WC 5 star if the system is physical.
Our results (Table I) show that the components have almost
identical colours. We did not detect any variation dﬁring our
observations (made during 1974). Fitzgerald (1973) suspected
variability as a result of a copying error in the Washington

Photoelectric Catalogue (Blanco et al. 1970) - see Hurly (1975).

Space velocity = 90 km gL Wayman (1962) gets very similar
magnitudes and colours for the components except that he gets
+1524 (range > ¢ 06) for U-B of the secondary. Probably U-B
of the secondary lies between Wayman's and our values and is

consgisted with a dwarf of spectral type about K5.

No reddening has been allowed for as we find the secondary to
be on the two colour main sequence. Aﬁdrews and Thackeray
(1973) have used EB—V = 0.03. Probably a member of Sco-Cen.
Association and almost certainly a physical pair (J ones 1970).
Cluster parallax of 0008 (Jones 1970) gives Mv =-0.9 for
primary. Slettebak (1963) gives spectral types B5 V p and B9 V.

A has high abundance of He3 (Sargent and Jugaku 1961). Rad.

" vel. of B may be variable (Thackeray 1966).

Radial velocity probably varies (Neubauer 1930).

Malaroda (1975) has F2 III-IV for AB. However our Mv's based

on secondary (assumed to be on main sequence) and on trig.

' parallax indicate primary is dwarf. Hoffleit (1964) has dF1 and

dF9 for components and says star is binary. Our colours

suggest A9 V and G2 V.

Ha emission (Kucewicz 1967). E = 0. 09 based on

B-vV
secondary. Colours indicate B8 for primary.
Probably a physical pair and member of Sco-Cen Association

(Jones 1970, Gutierrez-Moreno and Moreno 1968).

Binary. Possible variable GCVS 101532, Suspected as variable
by Gould (1879e). The present observations do not indicate
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variability. However B falls M3 below the two colour main
sequence. Houk and Cowley (1975) give composite spectrum
G5 II-III + A3 for primafy.

High errors probably observational but U-B measures of com-
bined light vary from -0. 63 to -0. 67(Cousins 1971). Possibly A'
reddened by about (f’lo but no de-reddening applied as our
colours for secondary put it slightly the wrong side of two

colour main sequence. Probably member of Sco-Cen Association

(Gutierrez-Moreno and Moreno 1968).

Binary. E = 0. 05 based on primary.. Possible variable

B-V
GCVS 101558. Suspected as variable by Gould (1879f). The
present observations do not indicate variability., The de-

reddened colours suggest F5 V for secondary.

The errors quoted in Table I for the UBV of the components |
are highly misleading in this case. No simultaneous combined.
light UBV photometry was done although the combined light
magnitude and probably the colours varied during the year

over which the observations were made. The values we used
for reducing all our observations afe quoted in Table I.
[Antares varies in V by about ¢ (Baize 1962)] . There is also
the possibility of large errors in our transformations to the
UBYV system for such a red star. In Table I therefore the valﬁe
for AV is really a time average, the values for V A apd VB

are almost meaningless, and the values for the colours may
have errors up to Or.nl larger than indicated. However it is ,
worth noting that our value of AV is larger than values obtained
by many other authors. Kooreman (1946), Garrison (1967),

van Albada (1958), _Wieth—Knudsen (1957) and Piccirillo (1974)
all obtain AV (or Am) in a surprisingly small range from

4% to 4725. Muller (1951) obtains a A m of £4. Our colours

for B as they stand suggest E V- §206 and a spectral type

B-
of B4 for B. Allowing for larger errors as discussed above we

get a type for B between B2 and B8. Several authors have
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classified Antares B as B3 or B4 (Stone and Struve 1954). |
Garrison (1967) gives B2.5 V. Ep . as large as the o5
suggested by Garrison (1967) seems unlikely. Antares is almost
certainly a physical pair (Jones 1970) and a member‘ of the Sco-
Cen Association (Jones 1970, Gutierrez-Moreno and Moreno
1968). Clqster parallax of 0006 by Jones (1970) gives Mv -5.2
for Antares A whereas dynamical parallax of 0!'004 by Russell

and Moore (1940) gives Mv -6.1. See note to Table I.

B has broad double lines, components both B9 V (Hube 1970).
Jaschek and Jaschek (1960) have type B9 p for the system.
Assuming that all stars are on main sequence we get EB—V of
0‘?_21 for primary, 0™29 for secondary. Observed magnitude
difference much larger than indicated by the spectral types and
by the de~-reddened colours when allowance is made for the
duplicity of the secondary. Possibly optical or luminosity class

of primary wrong.

Wayman (1962) has U-B = 0.87 (L observation) for B. He gives
B-V = +1.03 for C and remarks that it is probably optical.
Johnson et al. (1968) has HR 6416 as a subdwarf with ultraviolet
excess 0724 - this seems to be an error as their photometry'
shows it to be on the main sequence. Our photometry shows'bdth
A and B to be very close to the main sequence and the aigreement

between the absolute magnitudes in the table is good.

Eggen's mégnitude and colours for C (see note to'Table I) suggest
it is an M5 dwarf with distance modulus almost identical to that
of AB. This, together with the slowness ‘of the motion of C
relative to AB, suggests a physical relationship of C with AB.

Binary. Variable radial velocity (Hube 1970). Possible variable
GCVS 101649. Suspected as variable by Gould (1879g). The
present observations do not indicate variability. '
V539 Ara. Primary is an eclipsing spectroscopic binary, period
3(.117. Ephemeris, eclipse duration, orbital elements, estimated

masses etc. are given by Knipe (1971). All our observations
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were outside the eclipses predicted by Knipe's ephemeris. The
combined light photometry (i.e. including the visual companion)
listed in Table I is of low weight. However V and B-V agree with
values given by Knipe (1971). Knipe has U-B = -0.74 whereas
we get -0.64. Unpublished Cape photometry (1967-9) gives

V =5.66, B-V =-0.10, (U-B)bape; +1.26 outside eclipses.
This (U--B)Cape corrésponds to U-B = -0.61. Knipe (1971) ob-
tained V = 9. 22, B-V =+ 0. 05 for the visual companion (2 ob-
servations, 50 cm reflector). He also suggests that there is
intrinsic variability in the system. Our observations give

V =9.49 for the companion. The difference of 0727 in v may be
due to errors but it must be noted that the errors in our V and
B-V results for the secondary are larger than would be expected
from a paif of constant stars. De-reddening the primary gives
Eﬁ-V =0.15, (B—V)o = -0. 23 corresponding to B2.5V. Our
colours put the secondary near the two colour main sequence
but allowing for the errors in the colours a reddening of Om 15

i‘s possible. Making a reasonable assumption about (B—V)o for
the secondary, using (B-V)o = -0. 23 for the primary and allow-
ing for the primary being a double with AV = 0.5 removes the

large discrepancy between the absolute magnitudes in the Table.

Binary. Probable variable GCVS 7736. The present observa-

tions do not indicate variability.

The errors quoted in Table I for the UBV of the components
are misleadingly small in this case. The combined light photo-
metry quoted in Table I and used in the reduction is of low
weight but we have preferred it because it is based on observa-
tions made simultaneously with our differential observations.

It appears from our work and unptiblished combined light Cape
photometry that V varies by about Oml The U-B (combined
light) used is redder than values found in the literature by

0-05 - 0710. However the secondary falls on the two colour

main sequence (within the quoted errors).
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Suspected variable GCVS 102863. Spectroscopic binary. The
present observations are not sufficiently accurate to confirm or

deny variability. Physical (Eggen 1966b).
Malaroda (1975) has F7 IV-V.

Binary (Hoffleit 1964). See note to Table I. Secondary falls
1 below two colour main sequence. Mv based on trig. para-

llax is in marked disagreemenf with other Mv's.

Houk and Cowley (1975) have A2-3 IV-V for each component.
Binary.

Primary very unlikely to be a supergiant as then proper motions

and radial velocity in Hoffleit (1964) would imply a very large

"space velocity. Colours suggest G6 II or G6 III. G6 III would

give a réaSonable space velocity but givés Mv for primary 2
magnitudes brighter than value obtained by placing secondary

on main sequence.

Binary. Primary is single-line spectroscopic binary. The
error for U-B of secondary in Table I is misleadingly small.
For such a close star with magnitude difference in U so large
@75) an error of 0710 - 0715 would be normal. An unweighted
mean gave +1.08 + 0.13 for U-B of secondary. The secondary

probably lies on the two colour main sequence.

Probable variable GCVS 8783. Cousins and Stdy (1962) suspected
it to vary but it is now used as a standard (Cousins 1973c).
Estimates of magnitude of B vary widely. Cousins and Stoy
(1962) give 9°'8, Wayman (1962) give 1110 (1 observation) and
says Kuiper gave 10‘in 0, IDS (Jeffers et al. 1963) gives 1({03,
whereas we get 10°89. B-V of B suggests spectral type about
MO. .

Common proper motion. Our observations suggest A9 V.

Hoffleit (1964) has A5 m.

Suspected variable GCVS 102214. Suspected as variable by
Gould (1879h). The present observations do not indicate
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variability. Binary. Sirius group. Mv based on trig. parallax
is in marked disggreement with other Mv's. Radial velocity

probably variable (Campbell 1928).

Hoffleit (1964) gives dF5, Malaroda (1975) gives F4 V. The
colours for the primary do not agree with any of these types
but suggest that it is a gianf F7. The colours for the secondary
are compatible with the type given. If the pfimary is a dwarf

the companion is probably optical.

The secondary is Or.nl4 above the class IV locus in the two
colour diagram (Orflloabove the two colour main sequence)
although, according to Wayman (1961), it has a normal F2 IV
spectrum. Buscombe (1963) says that the radial velocity (of

the primary?) varies.
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Notes to Table IIb

HD 6334 Houk and Cowley (1975) have F6-8 II-IV for primary and say
secondary is of similar type. Our colours agree better with

this type than with F5 V but they might be affected by reddening.

HD 41628 The combined light photometry in Table I is of low weight.
Errors of 0‘?‘06 in V and 0m 03 in the colours of the components

would be more realistic.

HD 105563  This star has been discussed by Lyng® (1973). The primary is

of VV Cephei tﬁe and varies slightly in magnitude and colours.
We did not obtain combined light UBV simultaneously with each
of the 3 observations forming the mean. The combined light
photometry used (see Table I) was based on 1 observation only
and the star was assumed non-variable. In Table I the errors
in the magnitude and colours for the primary should thus be |
larger and the rather large errors for the secondafy do not
imply that it varies. The colours of the secondary suggest

' EB—V =0.32 and (B-V)_ = -0.25. Lyng& obtained mean EB—V
0. 29 for three other stars in the group and our (B—V)o agrees
with his type for the secondary. However B is s brighter

than D which has almost indentical colours.

- HD 158320 This star has been discussed by Penny et al. 1975). The
values of the magnitude and colours of the secondary and of the
separation given there were preliminary and differ slightly

from those in Table I which suggest E = 0.47, (B-V) 0= -0.25

B-V
and spectral type B1.5 V. The primary is a single-line spectro-

scopic binary..
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10.4 Comment on Table II

The agreement between the absolute magnitudes in the vafious
columns is generally good. Some of the disagreement between the magni-
tudes based on the (B-V) colours and those based on the spectral types is
undoubtedly due to differenoes between the adopted Mv ve rsus B—V relation |
for the main sequence and Blaauw's calibration. It should be noted how-; |
.ever that there may well be a selection effect in the case of Class IlI, O
and I stars. This is because we tend to 6bserve siéar,s with small magni-
| tude difference and hence discriminate against the brighter of the giants
which have main sequence companions. It is possible that there may
also be a small selection effe\ct for dwarf primaries at the blue end of the
main sequence. We were not able to estimate absolute magnitudes via
main sequence secondaries fgr any of the class II primaries in Table II and
only obtained such ani absolute magnitude for one class I primary (HR 6134).

None of the estimated reddenings are anomalously high when com-
pared with the reddenings for the appropriate distance and direction as
given by Fitzgerald (1968). |

There are surprisingly fe§v doubles which appear to be optical.
Probably some optical doubles included in the table remain undetected.

'fhe -absolute mégnitudes based on dynamical parallaxes give extreme-
ly poor agreement. It should be noted, however, that the dynamical
parallaxes used were all small, only a few being above 0.020 arcsecs and
about half being less than 0.010 arcsecs. They appear too high and too
low with about equal frequency. Bearing in mind the relatively large errors
in 'trig. and dynamical parallaxes leés than 0.040 arcsecs (see for_example ‘

fig. 2 in Cester 1963) the agreement between the absolute magnitudes based
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on trig. or dynamical parallaxés in this range aﬁd the other absolute
magnitudes is fair. For the absolute magnitudes based on trig. parallaxes
over 0.040 arcsecs taken from Woolley et al. (1970) the agreement is rather
poor. The absolute magnitudes based on Woolley's parallaxes are OIP'Z +
02 (8.e.) greater (i.e. fainter) than the absolute magnitudes of the pri-

| maries in column 5. The absolute magnitude base-d on the Woolley paralla#
is brighter for only 1 of the 17 stars for which the comparison was made.
This suggests that the parallaxes in Woolley's catalogue are systematically
too large. Figures 1 and 2 in Woolley et al. (1970) show that this is
indeed the case except for stars with well-determined parallaxes. A main
sequence fitted to the dwarf stars shown in their figure 1 would lie

05 - 170 below the main sequence locus shown in the figure.

10.5 Colour-colour and magnitude-;cc;lour diagrams for the stars'

Figure 30 is a (U-B) versus (B-V) plot for the stars in Table H
which have MK spectral tybes and Figure 31 is a (U-B) versus (B-V)
plotw for the stars in Table II which do not have é luminosity calibratibn.
In. both plots the main sequence and giant sequence shown are from
' ’Fitzgerald @1970). Most of the few apparently anomalous stars have been
discussed in remarks in Table II or in the Notes to Table II.v

In Eigure 30 several class V stars with 0.40 € B-V < 0;45 are
well below time main sequence. These stars are rather far off the main
sequence to be undetected binariés with mavivn sequence components.
Reddening is very unlikely. An error in the U-B colours is possible but
uhlikely. In Figure 31 the secondaries with 0.2 £ B-V< 0.7 are widely
scattered about the main sequence. Duplicity, reddening and errors in

the colours cannot explain this scatter. It is possible some of the stars



172.

- + X . ‘((
o IV ,IN-Y | | \
L X ILI-IY - \
s I, X
- s I, I-I | , \
X
} X
] | A I | | |
.0 | +1.0
B—-V

Figure 30. U-B versus B~V plot of the stars with MK spectral types.
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Figure 31. U-~B versus B-V plot of the stars without luminosity classifications.
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are Am or Ap stars but it seems that the main sequence i;wo-éolour locﬁs
really is wide for this range of B-V values. Thé two-colour diagraﬁxs given
by Wooliey et al. (Figs. 3 and 4 in Woolley et al. 1970) for the nearby
stars show widening in the same regioﬁ. In both figures 30 and 31 there is
a striking absence of stars in a narrow band which crosses the main se-
quence at 0.30 < B-V < 0.35. This feature is not so pronounced in the
two;colour_diagrams of Woolley et al. (1970). -

Figune ‘32 is a magnitude-colour diagram for the stars for which
wé have assigned absolute maignitudes in column 5 of Table II. Figure 33
is a magnitude~-colour diagram for the .primaries only. In this diagram the
luminosity class of each star is shown. In both diagrams the main sequence
shown is the one to which the seéondaries were fitted. It is given in Table
IV.I De-reddened B-V colours have been used where appropriate.

It is noticeable that very few primaries fall below the main se-
quence. There is a marked Hertzsprung gap. It should be noted that the
shape of the giant branch is likely to be affected by observational selection.
In Figure' 33 it is seen that almost all the primaries without luminosity
classifications are evolved stars, many of them being giants. In our sample
there seem to be as many class III primaries wiAthout luminosity classifica-
- tions as there are with classifications. Antares is the only star classified
as class I' or II which is included in Figure 33. The other clasé I Aand I

primaries in Table II do not have main sequence secondaries.
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CHAPTER 11

DISCUSSION OF THE ACCURACY OF OUR RESULTS
AND THOSE OF OTHER AUTHORS

11.1 Comparison with other area scanner results

-Only Rakos (1972) has published magnitude differences of constant
stars measured using an area scanner. Unfortunately none of Rakos's 11
stars were observed by us. No comparison of our magnitude differences
with other area 'scannex-' magnitude differences is therefore poééible.
. Various workers have given estimates of the (internal) errors for single
measures of magnitude difference made with their scanners.. We have
found the error of a single measure to vary extrémély widely depending
‘on the seeing, and on the 'separati’on, magnitudes and magnitude differenéé
of the double. The errors ﬁay be much larger for observations with the
U filter due to much lower photon count rates and/or worse seeing than
for V or B. Errors also depend of course on the size of the telescope
used. We feel therefore that comparison of error estimates for single

measures would be meaningless.

11.2 Comparisons of magnitude differences obtained by various workers

Very few magnitude differences on the UBV system have been
published fof southern visual doubles. The position is especially bad for
closer doubles. Hardly any of the stars observed in our program have
published magnitude differences on the UBV system, the only published
photometry with which a meaningful compa;-isc}n is possible being that of

'Wayma.n (1962). For 9 stars we find é systematic diffenenée, this work
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minus Wayman, of +07034 + 0-029 with the root mean square of the single
comparisons (after correctibn for systematic diffe'rence) being 0> 083. All
the 9 stars are "wide'", between 7 and 12 arcsecs, and their maghitude
differences are fairly uniformly distributed between’ @™ and 550. Our
magnitude difference differed by more than 010 from that given by Wayman
for only one star, HR 8635, which has a magnitude difference of about
5.0. The sample is unfortunately \}ery small but does not show evidence
| for any dependence of the differences, this work minus Wayman, on magni~
tude difference. For the same 9 stars the systematic diffemncé between
our B-V colours for the secondaries and Wayman's is -07009 + 0-008.
- The largest difference was only -013105, for HR 8635 which has AB about
5.8. TFor 8 stars the systematic difference for the U-B colouré of the
secondaries is +07033 + 0‘?0555 The U-B colours for 2 of the 8 secondaries,
HR 5189 for which A u = 8% and HR 6416 for which Au = 4%,  differ by
more than 0710. Neither we nor Wayman could obtain a U-B colour for the
secondary of HR 8635.

ﬂ Wieth-Knudsen (1957) and van Albada (1958) have published many
magnitude diﬁemnceé on the photovisual system. These results were ob-
tained as a by-product of the astrometric work done at Lembang. In this »
work objective gratings were used on a 60 cm visual refractor where
necessary so as to minimize the ﬁagnitude difference between the central
image of each secondary and the first or a higher order diffraction image
of its primary on multiple exposure plates - the Hertzsprung method.

Both authors used modified versions of the Argelander step method to esti-
mate the magnitude differences from the plates obtained. Wieth-Knudsen

used Lembang plates from 1949.7 to 1952.4 whereas van Albada used plates
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from 1949 to 1957. As magnifude differences for a considerable proportion
of our stars wene published by Wieth-Knudsen and van Albada a comparison
of their values with ours has been made. »As a check on the accuracy §f
their results a comparison‘ between van Albada's and vWieth—Knudsen's re-. '
sults for the stars for which we have obtained results has also been made.
These comparisons are summarized in Table V.

In constructing Table V the stars were divided into groups in order

" to facilitate the recognition of systematic differences. The limits of these

groups were somewhat arbitrarily chosen in order to obtain roughly equal
numbers of stars in each group. However 3.0 arcsecs is about the sepa- '
ration below which the Hertzsprung photographic teéhnique would not be
expected to give accurate results and below which stars of non-negligible
magnitude difference become difficult for us to observe. Few photoelectric
observations have been published for stars with separations less than 6.0
arcsecs. No stars with Am > 4m 0 were included in the comparison as
three of the four such stars wh:ich could have been included were known

or suspected variables. The differences between the results of the

. various authors, in the senses indicated in the column headings, were cal-

culated for each of the stars. For each group of stars the systematic

. difference was calculated, then the root mean square of the differences

after allowing for the systematic difference and finally the standard error
of the systematic difference. The values for the summed groups and for
éll the compared stars were calculated similarly.

| The agreement between our magnitude differences and those of
Wieth-knudsen and van Albada is in general fairly good but there is a

marked tendency for our magnitude differences to be larger. Taking all-
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the stars together the .systematic differences are small but significaht.

For the closer stars the agreement is very good but for separations greafer
than 6.0 arésecs the systemafic differences are signifcant. By far the
greatest systematic difference is for the groub of stars with separation
greater than 6.0 arcsecs and'magnitude difference between Z+5 and 470.

A systematic error (or errors) seems likely as will be discussed below.
The root mean squares of the single comparisons H-WK and H-vA (after
removal of systematic differences) show no obvious trend with separation
but do increase rapidly with ﬁlagnitude difference. The root mean squares
for the comparisons WK-VA show, as might be expected, a decrease as
separation increases. The root mean squares Or.nll7, Or.nlls and 01.11143 ob-
tained fof H-WK, H-vA, WK-vA respéctively for all the stars suggest

that Wieth-Knudsen's and van Albada's random errors are similar. The
root mean square of the errors quotéd by Wieth-Knudsen for the 64 stars
compared in Table V is 0™M02 and van Albada claims a standard error of
a single estimate of i1 for his magnitude differences. Thus both Wieth-
Knudsen's and van Albada‘s error claims a;;pear realistic and the errors
we quote for our Av's in Table I are roughly the correct size. Rather
surprisingly in view of the fact that Wieth-Knudsen's results are bdsed on
a subset of the plates used by van Albada there are some fairly large
systematic differences in the WK-vA comparisons. However these average
out giving a bareiy significant systematic difference when summed over all
the compared stars. The overall systematic differences and root mean

. square differences are very similar for H-WK and H-vA despite the greater
| care used by Wieth-Knudsen in obtaining his magnitude differences and

despite the fact that his measures are quoted to VA 01 whereas van Albada's
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-are only quoted to 01?05. As already mentioned however; van Albada had
a larger number of plates at his disposal. .

In order to obtain a better idea of the source of the systematic
difference between our magnitude differences and those from Lem'bang for
the wider stars we compared conventional UBV photoelectric results by
Eggen (1963, 1966a) with those of Wieth-Knudsen and van Albada. Very
few of the stars observed by Eggen had separations less than 6.0 arcsecs
so this comparison is perforce only possible for the wider stars. The
results are given in Table VI which is similar .to Table V but the restric-
~tion to Am £ £ has been relaxed. Despite the small number of stars in-
cluded in this compariéon there is a close correspondence between the
systematic differences and root mean squares found for E-WK\and E-vA
and those found for H-WK and H-vA (see Table V). In particular the
systematic differences for the 2% < A mg P group agree very well. A
'comparison with the work of Wayman (1962) is also given in Tabie VI. -
This comparison showé a very similar pattern. This suggests
a systematic error in the magnitude differences grom Lembang.

A comparison between Eggen's magnitude differences and thoée -
of Strand (1969) was also made and the results included in Table VI.
While there ére significant systematic differences between the results of
Eggen and those of Strand they are small. The systematic difference for
the stars in the group 4 m >&% is only ;3?036 + ¢ 018. If this group is
split into two groAups with én 5 < Am \<4rfl 0 and Am > 4m 0 the nésulting
systematic differences are +07021 + 6?022 (22 stars) and +07071 + dPoz29
o étars) respectively. -Spl.i.‘tti.ng. the E-WK and E-vA groups in the same

way does not produce such a difference in either case. It therefore appears
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TABLE VI

Comparison of magnitude differences obtained by various workers

Authors com- Magnifude diffe rence
pared and ,
separation Am< 1.0 1.0¢Amg2.5 Am > 2.5 All Am's
in arcsecs - :
E-WK +0, 025+0, 068 | +0.020+0.040 | +0.202+0.023 | +0.078+0.034
d > 6.0% 4 5 4 13
+0.119 40, 080 +0, 040 +0.119
E-vA ~0.018+0. 018 | +0.064+0. 046 | +0,194+0.066 | +0.068+0.024
d > 6.0% - 10 9 7 26
+0. 054 40,130 +0.161 +0.118
W-WK -0. 054+0. 059 - +0.183+0.051 | +0.032+0. 054
d > 6.0 7 %% —* 4 11
' +0.143 - +0. 088 +0.170
W-vA -0.020+0.029 | +0.067+0.035 | +0.114+0.037 | +0.061+0.023
d >6.0 5 6 7 18
+0. 058 +0, 078 +0.091 +0. 096
E-S ~0.044+0.016 | -0.002+0.016 | +0,036+0.018 | -0.006+0. 009***
d >6.0 27 37 29 103***
+0. 080 +0. 096 +0.098 ' +0, 095***
E-S -0. 043+0. 019 - - -
3.0<d €6.0 10 - - -
+0. 058 - - -

E = Eggen (1963, 1966a),
- vA = van Albada (1958),
See note beneath Table V

WK = Wieth-Knudsen (1957)

W = Wayman (1962),

S = Strand (1969)

* 3 (possibly 4) of stars used are actually in rahge 3.05£d< 6.0

*% 2 stars with 1.0 ¢ Mm< 95 have been included with 5 stars with
One WK measure in this group seems erroneous hence high
errors. The "All Am" result for W-WK would be +OIPO74iOI.nO37 ao
stars) without this measure.

Am<

%k k*k

12o.

The 10 stars with 3.0< d £ 6.0 have been included in these totals which

should agree with those given in Table I of Strand (1969). Strand however
used only 97 stars for his comparison and the other results differ slightly
as a result, the systematic difference Strand obtained being -0 001+0. 010,
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as if a small systematic difference between Eggen's and Strand's magnitude
differences occurs for Am 2 4% whereas a large systematic difference
between Eggen's and Wieth-Knudsen's and van Albada's results occurs for
Am 2 st A direct comparison between Strand's (1969) results and those
of Wieth-Knudsen and van Albada is made in Table VII. The differences
evident for Am < 150 are probably the result of errors in the work of
Strand (see Section 11.3), those for o £ Mm < st probably indicate
underestimates by Wieth-Knudsen and van Albada and the large differences
for Am > 2m5 once again suggest a large mdemstiﬁatioﬁ of ndag'nitude
differences by Wieth-Knudsen and van Albada for this group.

It seems probable v;hat. a systematic undexestimetion of magnitude
difference occurs for large magnitude differences obtained using refractors
and the Hertzsprung method. The higher order images (spectra) of the
primaries are probably measured too faint in these cases. This was
suggested by Kooreman (1946). It might be expected that this under- |
estimation depends on the colour of the primary or on the colour difference
between the components. However, using the B-V and U-B of the compo-
nents as measured by us, the differences H-WK and H-vA do nof show
any significant dependence on the B-V or U-B colour of the primary or on
the difference in the B-V er U—ﬁ colours of the components. Thus there.
is no evidence that the diffefenoes between the wavelength response curves ;
of the photovisual V and the photoelectric V cause signiﬁcant systematic
differences in the magnitude differences obtained. As our conclusions con-
cerning doubles with lerge magnitude difference are based in all cases on
very small samples they ought to be verified by doing conventional UBV

photometry on wide (say separation > 15 arcsecs) doubles of large magnitude
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difference already observed at Lembang.

11.3 Attempts to put magnitude differences on a homogeneous system

Various attempts have been made to transform magnitude
differences measured visually and by a variety of photometric methods

onto a uniform system. Early efforts by Opik (1923), Baize and Romani

. (1943) and Baize (1951) were superceded by the catalogue of Wallenquist

(1954). Wierzbinski's (1969) catalogue is based on Wallenquist (1954).
Wallenquist's catalogue is based on photovisual magnitude
differences obtained using the Hertzsprung method by Kooreman (1946)

and Strand (1969) although only a part of: the Strand (1969) results was

. available to Wallenquist. Wallenquist found that, for the 69 pairs he

compared, there was a syétematic difference, Strand minus Kooré,man, of
+()I.nOZ and that there was no scale error. He therefore used the mean of
the values obtained by the two authors as the basis of his catalogue. -
However the compariéons made by Strand (Table I in Strand 1969) with

extensive photoelectric results by Eggen (1963, 1966a) and Johnson show

~ that Strand's results have negligible zero point difference with the V magni-

tude differences on the UBV system and suggest that Kooreman's results

are not on the system; We have already shown (see Table VI) that the

~ apparently pevrfect agreement between Strand's and Eggen's results is for-

tuitous. We have also examined the differences, Strand minus Kooreman,

for the 93 stars in common between Strand (1969) and Kooreman. = We

find a systematic difference, Strand minus Kooreman, of +01:1a031 + 0‘.“009

(8.e.) for 62 stars with Am < 150 and +01009 + 07015 (s.e.) for 31

‘gtars with Am > 11?0. - There does not appear' to be any

dependence of the systematic difference on separation. It appears that
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Strand's results for Am < 130 are o3 - s larger than Eggen's and
Kooreman's but that his results for larger magnitude differences are in
fair.agneement with those of the other two authors. Figures ia, 2a and
4a of Str:ilnd (1969) illustrate the tendency of Strand's magnitude differences
to be too large for Am < ll:no. Strand however does not comment on this
point.. Similarly Wieth-Knudsen (1957) has compared his results with those
in Wallenquist's (1954) catalogue and claims that the differencés, Wieth-
Knudsen minps Wallenquiét, do n;>t _depend on the magnitude difference
- whereas his fig. 2 shows that for stars with Am > 275 there is a tendency
vfor these differences to be negative.

Wierzbinski (1969) does not refer to Eggen (1963) or Eggen (1966) |
and appears to have been unaware of the various. systematic diffepe‘nces o
bétween the results of Strand (1969), Kooreman (1946), Wieth-Knudsen
(1957) and van Albada (1958). His catalogue should therefore be used with
caution. We have not compared our results with those in Wierzbinski's
catalogue because, for virtually all the stars in common, the results in
Wierzbinski are based on authors whose results we have already discussed.
Thé external errors of Parts One and Three of Wierzbinski's catalogue are
certainly not less than 0710 and that for Part Two is probably much higlier.
Systematic errors are extremely likely especially for large magnitude ,
differéhces. _It Should be noted that Wierzbinski identifies the double star
observer A as Dembowski whereas most if not all the results given as
being by A are in fact by Duxilop whose abbreviation in the Southern Double
Star Catalogue (Innes 1927) is A.

Heintz (1969) comments concerning Am observations by visual

observers: 'Large Am's are overestimated on the average.... Correction
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formulae for the Am vhave been given by 5bik... . as is now generally
agreed-in Opik's results the systematic correction is underdone....'.

We find to the contrary. For 27. stars the differences, This work minus
Opik, have a mean of +0524 + 0705 (s.e.) with no dependence on magni-
tude differepoe. The root mean square difference, after correction for

the systeniatic difference is 0727.

11.4 Some comments on the accuracy of the separations obtained

The differences between the separations assumed for the separa-

tion standard stars when calculating the scales and the values obtained for

these stars when treated as progx;am stars were examined. It was found
that the systematic difference (measured separation-standard separation)
was -02022 + 0To21 (8.e.) arcsecs with root mean square difference 0.10
arcsecs. This small systematic dﬁfemnw reflects the fact that some of
the stars were used as standards very much more often than otheré. The'
high rooi mean square difference is caused by some large differences for
wider separation standafds (beéause of the erroneous wobble plate centreing).
The mean separation of the ‘standards was 6.1 arcsecs whereas that for
the other stars was 3.8 arcsecs. |

For stars for which the séparations in Table I are given to two
decimal places and which are not known to have significantly changing
separation a comparison was made with the separations given in the Index
Catalogue. of Double Stars (IDS) (Jeffers, van den Bos and Greeby 1963).
Eivé of the 54 stars in the éample showed differences greater than 0.3 v
arcsecs, one difference being over 1 arcsec. On investigation it was found

that, in each of these 5 cases, the separation given in the IDS was based
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on a few poor measures. Considering only the remaining 49 stars a
systematic difference, This work minus IDS, of +0.006 + 0.014 (s.e.)
arcsecs was found, the root ﬁean square of a single differen_ce being 0.10
arcsecs. When these 49 stars were divided into groups with se‘parations,
greater than 3.0 arcsecs, less than 3.0 arcsecs, respectively, no signi-
ficant difference was found between the two groups. Thus our separations
do not appear to be systgmatically wrong or to have errors depending on
separation whereas it was expected that scaling e»rrors (see Sections 7.4
and 7.7) which are essentially percentage errors would enéure that the‘
errors would be larg;ast for the wides_t stars. .The overlapvping of the pro-
files probably increases the error of the separations' for the closer stars.
The root mean square difference of 0.10 arcsecs with the IDS is satis-

- factory when it is rememberéd that the IDS separations are only quoted
to one decimal place. It seems that the internal mean errors quoted in
Table I, the root-rﬁea.n square of which is 0.045 arcsecs, are comparable

with the external errors of the corresponding separations.
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CHAPTER 12

CONCLUSIONS AND RECOMMENDATIONS

12.1 Improvemenfs to the UCT Area Scanner

There are many ways in which the efficiency, accuracy and useful-
ness of our area scanner can be improved. MoSt of these concern the
hardware, the ASHCAN program and the observing procedure.

The most urgent improvement required is to the gearing system
used between the- stepping motor and the wobble plate A'shaft.‘ Large backlash
in the gears allowed incorrect motion of the wobble plate resulting in large
errors in separation and magnitude difference as has been discussed in
Chapter 7. This problem can be tackled in two ways. Gears wifch minimal
backlash can be used for the approximately 4:1 gearing between the motor
and the wobble plate shaft. Alternatively, or perhaps in addition, a trigger
and sensing mechanism can be built into the photometer and the ASHCAN
program to ensure that the scans are all centred on.the correct ''flat" posij
tion of the wobble plate. Beside the elimination of. the errors caused by the
wrong centreing of the wobble plate it is likely that the minimising of back-
lash will improve the shapes of the accumulated scan profiles' resulting in
better fits and another decrease in error.

The addition of a 360° circle to the scanner and a change in the ob-
serving procedure would enable méasurements of the' position angle of the
doubles to be made. There are three ways in which the position angle of
a star could be obtained. Thé most accurate way would be to observe the
star at several (6 ‘or 8?) different scanning angles and fit a-sine curve

(see Rakos 1972) to the separations at the various scan aﬁgles. This method
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should yield the most accurate separation. However it would not be
justified using our scanner because of inaccuracy in the rotation‘of the
bearing in our turntable module (see Section 3.2). The large number of
extra observétions required is also a disadvantage. At the other extréme
one could merely set the turntable so that the stars, as viewed through

the eyepiece, are in the position‘previously described as horizontal. This
would result in a random error of séveral degrees in the position angle
and possibly a systematic error too. Another method which might be more
accurate without being too time-consﬁrﬁ‘ing would be to rotate the turntable
.till the images of both components are simultaneously on the slit. This
should be relatively quick and accurate and could easily be done before
rotating by 90° or some other measured angle to do the rﬁain part of the
observation. The separations obtained should then be more accurate than
those obtained by the procedure used for the pre.sent‘observations. Using
the methods outlined above it should be possible to measure the position
angles and separations of stars with separations up to about 20 arcsecs without
making any further changes to the equipment.

If magnetic tape is used for output of the data the resulting decrease
in output time for each accumulated scan will result in a slightly d;ecreased
time being needed for each observation as discussed in Sections 3.4.4 and
4.4. The hardware and ASHCAN px;ogram could be altered to enable in.clu-
sion of extra information on the punched (or magnetic) tape. Items such
as filter used, wobble plate used, observation sequence number, star name
etc. could be automatically/semi-automatically recorded in this Way so as
 to speed up the observations and make the subsequent reduction easier,

faster and more accurate. The author is not convinced that these goals



192,

would be achieved.

Several alterations to the ASHCAN program however would be
worthwhile. The bins on either end of the scan should be corrected for
the losses resulting from shifting during the summing process. This can
be done by counting the number of times each bin of the accumulated scan
does not receive an increment and, knowing the total number of scans made,
multiplying the total in each bin by the appropriate ratio immediately before
outputting the data. It would be much easier to judge the quality of the
peaks of faint components.in the accumulated scans if the accumulated scan
could (optionally) be displayed instead of the mean scan. There is scope
for experimentation in the correlation part of the ASHCAN program. The
maximum shift allowed before rejection could be set at 8 or 10 instead of
16 bins. This might improve the profile shapes. The actual function v;'hich
is maximised in the correlation proﬁedure could possibly be éltered.
Criteria could be introduced to reject scans made in worse than average
seeing (see Section 4.5). It is expected that it will be possible to improve
the resolution of the Hsca.nner in this way be decreasing the width of the

profiles of the components. There is however the danger that systematic

errors could be introduced at the same time.

For very bright stars neutral filters will be used in future to
reduce the amount of light reaching- the photomultiplier tube. bnce the
absorption of the neutral filters 'and the colour equations for the system
including the neutral filters have‘ been found then very bright stars could
be scanned using the full aperture .of the telescope and simultaneous or
near simultaneous UBV photometry‘ could be made without any coincidence

loss problems.
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| The observing procedure could be improved in severall ways.
More care could be taken to avoid having internal reflection image profiles
of the primary near the profile of the secondary (sée Séction 5.6)., Obser-
irations with the turntable rotated so that the viewing eyepiece is on the
north side of the telescope could be made more frequently as checks (see
Section 4.4). Conventional UBV observations of standards should be made
more Irequently so as to improve the accuracy bf the transformation of
the magnitude differences to the UBV system. The accuracy of the éepa-
rations obtained would be improved by making more frequent ob'servationsr
of separation standards.

A very careful check of the parallelity of each new slit should be
made before it is taken into use.

Two sources of error in the magnitude differences should be more
thoroughly investigated. These are systematic wrong fitting of magnitude
differences in the case of badly overlapping profiles and the incorrect
centreing of the scans. These are discussed in Sections 7.4 and 7.'6. In
the case of incorrect centreing an experiment should be performed in
which the centreing is set wrong by measured amounts in order to verify
the conclusions of Sections.7.4 and 76 |

Several minor changes ip the reduction programs could improve

the accuracy of our results very slightly. | »

12.2 Moving the slit versus moving the image

A key feature in the design of any area scanner is the method by
which the Scapning is achieved. The method we usé, namely scanning the

‘image across a slit by wobbling a quartz plate in the converging light beam,
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caused coﬁplications in our reduction process because of the non-linearity
of the image shift and the ldependence of the shift on the wavelength of the
light (see Section 6.2). It also sometimes gave rise, by internal reflection
in the wobble plate, to troublesome'extra images (see Section 5.6). Pro;
blems also occurred with the gears between the driving motor and the
wobble plate shaft. ‘Howéver we pnéfer these problems to those which
might occur as a result of non-linearities in the motion of the slit in the
arrangement as used by Franz and Rakos (see Chapter 2). Moving the
image across a. glit by rocking a dox;ble mirror in the light beam as des-
qribgd by Hg!g (1971) seems to be the simplest scanning method used up to
the present time. Infortunately we cannot compare our experiences with

those of Rakos, Franz and Hgg as they have not yet described their work

in detail.

12.3 Range of applicability of the areca scanner to double star observations

Figure 34 is a plot of magnitude difference versus separation for

the stars in Table I. The original limits set for the observing program

~ are indicated. ‘The stars with separation greater than 10 arcsecs were

added in a slight extension of the program. Most of the stars with sepa-
ration less than 2 arcsecs were included in the program because the sepa-
rations given for them in the Catalogue of Bright Stars were over 2 arcsecs.

With the scanner in its present state stars with separation less than 1

. arcsec can be measured, using the 1 metre telescope, only on nights of

exceptional seeing and then only if their magnitude differences are less
than about 1 magnitude. Stars with separation between 1 and 3 arcsecs

and small magnitude difference can quite frequently be measured at
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Sutherland but exceptional seeing is required for those §vith magnitude
difference greater than about 3 magnitudes. Observation of still wider
stars is routine except for those with very large magnitude differences.
The improvements described in Section 12.1 should increase the accuracy

~ of all observations and enable worthwhile observations of the closer stars
to be made in slightly worse seeing than is currently possible. Observa- A
tions on fainter stars take longer and require slightly better seeing than
those on bright stars because of the lower totals_ of counts mcofded in
each bin. On the 1 metre telescope the scanner requires a primary
brighter than aboﬁt 11th mag'nitude for the correlation procgss to be reli-
able nand‘ a secondary brighter thanAabout 12th magnitude in order to com-
plete the observation in a reasonable time. Observations on stars with
components fainter than these limits are possible for stars wider than about
4 arcsecs but they would be time consuming and not very accurate. If
our scanner were to be used on a larger ‘telescopé‘u’éhese magnitude limits
would be adjﬁsted accordingly.

The stars pbserved in our program are only a small fraction of
those on which our scanner could be used to obtain UBV photbmetry and
separations (ahd position angies). Among the éouthern bright stars there -
are a number with separations of 0.5 - 2. 0 arcsecs which should be ob-
served and also a number of wider stars with very large magnitude
differences which it might be possible to observe. There are a great
many fainter doubies which could _be observed.

No (or very little) uvby photometry is available for components
of southern close visual doubles. Because of the smaller amount of light

passed by the uvby filters observations using our scanner would take longer
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and be restricted to brighter stars than is the case for UBV photometry.
However in view of the greater astrophysical uséfulness of uvby photometry
it would seem worthwhile to make uvby observations.

QOur scanner can be used fo obtain the light curves of variable
components of double stars. However, due to the highly variable, some-
times rather large, errors of single measurés of magnitude difference it
would not be worthwhile observing variables with range less than several
tenths of a ﬁagnitude except in cases of stars with rapid periodic varia-
tions for which a significant portion of tﬁe light curve can be obtained in
a single night. The tendency of random (and systematic?) errors to be
larger for larger magnitude differences must always be considered when

using area scanners on variable components of doubles.

12.4 ‘Future work in the field of double star photometry and astrometry

There is still very little photometry available for the components
of visual double stars especially for southern doubles. Not much astro-
metric work is currently being done on southern close visual doubles either.
Astrophysical studies are greatly hampered by this lack of basic data.
Murphy (1969), for example, in a study of visual binaries with B-type
primaries used Am's from Wallenquist (1954), v('jpik‘ 1924), Aitken (1932),
and the Harvard Revised photometry as well as photoelectric Am's by
authors such as Eggen (1963) and Tolbert (1964). He adjusted Eggen's
measures (which we have discussed in Chapter 11) by -0?127 to bring them
onto the system Qf Wallenquist (1954)! This is a very undesirable pro-

cedure.
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Techniques which yield photometric and astrometric results should
.therefore be vigorously used, in the southern hemisphére in particular.

The area scanning technique seems to be the best one for starsv with sepa-
rations 1-10 arcsecs. The electronographic camera can be used for a
similar range of separations with perhaps a slightly lower minimum sepa-
ration. Both these techniques can yield UBV or uvby photometry, separa-
tions and position angles if suitably applied. The 'ISeduction of the area
scanner observations is simpler whereas the telescope time used for the
electronographic camera observations is shorter. The Hertzsprung photo- ‘
graphic method has been shown to yield reasonably reliable visual Am's
up to Mm = 2m5 for stars as close as 2 arcsecs (see Chapter 11). It
should be possible by this method to obtain Am's for blue light which
could be transformed into the B of the UBV system. It might also be
worthvs}hile to pay more attention to the acéuracy of the Am's estimatedb
,from the plates taken primarily for astrometric purposes.

The area scanning technique can be used for stars much wider
than 10 arcsecs. It has an adw)antagé over conventiona.l photometry for all
separations for which the wings of the images of the components overlap
and the further advantage of being usable in non-photometric conditions.. |
However we feel that the much longer observation and reduction times
using the scanner as opposed to a conventional photometer preclude the use
of the scanner for such stars éxcept perhaps in the case of very large
magnitude differences (say 5 magnitudes or more). For stars wider -than
10 arcsecs conventional photometérs should rather be used. Franz (1970)
has illustrated how the light level midway between the two components falls

virtually to the background level for stars as close as 7 arcsecs when the
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‘seeing is good. We have found this to be the case at Sutherland, some-
times for stars much closer than 7 arcsecs. We have described (Chaptgr
2) the use of conventional photometers for UBV photometry of close visual
doubles. Eggen (1963, 1966a) has observed stars as close as 4 arcsecs,
apparently by conventional methods. However the techniques of Wayman
(1962), Tolbert (1964) and Kron (1964) are likely to be more accurate.
This photomefry requires small diaphragms and hence telescopes with accu-
rate tracking and good fine setting. Good seeiné is of course also a re-
‘quirement. For sites such as Sutherland and Cerro Tololo the seeing
would be adequate on at least half the photometric nights. Some non-
photometric nights could be used to measure magnitude differences.
Photometric nights with bad seeing could be used to make combined light

measures of the doubles.
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APPENDIX 1

Opefating instructions for ASHCAN program

Loading the program via the teletype

Position the program tape on the teletype reader. Select 17777 on the
front panel switches. Push RESET and START. A block of code at

location 17777 reads in the program.

Starting the program

.Select 400. Push RESET and START.

Altering the backlash constant

The backlash constant is stored in location 326. To change it stop the
program, select 326, push EXAMINE, select new value on the switches,
push DEPOSIT, restart the program. The value of the backlash constant

after reading in the program is 12.

The functions of the switches

‘ { means up, | means down in this description.

01 The data for the accumulated scan are transferred to a buffer and
printing and punching of the data in the buffer is started. |

0-l - Aborts printing and punching of the buffer.

11 Starts the -wobbling of the plate.

1 l Parks the wobble plate in the position froﬁ‘n which it started.

21 Disables normal fuﬁctior_xs of swtiches 4-15. Causes a pause in
printing and punching. Prepares program to accept a new value
of SCANS/INTEGRATION i.e. the number of écans added together

before correlation. The new value is selected on switchegs 4-15
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and inserted by 31, 3| . 2| then returns program to its normal state.
See 27.

Not used.

Mean accumulated scan is displayed on the right side of the svcneen.
Return scan displayed on right side of screen.

Used in conjunction with 12, Mégnifies_the X axis p.oint' spacing

by a factor -of 2 or rolls the points (i.e. moves the points across
the screen). This switch is not ﬁormally‘operated as the functions
are not required during area scanning.

Stops the rolling.

Used in conjunction with 12. Magnifies fhe y axis point spacing

by 2 or rolls the points upwards. |

Stops the rolling. |

Magnify.

Roll.

Reset display to unit magnification and zero roll.

No correlation.

Correlation.

Starts data recording after clearing the appropriate memory.

Stops data recording.
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APPENDIX II

Scale factors used in determining separafions

Telescope —> 50cm 75cm 100cm

4:1 gearing, 3mm plate|0.06565 - 0.03893 arcsecs/unit

4,032:1 gearing, 3mm plate|0.06565 | 0.05390 0. 04210 arcsecs/unit

4,032:1 gearing, 5mm plate|0.09655 | 0.07925 | 0.06200 arcsecs/unit

For one observing run on the 100 cm telescope using the 4.032:1 gearing

scale factors of 0.04050 and 0.05970 arcsecs/unit were used for the 3 mm

and 5 mm plates respectively.



1.

2.

3.

4.

205.

APPENDIX III

SUMMARY OF REDUCTION PROCEDURE

Read the paper tapes into elements of a file using TPREAD. Call

the elements ., TAPEx where x is the tape number.

Edit the tape elements on the file. It is best to use the @ELT
processor. Correct all obvious data errors, delete where appropri-
ate. Refer to teletype printout and observing log where necessary.
Make sure all data is in 14 line blocks in the format: dummy line,
SCANS/INTEGRATION ‘line, 12 data lines.

Combine file elements into larger ones if some are very small.

Make identification cards for each 14 line data block. Normally

each star is observed once with each of the 3 filters so a simple

program can be used to\have the computer punch these cards.

For observations where extra accumulated scans were recorded the

extra identifying cards can be punched by hand. The identification

card for sequence number 1079, B filter is SRUN 1079-2. The 3

is a check number and is fixed. The code for U is a 1, for B a 2,
for V a 3 and for R a 4. Another two digits may follow the colour
code. The first digit indicates repeats using the same filter e.g. -
2 indicates the first accumulated scan in B, -21 the second, -22

the .thifd. The next digit is used to give information on the scan
angle in abnormal cases. A zero (or blank) is used for normal
scans. A 1 indicates that a repeat non-horizontal observation had
the ordering of the components along the slit reversed by rotating

the turntable by somewhat less than 180°. A 9 indicates that the

4
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observation was made with the viewing eyepiece on the north side

- of the telescope i.e. with the turntable rotated 180° from the posi-

tion in which it would normally be set for observing the star.

- Use prepunched editing cards -1,1; -15,15; etc. and the identifi-

cation cards just punched to insert the identification in the data.

Run the graph-printing prc;gram GRPRNT. Normally use option 2
i;e. print graphs of all runs between two run numbers given in the
runstream. | |

Inspect the graphs for errors in the data and cases where start
parameters need to be inserted by hand because the automatic
initialization may fail. The automatic initialization will nearly always
work if there is a peak for the secondary and it is separated from
the primary peak by a trough at least 6 bins wide.

Run the curve-fitting program (see Appendix IV).

Examine the summary of fitted parameters, errors etc. Look for
any abnormal termination and INPAR failed messages. - Also look

for ;'uns with abnormally large magriitude differences, very small
separations or very large (greater than approximately 10%) percent-
age errors in the fitted heights - all these are indicative of an in-
correct fit. High percentage error in the fitted background suggests
an unreliable magnitude difference. Examine the graphs of the fits
aﬁd the graphs of the residuals. The graphs may point to many
different errors and abnormalities. Where the automatic initialization
of parameters failed, no fit was obtained, or a wrong ﬁt was obtained
the data should be rerun with better estimates of the start parameters.

Where the fit. of the secondary or of the background seems poor
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because the secondary is very close to the edge of the scan or
there are insufficient background bins then the data can be rerun
with more bins included. This is a matter of fine judgement as

the magnitude difference can be severely affected by inclusion of

‘bins which have in fact suffered losses of cbunts because of the

correlation shifting process. For reruns of data option 1 of the
program is vnormally used with each set of daté specifically identi-
fied on a run information card.

Arrange the output cards in order selecting the card corresponding
to the best fit in cases where more than one 'correct' fit. was made.
List the cards and punch another copy. This can easily be done 6n
the UNIVAC.

File oné copy of the output carés in order of stars.

Keep the second copy in observing log sequence number and use

the MAGCHK prografn on each night's observations separately.

Record rough combined light UBV of known and apparent variables

if the night appears photometric. Record the scale factors given

"~ by the 'sep;aration standards.

Use the UBVCON program on the results for the individual stars
using the starwise arranged copy of the output cards.

Examine the printouts from UBVCON carefully. Rerun UBVCON 1f ,
necessary.

Prepare the results in a form suitable for publication.
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APPENDIX IV

Listing of Program CONTRL

ASHCANSPROGS ,CONMAP

IN PROGS,CONTRL

IN PROGS.INPAR

IN PROGSFIT/NEW

IN PROGS+JACORD/ORIG
IN PROGS.FRANZ

IN PROGS.GRAPH

IN PROGS.GREER

N OE WN -
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CONTRL
THIS PROGRAM CONTROLS THE EXECUTION OF INPAR'FIT+GRAPH AlD GREER

IF lop.EQ.l ONLY THOSE RUNS ExpLICITLY MENTIONED ON RUN INFORMATION
CARDS ARE PROCESSED. ONLY 20 SUCH CARDS ARE PERMITTED.

IF 1oP.EQe2 ALL RUNS NETWEEN A FIRST AND LAST RUN MENTIONED ON TwO RUN
INFORMATION CARDS WwILL BE PROCESSED. STARTING PARAMETERS ETC MAY STILL
BE GIVEN FOR Up TO (20-2) INDIVIDUAL RUNS ON RUN INFORMATION CARDS
PLACED BETWEEN THE CARDS FOR THE FIRST AND LAST RUNS,

IN EITHER CASE THE LAST RuN INFORMATION CARD MUST BE FOLLOWED BY A
CARD WITH Q000 IN COLUMNS l=4 UNLESS THERE ARE 20 INFORMATION CARDS.
THIS CARD MUST ALSO BE FOLLOWED BY A BLANK CARD

BEWARE THE FORMAT OfF RyUN INFORMATION CARDS = EACH RUN INFORMATION CARD
IS ACTUALLY Twi0 CARDS. THE VALUES OF KKAskkk AND IT ARE GIVEN ON A
SECOND CARD SO IF THEY ARE NOT TO BE EXPLICITLY GIVEN A gLANK CARD MUST
BE INSERTED. THIS MUST BE DONE AFTER THE 0000 CARD ALSO

IERR IS AN OPTION CONTROLLER,THIS OPTION MNAKES A ROUGH DETERMINATION
OF THE PERCENTAGE ERRORS OF THE FITS OF THE PORTIONS OF pROFILE DUE ToO
EACH SEPARATE STAR IN CASES OF WIDE SEPARATION(LITTLE OVERLAP)

THIS IS DONE By COMPARING TOTALS OF OBSERyED AND CALCULATED vALUES FOR
THE 25 CHANMELS CENTRED ON THE PEAK

IF IERR.HE,O THEN THE OPTION IS PERFORMED.

DIMENSION X(120)»Y(120)+F0O(120)sF1(120+11})

DIMENSION xuU(120):xB8(120),xy(120)+XR(120)

DIMENSION D(11)spOCll)eplllYscOy(llsll)outllell)

DIMENSION A(C120)+8(120) o ISTRUN(20)+ISTCOL(20) STPA(11+20)41STgkAt2
30)'ISTKKK(20)oITST(ZO)'POS(b)oXPV(3)

DIMENSION AxU(60).8xXU(60)+AXBI60)+BXB(60)+AXV(60)8XY(60)
DIMENSION AXR(460).BXR(60)

DIMENSION TERRST(2Q)

NOTE THAT THE ARRAY pO IS PEE-~NOUGHT WHEREAS p0S IS PEE=OH=ESS
EQUIVALENCE (ACLI)sF1(Llo 1)) e(B(L1)IsF1(142))
EQUIVALENCE (XU(L1)vAXUCL)) o (xU(b6L)sBXU(]))
EQUIVALENCE (XB(1)eAXBUL1))o(xB(&1)BXBL{]))
EQUIVALENCE (XV(l)cAXV(l))O(XV(bl)'BXV(l))
EQUIVALENCE (XR(1)sAXRULDI) o {xR(61)eBXRIT))
LOGICAL IL.

IL IS SET FALSE IF INPAR FAILS

EXTERNAL FRANZ

DATA AXy/,000 3,518 7.013» 10,486¢ 3,935

17.363» 20,770y 24,155, 27,520+ 30,864
34,189 37,494 40,780+ 44,0489+ 47,298
50,530s 53,744, 56,942y 60,123+ 63,288
66,438y 69,572y 72,691 75,796 78,887

1,965+ 85,029 88,080y 91,119+ 924,145
927.161¢100,165+103,158+1046,140¢109,113¢
112,0762115,029+117,974+120,910+123,838
126,758+129,671+132,577+135,477+138,370»
141,257+ 144,139+147,016+149,8882152,755
155,619 158,4791161,337¢164,1910167,043
169,8920172.740.175.587o178,433'181.278/

DATA BXUZ184,123¢186,9691189,8154192,66}¢195,509

* 198,3594201,211+204,065:206,9224¢209,783

o ¢ & &8 & 8 O 0 00
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210,

212,6464215,51441218,3864221,26342249,145
227,032+,229,925¢232,8254235,731+238,643

241 ,564+244,492+247 ,4284250,373+1253,326
256 ,289+259,2621262,2444265,237+268,24]
271,25641274,28341277,322+280,373+283,437
286,5154¢289,6054292,710+295,830+298,964
302,114+305,279+308,460¢311,658+314,872
J18,104+¢321,354¢324,621+327,908¢331,213
334,538+337,882¢34%],247+344,632+348,038
351 ,466+354,9164358,388+346],884.365,402/

AXB/,000. 3,489+ 6,954 10,3969 13,816

17,213+ 20,589+ 23,9442 27,279+ 30,592,
33,8864 37,161 40,416+ 43,653, 46,872,
50,072+ 53,256y 56,422+ 59,572+ 62,706
65,824, 68,927+ 72,015+ 75,088+ 78,148
81,193 84,2264 87,245, 90,252+ 93,247,

96,231, 99,203,102,164+,105,115,108,056,
110.9864113. 908.116 8214119,7254122,621»
125,509+128,390+131,264+134,131+136,993
139,848,142,697+,145,542,148,382,151,218,
154,0504156,878+159,703+162,5254165,344,
168,16241170,97841173,793+1176,6064179,419/

DATA Bx8/182,232,185,045+1187,859+190,674+193,490

196,3074199,127+201,949,204,774+207,602
210,434,213, 270.216,109.218 954,221,804
224.659.227,520.230.383.233.261.236.142.
239,031+0241,927+244,831+247 ,7444250,665,
253,596+256,5371259,48741262,4490265.421
268,4044271,399+274,4060277 ,426+280,458
283,5044286,5631289,637+1292,725+295,828
298,946+302,0801305,229+308,396+311,579
314,7800317,999+321,236+324,4914327,765,
331,059+334,3734337,707+341,062+344,438,
347,836+351,256+354,6984358,1634361,652/

‘AXv/,000¢ 33,4644 6,905y 10,323, 13,7180

17,0919 20,4493+ 23,7734 27,082+ 30,371}
33,640+ 36,890 40,120+ 43,332, 46,525,
49,701+ 52,859, 56,000y 59,125, 62,233,

65,3260 68,4030 71,466 74,5139 77,547,
80,567+ 83,574y 86,568+ 89,549, 92,519
95,476 98,423+10!,358+104,283+107,198
110.,103+112,999+115,8850118,764+121,634
124,496+127,351+130,199+133,041+135,876
138,7050141,529¢144,347+147,161+149,971
152,777+155,579+158,3784161,174+163,968»
166,759 169,5994172,3384175,1254177,913/

DATA BXV/180,699,183,487,186,274+189,0634191,853,

194,644,197,438,200,234+203,033,205,835.
208 ,6410211,451+214,2654217,0834219,907
222,736+225,571+228,4134231,261+23%,116
236,978+239,8984+1242,726+245,613+1248,509
251 ,414+254,329+257 ,254+260,1894263,136»
266,093¢269,063,272,0444275,038+278,045
281 ,0654284,098+1287,146+290,2091293,286
296 ,3794.299 ,4874302,612+305,753+308,911
312,087+315,280+318,492+321,722+324,972
328,2%19331,530+334,839+338,169+3%]1,521
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. 344,894.348,289.351,707.355,148.358,612/
DATA AXR/.000s 3,437+ 6,850 10,240+ 13,607
16,952, 20,2759+ 23,577+ 26,859 30,119,
33,360, 36,581 39,782 42,965+ 46,130
49,277+ 52,406+ 55,519, 58,614y 61,694,
64,757+ 67,8060 70,839, 73,858+ 76,8621
79,853, 82,831, 85,795, 88,747 91,687
94,6160 97,533+100,439+103,334+106,220

109.095.111,962.114.819.117,668.120,509.
123,341+1126,167+128,985+131,797+13%,603+

137 ,402+140,197+142,9864145,770+148,550,

151.327+154,099+156,8681159,635+162,399

165,1610167,921+170,680+173,438+176,196/

DATA BxR/178.953.131.711.184.469.187.228-189.983.
192,750+195,514+198,281+201,0500+203,823»
206.5991209.379.212.163'214,953-217.7470
220,547+223,3521226,164+228,982,231,808,
234,641+237,481+240,330+243,188+246,054»
248,930+251,815¢254,711+257,617+260,53%,
263.462.266,402.269.354.272.319.275,296.

 278,287,281,2924284,310,287,344,290,392.
293.4564296,535+299,631+302,743+305,872,
309,019'312.1840315,367'318'5690321,7900
325,030.328,291.331,572.334,874.338,197.
: '341.542.344,910.348,300.351.713.355.149/
SET upP DIMENSIONS :
N=120
M=1l
10 Is THE NyMBER OF THE DATA FILE TO gE ysEDp FOR STORING RESULTS
10=25 .
ASSIGN READER AND PRINTER UNIT NUMBERS
IR=8
IRR=0
Iw=5S
WRITE(10+103)
103 FORMATI(® RUNY obxo'DM"Sxo'SEP'o‘fx"l."3xv'VAR'on.tPERA'olx"PE
*RB P5/P2 PS5/p4 plé&) pl7) S RMAG')
READ IN VALUES OF ggAwkgk+1T TO BE USED IN ABSENCE OF ExpLICIT VALUES
OF THESE VARIABLES oM A RUN INFORMATION CARD
READ(IR.104)KKAsoKKKS.ITS.IOUT-KOV'STOP

104 FORMAT(5IS.F10.,4) .

READ IN yALUES OF pO(6) TO PO(L1) TO BE USED IF NOT ExpPLICITLY GIVEN

DEPENDING ON Ipy THE LAST FITTED VALUES OF THE PARAMETERS MAY OVERRIDE

THESE VALUES : .

READ(IR,105)P0S,IPV

105 FORMATI(4F5,2+2F5,102X4311)

leTE(lw'lOb)KKAS'KKKS'ITS'POSvIOUT-KOVoSTOP'IPV

106 FORMAT(YL1Y///7777777777777° DEFAULT VALUESY/' KKA = *,14/% KKK = '

e, I4/% IT = '415/° pol&) = *,F6,2/% pO(7) = YyFb6,2/" p0O(8) = ',F6,2
e/ pOl9) = Y. Fb6,2/7* pOl10) = *WFS5,17* po(ll) = *WFS5,.1/77/77% VALUES
eOF OUTPUT CONTROL PARAMETERS'/' I0UT = *.12/' KOV = v+12/'0CVALUE O
eF STOppING PARAMETER STOp = *F8,4//7° lpv = *v311)
READ(IR.107)10P
107 FORMAT(I1)
READ THE RUN INFORMATION CARDS
NR=0 .
S NR=NR+] ' -

o o8 6 ¢ & & % & 00

» 6 88 &0 &0 o0
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READ(XRbIOG)XSTRUN(NR)'ISTCOL(NR)'(STPA(IONR)Olaloll).ISTKKA(NR)oI
oSTKKK(NR)+ITST(NR)» IERRST(NR)

FORMAT(I441X+1342X12(FS5¢1sF10,0)+F10,0+6F5,0/415)
IFLISTRUNINR) .EQ.0)GO TO &6

IF(NR=20)5+17+7

NReNR=]

FIND THE REQUIRED RyN ON THE FILE AND READ IN THE OBSERVED VALUES

"ALSO SET THE PARAMETERS AS SPECIFIED BY Ipy AND THE RUN INFORMATION
CARDS :

7
8

IPy
Pl

120

l=]+1

I1ERR=Q
IF(I.GT.NR)GO To 80
KKARKKAS

KKK®KKKS
IT=]TS

(1)eIPV(2)2IPV(3) RESPECTIVELY NON=ZERO CAUSE LAST FITTED VALUES OF
JgP(7)eP(B)gP(9)spl10)IgP(11) RESPECTIVELY TO BE USED INSTEAD OF THE

DEFAULT vALUES pOS(]) ETCETERA AS START yALUES OF RESp, PARAMETERS

10
12
13
114

15
116

17

l8
19

20
21

22
23

33

34

37

DO 12 [y=1,3

IFCIPY(IU) NE.O.AHDI.GT,1)GO TO 10
PO(4+2«1Y)=pPOS(2e]y=1)
PO(S+2¢1J)=2P0S(2e1y)

GO TO 12

POLU4+2+1JV=P (4421 ])
PO(5+2e1y)=pi5+2e] )

COMTINUE

READ(IR,114)ICHECK

FORMATI(I1) i
IFUICHECK=3)13+15413
READ(O+116)IRUN,ICOL
FORMAT(SX s I4e1Xs13) :
IFCIRUN=ISTRUN(TI))17+18,17
IF(I.NE-I.AND.IOPQEQ.Z)GO TOo 37
GO TO 13 .
IF(ICOL=ISTCOL(]))19+20,19
IFII.NE.l.AND+IOPJEQ.2)G0 TO 37
GO TO 13 ' )
DO 21 MI=],S
PO(MIN=STPA(MI])

DO 23 MI=6411 ‘
IF(STPA{MIs1)=0,1)23+123,22
PO(MII=STPA(MII)

CONTINUE

IERR=1ERRST(1)

IFCISTKKA(I) EQ.0)GO TO 33
KKA=ISTKKA(Il) .
IFCISTKKK(I)EQeB)GO TO 34
KKK=ISTKKK (1)
IF(ITST(1),EQs0)GO TO 40
IT=I1TST(1]) '

GO TO 40

DO 38 MI=|+5
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38 PgiM1)=g,0
I=1a]
40 READ(IR+141)ISCAN,]ITOTSC
141 FORMAT(22X415,T45,15)
IF(ISCAN.LT,100)G0 TO 1039
READ(IRR*1]141)ISCANJITOTSC
1141 FORMATI2IXeI4%014X014)
1039 READ(IR,142)Y
142 FORMAT((T3,10F7,0))
- IFLICOL=200)42¢4144)
41 TF(ICOL=300)444,1041,1041
1041 IFf{IcoL~-4900046+10492,104
42 DO 43 IKk=l.N :
43 x(Ik)=xullg)
GO0 TO 48
44 DO 45 Ik=1.N
45 x(Ik)=xBl1K)
GO TO 48 , ,
46 DO 47 IKk=iN _ K
47 xtlIgd=xyl1g)
GO TO 48
1042 DO 1043 IK=]N
1043 x(Ik)=xRr(Ik)
48 IF(IOUTLLT,.4)G0 TO 1048
WRITE(I¢w 143)IRYUNSICOLYISCANYITOTSC
143 FORMAT(Y1%4//777% RUNY s[4y 'm?® 13,0 SCANS/INTEGRATION=Y ¢ I5,?
¢ TOTAL SCANS=',15) -
WRITE(IW 144)
144 FORMAT('OpARAMETERS PASSED TO INPAR'/' Jtebxe'p0(y))
WRITE(IWws14S)((1gePOLIY))elynlell)
145 FORMAT((IX+12,E12.5))
WRITE(IW +146)KKA KKK
146 FORMAT('OKKA = "4]13/' KKK = *413)
1048 IL=«TRUE,

C .
¢ INITIALISE pPARAMETERS pOf(l) To pO(S) IF NOT ALREADY INITIALISED
c
CALL INPAR(X+YsPOsKKAWKKKsIL)
IF(IOUT.LT,4)G0 TO 1049
WRITE(Iw149) .
149 FORMAT(*0*v///7/r pARAMETERS RETURNED By INPAR'/' ' ebxe'p0O(yl)")
WRITE(Iwel4S)Y({IgspO{Iudl)ely=lell) '
1049 IF(IL)IGO TO SO
WRITE(IW147) .
147 FORMAT('OINPAR FAILED TO FIND TwO PEAKS')
WRITE(IO+148)IRUNsICOL ' ,
148 FORMAT(Y *4]44%=?,[3+5X+*INPAR FAILED')
GO 70 8 '

CALL SUBROUTINE FIT wWHICH FITS CURVE TO DATA AND PRINTS RESULTS

O Nno

50 CALL FIT(XeY'FRANZIFOSFIoDvPOsPsCOVIUINIMiKOVeIOUTIITySTOPIKKAPKKK
@, JRUN+ICOLYISCANCITOTSC)

nnon

OpTIONALLY CALCULATE ROUGH PERCENTAGE ERROR OF FITS OF PEAKS

IF(1ERR.EQ,0)GO TO 59
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ICHP A= INT(P(1)/3,5)
ICHPB=INT(P({3)/23.5)

51 ICHPA-ICHPAS+]
IF(X(ICHPA)Y=P(1))51,51¢53

53 ICHPB=ICHPB*+]

} IF(X{ICHPB)=P(3))53+453+54

54 SuMO=0, :
suMC=0,
ITEK=1CHPA=12
ITEM=ICHPA+12
DO 55 IEI=ITEK»ITEM
SUMO=SUMO+Y(IEI)

55 SUMC=SUMC+FO(IEI) :
ERRA=100+,00{SUMO~SUMCI/(SUMO=25,0P(5))
SUMO=0,

SuMC=0,
ITEK=ICHPB=~]2
ITEM=ICHPB+12

DO 56 [EI=ITEK+ITEM
SUHO=SyMO+y (1EI)

56 SUMC=SUMC+FO(IETD)

‘ ERRB=100.0«(SyMO~SyMC) /7 (SYM0=25.0ep(5))
WRITE(Iw*156)ERRA+ERRB

156 FORMAT(1%////777777° ERRA s ,Fb6,1¢" 0/0%/% ERRB =*sFb6ele* 0/0")

C '
C PLOT GRAPHS OF THE FIT AND THE RESIDUALS
c _
59 NOP=2
MOP=0
kB=12
IFIP(2)=P(4))60,
MINORP=4
MAJORP=2
GO T0.6]
60 MINORP=2
MAJORP=9‘
61 ICHMIPSINT(P(MINORP=11/3,5)
IF(P(MINORP)=0,2%P(MAJORP) ) 4165
MOP=]
62 ICHMIP=ICHHIP+] _
IF(X(ICHMIP)=PIMINORP=1))62,621465
65 CALL GRAPH(X*Y*FOINOP +MOP+ ICHMIP KB okKKA KKK IRUNYICOL,ISCANIITOTSC
®) '
CALL GREER(A+BoKKAI'KKK*IRUNsICOLYISCANCITOTSC)
GO TO 8 o '
80 WRITE(Iws181) .
18] FORMATH{*1%v///7/¢v ] GREATER THAN NR?')
END .
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. INPAR
SUBROUTINE INPAR(X+Y'POIKKASKKKsIL)

C .
C THIS SUBROUTINE SETS INITIAL VALUES OF THE PARAMETERS | TO 5 UNLESS
C THESE INITIAL vALUES ARE EXPLICITLY READ IN BY CONTRL FROM DATA CARDS
C ' :
C BOTH pARAMETERS 1 AND 3 CcAN gE REA N E :
C ONE OF THEM 8 -D 1 OR ELSE NEITHER suyT NQT ONLY
C
DIMENSION x(120)ev(120)spP0O(11)
LOGgICAL IL
1A=0 :
IB=0 A
IF(ABS(PO(]1))eGT,0,5.,AND,PO(3),GT40,5)G0 TO 30
1c=1
N=gxKA=4
DIFFB=0.5
OsSuM=0,0
11 NanN+4
IF(N+3 ,GTekkK)IGO TO 24
SuM=0,0
] NMN=MN+3
DO 12 U=NNN
12 SUM=SyM+Y ()
DIFFA=SUM=0SUM _
IFI(DIFFA®DIFFB) 154115016
15 IFIDIFFAII7¢16016
.16 0SUM=SUM
DIFFB=DIFFA
GO TO 11 .
17 IF(ICNEL11GO To 20
" JA=N=2
pOlll=x(1A)
IC=2
GO TO 14
20 IF{IC.NELW2)GO TQ 25
IB=N=2 '
PO(3)=mx(1IB)
Ic=3
GO TO 16
24 IF(IC.EQ.3)G0 To 30
IL=+.FALSE,
RETURN
25 1Q=N=2
IF(Y(TAY=Y(IB))} 2741270128
127 IF(Y(IAY=Y(IQ)) 1294129216
128 IF(Y(IB)=Y(IQ))130+13016
129 1A=1B
In=lQ
POCIl=X(TA)
PO(3lsx(1B)
GO TO 14
130 IB=1Q
PO(3)=x{1B)
GO TO |6 )
.30 IL=+TRUE,
IF(PO(S)¢GT+0.5)60 TO 40
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SUM=0,0
NMN=KKA+]

DO 31 J=aKKA NN
SUM=SUM+Y ()

SUMB=0,0

NN=KKK =1

DO 32 J=NMwKKK
SUMB=ESUMB+Y(y)
IF(SsuM,cT.SuMBISUMRSUMB
pPO(S)=SyUH/3,0
IF(PO(2),GT«0.,5)G0 TO 45
IF(IALNE,CIGO TO 43

DO 41 I=aKKAWKKK
IF(POCL)=x(T))42
COMNTINUE

IA=]

pPUl2)2Y(TA)=PO(5)
IF(PO(4)+46T+0.5)G0 TO 50'
DO 46 JU=1,KKK
IF(PO(3)=X(J))47
CONTINUE

IB=yJ

PO(4)=yY(IB)=PO(S)
RETURN

END
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+FIT/NEW

OO OO0 OO0 A0 00 OO0 OO O

sl aNeNeNg]

0

el el gl

SUBROUTINE FIT(XeYsFRANZ+FOF11D+PO+PeCOVIUINIMIKOV XOUT ITISTOPK
*KA'KKK+ IRUNsICOLsISCAN*ITOTSC)

SOME OF THE COMMENTS MAY NOT BE VERY APPROPRIATE ANY LONGERs THIS IS
BECAUSE EXTENSIVE CHANGES HAVE BEEN MADE TO THE ORIGINAL PROGRAM,

OPTIONALLY THE COVARIANCE MATRIXx OF THE ERRORS OF THE FITTED
PARAMETERS COv(yrg) 1S CALCULATED
KOy = O ¢ OMLY DIAGONAL ELEMENTS ARE CALCULATED
KOy = 1 ¢ ALL ELEMENTS ARE CALCULATED
KoV = 3 ¢ THE CoVARIANCE MATRIX 1Is Also PRINTED
THE PRINTOUT DURING EXECUTION OF FIT CAN BE CHOSEN BY I0UT:
IOUT = 0 OR SMALLER: NO PRINT

I0yT = 1 OR GREATER: ERROR MESSAGES

10yT = 2 OR GREATER: FITTED pARAMETERS yITH ERRORS

10yT = 3 OR GREATER: MEASURED + CALCULATED vALUES FOR ALL AgSclsSsAsS
10yT = 4 OR GREATER: vALUES OF DMSEpsywAR AFTER EACH ITERATION,

ALSO MAIN pROGRAM pRINTS PARAMETERs pPASSED TO
AND RETURNED BY INPAR. _
I0yT = 5 OR GREATER: CHANGES IN pARAMETERS wITH EACH INTEGRATION
STOp DETERMINES THE pRECISION AND IT THE MAXx.NUMBER OF ITERATIONS
THE DIMENSION OF THE DuMMY ARRAY u AND OF ALL MENTIONED ARRAYS MUST BE
SPECIFIED ACCORDING TO
DIMENSION x(N)-Y(N)oFO(N)oFl(N M).ocn).PO(n)oP(M).cov(M M)
DIMENSION U{M.H)
DIMENSION w(12G)sDMD(10)
INTERNALLY USED ARRAyS ARE SpECIFIED FOR A MAxIMUM OF 12 pARAMETERS
DIMENSION Q(12),2(12)+E(12)+DD(12)
LOGICAL LAWLBWLDOK

LA IS SET FALSE WHEN VAR>DVARS,
L Is SET TRyUE. ywHEN THE TOTAL OF 10 SUCCESSIyE AgSOLUTE CcHANGES IN DM

Is LESS THAN +002, THuS LB=+TRUE. WHEN pPROCESS 4 STOpS ITERATIONS.
LD 1S SET FALSE WHEN THE LINEARITy RANGE IS ExcEEDED,

Ok Is SET TRUE FOR ANY MORMAL TERMINATION,
DATA BLANKsSTAR/IH s lHe/
ASSIGN CHANNEL NUMBERS
Iw=5 '
Ip=9
10 Is FILE RESyYLTS
10=25

TEST FOR REASONABLE N AND M
IF{M,GEN) GOTO 500
THE FOLLOWING TEST HAS TO BE MODIFIED: IF THE DIMENSIONS oF g+ z AND
E ARE ALTERED
IF{M,GT+12) GOTO S10
INITIALIZATION

LB= oFALSEo
DMD(10)=1,0
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XM=M
XNMzKKK=KKA=M4]
B=le/SQRT(XM)
C L IS THE NUMBER OF ITERATIONS
L=0 _
C Ok IS A FLAG INDICATING NORMAL TERMINATION
OK=.FALSE, ’
ID Is THE NUMBER OF ITERATIONS wlITH ALTERATIONS GREATER THAN THE

C
C LINEARITY RANGE
1D=0
¢ IN 1s THE NyUMBER OF ITERATIONS wITH REDUCED LINEARITY RANGE
IN=0 _
¢ 11 1Is THE NyMBER OF ITERATIONS WwITH ILL CONDITIONED NORMAL EQUATIONS
, 11=0 _ S
C 1AMAX GIVES THE MAX. REDUCTION FACTOR OF THE LINEARITY RANGE
IAMAX=] .
C Is Is A COUNTER USEp IN THE STOPPING PROCESS.
1s=0 ,
¢ IR IS A COUNTER USED IN THE STOppING PROCESS
IR=0
C IMm Is AN INDICATOR ystEp To XNDICATE HOw THE ITERATIONS WERE STOPPED

IM=1
In=1 wHEN STOp CRITERION 5TOps ITERATIONS '
IM=2 WHEN yAR DECREASES gy LESS THAN ,0005 OR INCREASES gy LESS THAN
.001 THREE TIMES

IM=3 WHEN IR,GTels THAT IS+ WHEN IT HAS TwICE OCCURRED THAT VAR HAS

DECREASED By LESS THAN ,005 DESpITE REDyUCTION OF THE LINEARITY RANGE.
IM=4 WHEN THE TOTAL OF 10 SUCCESSIVE ABSOLUTE CHANGES IN DM IS LESS
THAN ,002

OOOONCOOD OO0

START WITH ESTIMATIONS
DO | J=1sl1"
1 PLUI=POI(JY)
IF(IOUT . LT 41G0 TO 100
WRITE(IW1600)
1600 FORMAT('1'v//77/7° wITH ESTIMATED VALUES OF PARAMETERS?Y)
DM=2,52AL0G10(P(2)/P(4))
SEPaP(3)=P (1)
WRITE(IWs 1433 )DMSEP
C
C ITERATIVE LoOP
C .
100 CALL FRANZ(XsFO,FLlsPsDeNsMW)
C CALCULATION OF VAR = CHI~SQUARED/DEGREES OF FREEDONM
VAR=0,
D0 101l I=KKA'KKK
10] VAR=VAR*(FD(I)=y{1))ees2ewi{]) "
VAR=YV AR/ XNM
IF(IOUT.GE, 4)wRITE(Iw.l431)vAR
1431 FORMAT(®* VARS'+F9,4//7)
C BEGIN IMHMEDIATELY ywITH THE FXRST ITERATION
, IF(L,EQ.O0) GOTO 104
¢ TEST IF CHI=SQUARED INCREASES
IF(VAR,GT.VARS) GOTO 200
C IF THE SuM OF MAx. AND MIN. EIGENVALUE IS WITHIN MACHINE pRECISION
C EQUAL TO THE MAX.EIGENVALUE, THE NORMAL EQUATIONS ARE JL{L CONDITIONED
IF(EIMLEQeE(L)) 1I=11+1l :
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IF(LA) GOTO Q@2
C LINEARITY RANGE REDUCED. DO NOT sTOP
IN=IN+] :
ID=1D+1
IF(VARS=VAR=O, 006)1101 105+}105
1101 IR=IR+]
IF(IR-2)105,300,300
102 DO 10001 yc=1,9
10001 DMDIUC)I=DMD(UC*+])
DMD{(10)=ABS(DM=DNO)
OMDS=0,0
DO 10002 yc=1.+10
10002 OoMDS=DMDS+DHDI(JC)
IF(DHDS=-0.002)10004,10004,10009
10004 LB=+TRUE.
10009 IF(LD) GOTO 103
¢ ALTERATION GREATER THAN LINEARITY RANGE., DO NOT STOp
ID=1D+|
GO TO 1102
¢ NO TERMINATION BEFORE 3 ITERATIONS ARE EXECUTED
103 IFfL.LE.2) GOTO 105
¢ TEST IF ALTERATION IS SMALL ENOygH
IFLIOUT GE,4)WRITE(IW,300}))STP
3001 FORMAT(' STP = 'wF10,4/7)
1102 1F(VAR*0.0015=-VARS) 1103+
IS=1S5+1 ,
IFI1S.GT.,2) GO TO 300
1183 1IF(LD) GO TO 1104
GO TO 105 ,
1104 IF(STp~STOP) 300+300+105 .
¢ STORE INITIAL cHI~SQUARED FOR pRINT OuT AT THE END
104 VARI=VAR
C RESET REDyUcTION FACTOR (IA) AND FLAGS INDICATING REDUCED LINEARITY
C RANGE (LA) OR ALTERATION GREATER THAN LINEARITY RANGE (LD)
105 IF(LB) 6O TO 300
A= ,
LA=,TRUE,
LD=.TRUE.
L=L+1
C SAVE CHI-SQUARED/DEGREES OF FREEDOH FOR LATER COMPARISON
VARS=VAR+0,00]
¢ TEST IF THE NUHBER OF ITERATIONS IS T0O0 Blg
IF(L,GTLIT) GOTO 520
C SET=up NURMAL EQUATIONS, THE MATRIX OF COEFFICIENTS IS STORED
C TEMPORARILY IN COyes THE COLUMN MATRIX OF CONSTANTS IN
DO 107 JUs1+M .
DD(J)=BeD ()
TENP=0,
DO 106 I=KKAIKKK
F1EIrg)=DD(JUleF1(1ley)
106 TEMPETEMP*F Il »ydle(FO{(l)ey{I))oy(])
107 QEU)=TEMP
DO 109 u=1M
DO 109 k®=1lsy
TEMP=0,
DO 108 I®KKA'KKK
108 TEMPETEMP+F1( 1. J)-Fltx "KIeW(l)
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COVIK,J)=TEHP
SUBROUTINE JUACORD COMPUTES FOR A GIVEN QUADRATIC MATRIX COV WITH

DIMENSIONS M THE EIGEMVECTORS (STORED AS COLUMNS IN U) AND THE EIGEN~-
VALUES E (STORED AT THE ExIT OF JACORD IN THE MAIN DIAGONAL OF cOvy)

CALL JACORD({M,COV.U)

CALCULATION OF ALTERATIONS z IN THE pRINCIpPAL AXIS SYSTEp

110

DO 112 JU=1l.M

2tJ)=0,

DO 110 kK=l M
24J)I=22(gt*uU(Keg) o iK)
E(J)I=COVIJsJ) .
IFLABS(Z{U))LLTLE(Y)) GOTO 111

REDUCE z IF THE LINEARITY RANGE 1S ExCEEDED

111
liz

STp
AND
113

Z(JI=SIGN(1,902(J))

LD=OFALSEO

GOTO 112

Z{JI=2(JI/E(J)

CONTINUE

EIM=E(L)+E(M)

IS THE SQUARE SyMm OF pPARAMETER ALTERATIONS DIyIDED By THEIR ERRORS
IS USED IN THE STOop CRITERION

STpP=0,

CALCULATION OF ALTERATIONS OF pARAMETERS @ AND DIAGONAL ELEMENTS OF

THE

114

COVARITANCE MATRIX CoOV

DO 115 U=l M

R(JI=0,

TEMP=0§

DO 114 g=lN
TEMP=TEMP*U(JK)ee2/E(K)
QlJUI=Qlyl*uluKIez(K)
IF(LD) STP=STp+Q(Jle®2/TEMP
QlJI=QlyleDDIy)

CALCULATE NEW pARAMETERS

115

1430

1432

120
121
1433

P(JI=P(JI=Q(J)

TEMP=TEMPe®]Ave2

COV{(UWJIBTEMP®DD () ee2

SEP=P(3)-pP(1)

IF(LAIDNO=DM

IF(P(2) . LE,0)P(2)=],

IFIP{4) LE,O)P(4)=],

DM=2,5¢ALOGLIO(P(2)/P(4))

IF(IOUT.LT,.4)G0 TO 100

WRITE(IWs1430)L

FORMATI(' L =',13)

IF(I0UT.LT,5)G0 TO 121 o
WRITE(IW1432) _ ‘ o
FORMAT (" JU'IT15,'QU) ") ‘

DO 120 yJdel M .
WRITE(IW1406)0gsQ(Jd)

WRITE(IW*1433)DM+SEP

FORMAT(* MAG DIFF=*yFB8,4+5%X+*SEP=*+F10,5)
GOTO 100

REDUCTION OF LINEARITY RANGES BECAUSE OF INCREASE OF THE cHI=SQUARED

RESET P(y) TO THE VALUES BEFORE THE LAST ITERATION

200

D0 201 yJ=sleM
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PIJIZP(J)+Q(J) !

€C D IS HALVEDY AND Z IS DOUBLED AND TESTED AGAIN
2(JdI=Z(J)e2,
IFCABS(2(J)),GTels) Z(J1=SIGNILsrz(g))

201 oD(J)I=DDI(y)*0G,5

LA= ,FALSE.,
[A=TAe2

C SAVE MAX, REoucTION FACTOR FOR PRINTOUT
[AMAX=MAXO(TAMAXIA)

¢ TEST IF LINEARITy RANGE !s HALYED MORE THAN 13 TIMES
IF(1A,GT,10000) GOTO 530
GOTO 113

no

CALCULATION OF THE COVARIANCE MATRIX

(2]

300 IF(IS,GT,2)IM=n2
IFCIRWGT 1) IMa3
IFtLB)IM=Y
DO 301 yg=ml.M ‘
301 covigegl=coyiyej )eyAR
IFigoy.LTel) GOTO 4Q0
DO 303 y=1M
Jizd=1l
DO 303 k=1l.yl!
TEMP=O,
DO 302 I=1.M
302 TEMP=TEMP*U(JsI)eUlgsI)/E(T])
303 COVIKegI=TEMPOD( ) eDI(K)/XMOVAR

C OUTPUT SECTION

400 OK=.TRUE,

IF{IOUT.LT.2.AND. Kov LT«2) RETURN
wRITE(XWOIOOO)IRuN ICOL ISCAN.ITOTSCoKKA'KKK
WRITE(IwWs1400) L

401 IF(I1.GT.0) WRITE(Iwe1401) 11
IF{ID«GT,0) WRITE(IWw+1%02) 1D
IF(IN.GTV0) WRITE(Iwel1403) INJsIAMAX
WRITE(IW1404) VAR] VAR
IF(IOYT,.LT,2) GOTO 410
WRITE(Iws1405)

IFlok) GOTO 405
DO 404 gsiM

404 WRITE(IW1406) J4sPO(J)P(y)
WRITE(I0+2000)IRUN+ICOLDMI'SEPsL VAR
WRITE(Ip+2000)IRUNYICOL DM ISEPILIYAR :

2000 FORMATI(® o490 %=? J3eFBe4sFB,3013sF7,29v* ABNORMAL TERMINATION?')
' GOTO 420

405 DO 406 uU=1l+M
AE=SQRTI(COV(Jsy))

RE=AE/ZABS(P(J))e®]10Q,

406 WRITE(IW1406) JgPO(Y)P(Y)yAERE
PERA=100.0'SQRT(COV(2.2))/ABS(P(Z))
PERB=]100,0SQRT(COV(4,4))/ABS{P(4))

WRITE(IW1407)DNSEP :

1407 FORHAT('OﬂAGNlTUDE DIFFERENCE B'OFB.Q/' SEPARATION = ,F7,2)
AV=0,0 : :
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DO 407 [J=1,120
40y AV=AVLFO(1J)
' AVa(AV/120,0=P(51)/1TOTSC
RMAG=2,5*AL0G10(AY)
WRITE(Iw»1408)RMAG
1408 FORMAT(* RELATIVE MAGNITUDE B'vaoZ)
430 1F(KOvV.LT.2) GOTO 420
WRITE(IW»1410)
DO 412 I=1lsMré
I11=MINQ(I+5,M)
WRITE(IW 1412) (KoekmIvI1l)
00 411 y=I+M
JI=MING(T1+4)
411 WRITE(IW21411) e (COVIKo J)0K=Iodl)
412 CONTINUE
420 IF(IOUTGE,3)WRITE(IWs1420)
DO 421 I=}N \
ERR=Y(I)=FOC(I)
RE=ERR#SQRT(W(I))
~ F1(I+1)=ERR
42]1 F1(1+2)=RE
IF(IOUTLLT,3)G0 TO 423
DO 422 I=]+N
REX=BLANK
IF(ABS(F1(142)),GT,2.3265) REX=STAR
wRITE(Xu-lQZI)on(l)-Y(I)oFO(I)oFl(I 1) eFl(1+2)REY
IF(ILEQeKKAIGO TO 424
. IF(I,EQ+KKK)GO TO 425
422 CONTINUE
423 BKGRl=P(5)/P(2)
BKGR2=p(5)/p(4)
IF(OK) WRITE(10,2001)1RUNIICOLIDMISEp L syARVPERASPERD 1BKGRI1BKGR2s
epP (S) 1P{7)+ISCANIRIMAGeIM
1IF(0K) WRITE(XP-ZOOl)lRUN.ICOLvDM-SEP LeVAR'PERA'PERB'BKGR11BKxGR2),
*P (6P (7) s ISCANJRMAG
2001 FORMAT(? 'ol“o'-'.13 FB8.49,F8, 3-13.F7 202F5 202F6 3¢2fF6, 2-I2»F5 2]
®y)
431 RETURN
424 WRITE(IV«1440)
GO TO 422 - )
425 WRITE(IWs{441) : s
GO TO 422 '
1440 FORMAT(*+* 3, T75,2FIRST CHANNEL USED?')
1441 FORMAT('*"T750'LAST CHANNEL USED')

c ABNORMAL TERMINATION
C :

S00 IF(IOUT.LT,l) GOTO 431
WRITE(IW+1000) IRUNsICOL Y ISCANIITOTSCIKKA KKK
WRITE(IWe1500)

GOTO 431
510 IF{I0UT.LT,1) GOTO 431
RXTE(IW'lOUU)IRUNOICOL.ISCANlITOTSCOKKAoKKK
WRITE(xw-xsxo)
GOTO 431

§20 IF(IOUT,LT,1) GOTO 43}

WRITE(IWe1000)IRUNS»ICOLsISCANIITOTSCIKKA KKK
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WRITE(IW+1520) IT
GOTO 401
C COMPUTE THE FUNCTION wITH THE PARAMETERS BEFORE THE NON=EXECUTABLE
C ITERATION
S30 CALL FRANZ(X*FO.F1lePDINoMoY)
VAR=VARS
IN=IN+] ,
IF(IOUTWLT,1) GOTO 431
WRITE(Iw»1000)IRUN+ICOLIISCANIITOTSCIKKA KKK
WRITE(Iwe1530) L
GOTO 401 , ‘

1000 FORMAT(*1%///%v RUNY 14+ 9=0,13,5X+*SCANS/INTEGRATION =¢+12,5X+*TOTA
® SCANS =',15//7* CHANNELS USED=*I14,»* TO'I4)

1400 FORMAT(22H NUMBER OF ITERATIONS:»I5/)

1401 FORMAT(3H IN+I14,53H4 ITERATIONS THE NORMAL EQUATIONS yERE ILL CONDI
ITIONED/)

1402 FORMAT(3H IN+14,63H ITERATIONS THE CALCULATED ALTERATION OF PARAME
I1TERS wWAS GREATER/35H THAN THE ESTIMATED LINEARITY RANGEZ)

1403 FORMAT(3H IN+14,634 ITERATIONS THE LIHEARITY RANGE wAS REDyUCED BEC
1AUSE OF lNcREASE/QIH OF THE CHI=-SQUARED (MAXREDUCTION FACTOR, 16,
21H) /)

1404 FORMAT(58H CHI=-SQUARED/DEGREES OF FREEDOM wiITH ESTIMATED pARAMETER.
1SIoF L1l 49 {e/32X123HWITH FITTED PARAMETERS:13XFll,4/)

1405 FORMAT(6HO NRe»11x»FHPARAMETER 235 +SHERROR/ 10+ FHESTIMATED 7
L6HFITTED*8X +8HABSOLUTE»9X+8HRELATIVE/)

1406 FORMAT(3X+12+3E15.5,F12.%44H 0/0)

1410 FORHAT(////42H0c0vARIANCE'MATRIX OF ERRORS OF PARAMETERS)

1911 FORMAT(1IX+1391x016E11,3)

1412 FORMAT(//6111)

1920 FORMAT(®1///7/77% * T2+ 'CHAN" 1 T124*ABSCISSA' v T23+"MEASURED?+T34,7¢C
®ALCULATED' +T46+ *DIFFERENCE* 1 TS99 *NORMALISED'/* *oT4s 0" sTl4avx (1)
®aT260 Y (11" T374'FOCI)sT46, 'y (L) =FO({I)*+TST+*DIFFERENCE"/)

1421 FORMAT(IX 1 I4%e4F12414F12,241x0A1)

1500 FORMAT(67H THE NUMBER oF DATA HAS TO BE GREATER THAN THE NyMgER OF
1 PARAMETERS)

1510 FORMAT(32H MAyx,NUMBER OF PARAMETERS IS 12./43H CHANgE THE DIMENSIO
IN SPECIFICATIONS IN FIT)

1520 FORMAT(16H NO RESULT AFTER+IS+11H ITERATIONS/) :

1530 FORMAT(67H NO RESULT, CHI=SQUARED STILL INCREASES AFTER HALFING TH
lE LINEARITY/28H RANGE 13 TIHES IN ITERATION«1S/)

END
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+JACORD/ORIG

OO0 O0ON NN

nn

SUBROUTINE JACORD(Ms+A,U)

COMPUTATION OF pRINCIPAL VALUES OF A MATRIX A OF ORDER M gY THE
CYCLIC JACOBI METHOD
INPUT: SUPER-DIAGONAL ELEMENTS OF A A IS DESTROYED
OUTPUT; EIGENVALUES AS DIAGONAL ELEMENTS OF A
EIGENVECTORS AS COLUMNS OF U

DIMENSION A(MsM) s U(MIM)
XM=M
INITIALIZE U AS UNIT MATRIX
D0 2 J=1lM
DO | K=1M
1 utyki=0,
2 U(J 'J)'_'lo
IF(M.LEs1) RETURN
DO 201 L=1.,50
§s Is THE SQUARE sSum OF OFF=DIAGONAL ELEMENTS AND ySEp IN THE BREAk=~
OFF CRITERION FOR RETURN
ssS=0, i
DO 3 Ul=2,M
JeJdl=1
DO 3 K=JlM
3 SS=SS+A(JriK)we2
IN THE FIRST 3 PASSES ONLY ELEMENTS 'GREATER THAN THRESHOLD TRESH ARE
TREATED
TRESH=0, . ’
IF(LJLEse3) TRESH=D,2*SQRT(2,#SS)/XM
DO 200 Jl=2.M
J=Jdl=1
J2uaJd=]
DO 200 K=Jl«M
"KlmK+]
K2=K=1 ‘ .
TEST 1F THE CONSIDERED ELEMENT IS zERO OR SMALL
TFCACO I +ALUIK) dEQeAlUIJ) (ANDAIKKI*A(JIK) eEQeA(K oK) OR,
IA(UsK)®®2,EQ,0,) GOTO 5
IF(ABS(ACl k) ) ,LE.TRESH) GOTO 200
THETA = COTANGENT OF TwICE THE ROTATION ANGLE
C AND S = COSINE AND SINE OF ROTATION ANGLE
THETA=Q,5¢ (A(KKI=ALIWJII/ZALUIK)
IF(0,]/THETA/THETAL,EQ.04) GOTO 4
NORMAL CASE
Te]l«/(ABS(THETA)+SQRT(1++THETA®e2))
IF(THETACLE.«O,.) TewT
C3l+/SQRT(}++Tee2)
S=TsC
GOTO 100
SMALL ROTATION ANGLE
4 S=0.5/THETA
c=1.
GOTO 100 .
THE CONSIDERED ELEMENT 1S ALREADY ZERO
S A(JiK)=0, _
IF(ACrJ) eGELALKK)) GOTO 200
INTERCHANGE U AND Kk SO THAT Alyesyg) 1S GREATER THAN Algex)
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C=0,
Sll.

C
C EXECUTION OF JACOBI ROTATION

(«

100

o
0o
N -

103
104

105
106

107

200

HECeCoA(JrJ)=2,0C*SoAlUIK)I+SeS*A(KK)
G=SeSeA(Yrg) +2,0CeSeA( K )+CRCOA(K 1K)
AlJeK)I3CO®SelAlyey)= A(Kox))+A(JoK)0(coc-s-s)
AlJdeJd) =H

A{K+K) =G

IF(U2,LT.1) GOTo 102

DO 101 I=1.92
HeCeA(l+1J)=Sepa({ 1K)
AlTskISSeA(TevgleCoAaA(]l k)
All,J)=H

IF{k2.LToyl) GgOTO 104

DO 103 TI=yl.k2
H=Co®AlgrT)=Sea{lrk) ,
AlTokI=S®A(grI)eCopA(l k)
AlJgsr»1)=H

IF{M.LTeKl) GOTO 106

DO 105 [=K1+M
H=C®A(JrI)=SoA(go])
A(K-II’S‘A(J'I)*C'A.(K|I’
AlJsr»])=H

DO 107 I=1sM
HaCeU( 11 J)=Seyul( 1K)
UlTek)asSeULTvg)+Ceutll k)
Ullsd)=H.

AlJesK)I=0,

CONTINUE

TEST IF ALL OFF-DIAGONAL ELEMENTS ARE ZERO

201

IF{SS.EQe0,) RETURN

CONTINUE
RETURN

END
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<

{0

15

17
184

21

22
23
25

26

27
28

30
40

90
21
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SUBROUTINE FRANZ(XspOaflePsDiNIMoW)

C PARAMETER NUMBERS: |=CMAXA §{ 2=HTA | 3=CMAXB
S ' 7<HPWR § 8cFPAL § 9aFPAR

4=HTB
102FPBL

DINENSION X(N)'P(H)oD(M)'FO(N)'FX(N MYsW{N)

DO 40 I=1N
FO(I) =P ({5)
FI(I«S)=le0
DO 10 J=6sM
Fl1¢legi=O,

DO 30 Jml2

Kr2%jw]

L=K+1]

IF{X{I)=PiK))]15,15¢17

KC=0

GO TO 19

KC=1]

Z=ABSIX{1)=P(K))

H=Z/P{6+KC)

IF(H.LT«0)GO TO 90

E=2/P {10+KC)

Su=].0+E

QSP(8+KC) eS

Fz=Heeq

G=P(L)/((l O*F)Q'Z)

R=GeFep(B+¢C)

IFIH)90,2]1922

T==1000.0

GO0 TO 23

T=ALOG(H)
IF(X(1)=P(K))25,264+27

Flt]s K)--RO(T/P(IO‘KC)+S/(P(6+KC)¢H))

GO TO 28

F1(l»Kk)=0,

GO TO 28
1(1oK)°R-(T/P(104KC)*S/(P(6+KC)0H))

Fl{Is)=1.0/(1,0+F)

F1(126+KC)I=F1(1,46+KC)I*ReS/P(6+KC)

F1{1+8+KCI=Fl(14+8+KC)~GoFeSeT

F1{I+]10+KC)I=F1{]+]10+*KCI+ReTeE/P{10Q+KC)

FOUIN=FO(I)+P(L)/(],0+F)

will=1,0/F0(1l)

D(l1)=20.

D(2)=0,1%AMAXL(P(2) P (4))

D(3)=20.

D(4)=0,1°AMAXI(P(2)P(4))

D(5)=0,4*P(5)

D(&)e0,4*P (6)

D(7)=0,4*p(7)

D(8)=0D,4ep(8)

DIF)=0.4*P(9)

D(10)=0.4%ep(10)

D(l1l)=sQ.J4epill}

RETURUN

WRITE(5,91)

.
*

FORMAT(* ERROR IN FRANZ SUBROUTINE=H IS NEGATIVE")

RETURMN
END

5apkKG
| i=nFPBR

6uHPWL
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.GRAPH
SUBROUTINE GRAPH(XeY*Z'NOPIMOPsKNIKBIKKAYKKK * IRUNsICOL*ISCANIITOTS
eC)
c
C Y AND 7Z ARE THE Y COORDS TO BE PLOTTED
C IF NOP,EQ.0 ONLY Y IS PLOTTED
C IF NOP.EQe2 Y AND Z ARE PLOTTED SIMULTANEOUSLY USING DIFFERENT SYMBOLS
C : ' ’
¢ IF MOP+NE,O THE CHANNELS FROM CHANNEL KNeKB TO KN+KB ARE PLOTTED.
C IN ADDITION'SEPARATELY ON A LARGER SCALE
C
C IF NOP.ER+2 THE CHANNELS KKA'KKK ARE MARKED WITH A $ NEXT YO THE
C CHANNEL MUMBER AND A MESSAGE
C
¢ IRUNVICOL+ISCANYITOTSC ARE THE RUN NUMBER'COLOUR CODE.
C SCANS/INTEGRATION AND TOTAL SCANS RESPECTIVELY
C .
DIMENSION x(120)sY(1203+2¢(120)+LINE(IOI)
C ' .
C ASSIGN PRINTER UNIT NUMBER
c .
Iv=5
WRITE(IWs22)IRUNICOLsISCANIITOTSC
22 FORMAT(t1*e//7//7% RUNT IGet=o,]340 SCANS/INTEGRATIQON=?, 5.0
eTOTAL SCANS=*,15)
DO 25 I=1,101
25 LINE(I)=1H
NFC=1
NSC=2
NLC=120 ) /
10 IF(NOP,EQ.0)GO TO 30
IF(NOP,EQ+2)GO TO 130
WRITE(IWe23)
23 FORMAT(*ONOP NOY EQUAL TO | OR 2')
"RETURN .
c .
C GRAPH OF Y ONLY
C

30 WRITE(Iw.1000)
1000 FORMAT{(*0 N X{N)} Y{N}?)
YMAX=Y (NFC)
DO 70 N=NSCNLC
70 YMAX=AMAXLIYMAX,Y(N))
DO 90 N=NFC,NLC |
IY=INT(100,0*Y{N)/YMAX+*0,5)+]
LINE(IY)=]He .
WRITECIN o100 INX(N)YeY{N)W+LINE
1001 FORMAT(' 9413, 1XeFS¢lsF9,101X0101A1})
LINE(IY)slH ;
90 CONTINUE

GO TO 200
C
C GRAPH OF ¥ AND Z
c .

130 WRITE(IW»1002)
1002 FORMAT(*0 N X (N) CY (N Z2(N)?)

YMAX=Y(NFC)
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DO 170 N=NSC,HNLC
170 YMAX=AMAX]1{YMAX, Y(N))
ZMAX=Z (NFC)
DO 172 N=NSCNLC
172 ZMAX2AMAXI(ZMAX,Z(N))
GHMAX=AMAX I {YMAXsZHAX)
DO 190 N=NFCsHNLC
IY=INT(100, OOY(N)/GMAx*O S5)+]
z=INT(100 OezZ{(N)/GMAX*0Q,5)+]}
IF(Ivy.EQelz)G0O TO 173
LINECIY)I=][He
LINE(IZ)®m]H+
GO TO 174
173 LINE(IY)=1HS
174 WRITECIWOLI003IN XIN)eYIN)sZIN)LINE
1003 FORMAT(Y "4I34lxeFS41s2FQ4lvixe101AL)
LINE(IY)=]H
LINE(IZ)=1H ,
IF(KKA=N)18B8+]187,188
187 WRITE(Iwel1004)
1004 FORMAT('+':3x+'35*,T804'FIRST CHANNEL uSED')
188 IFi{kkk=N)190+189+190
189 wRITE(Iw+1006)
1006 FORMAT('*'-sxo'S'oTBOo'LAST CHANNEL ySED?')
190 CONTINUE
200 IF{MOP.EQ.01GO TO 400

C .
C RETURN IF MOP+EQ.0 OTHERWISE RESET NFC*NSCINLC AND GO TO 30
'C FOR pRINTING OF RELEVANT SECTION OF GRAPH
C )
MOP=0
NFC=KN=xB
NSCe=NFC+1
NLC=KN+KB
[0UT=2eKB+]
WRITE(IW»22) IRUNsICOL s ISCANSITOTSC
: WRITE(IW+100S)1l0UT . ' ‘
1005 FORMAT(* GRAPH OF *+12v? CHANNELS CENTRED ON pOSITION OF SECONDARY
® AT LARGER SCALE") -
GO TO 10
400 RETURN
END



+GREER

C

229,

SUBROUTINE GREER(A+B+KKA'KKKsIRUN+ICOLsISCANIITOTSC,

DIMENSION A(120)+8(120)+LINER(108) 1SCAR(12)

DATA SCAR/5,0410,0¢25,0¢50,00754,0+100,0+25040+1500,0+750+0+1000,0+2
¢500.0,5000,0/

C ASSIGN PRINTER UNIT NUMBER

C

JW=5
WRITE(IwW*22)IRUNIICOLVISCAN»ITOTSC
22 FORMAT('1*4//7% RUN® v I4¢0m?,1300 SCANS/INTEGRATION®=' +154°
¢TOTAL SCANS=',15) .
WRITE(IWs21)
2} FORMAT(' ERROR GRAPHS*//)
DO 30 I=1.,100
30 LINER(I)=1H
SCALE=A{1)
D0 32 N=2,]120
32 SCALE=AMAX1(SCALE'ABS(AIN)))
SCALE=SCALE/25,0 . ,
1=0 . ' N
34 I=l+]
IF(SCAR(I)=SCALE) 34
SCALE=SCAR([)
ISC=IFIX(SCALE)
WRITE(Iw23)1SC
23 FORMAT(? N DIFFE=~ NORM' 122+ *DIFFERENCE = y{l)=FO(])?+29x+ *NORM
¢ALISED DIFFERENCE'/Y "RENCE DIFF*v21ye*SCALES? v 149 COUNTS pE
®R COLUMN® 1 17x+s*SCALE: 0+sS NORMALISED ERRORS PER COLUMN'/T37+'MINys
@, T60,'pLUS v TBI+*MINUS* v TI09s*pLUS®)
DO 50 H=1,120 |
COR=SIGN(O,5+A(N))
IA=SINT(A(N)/SCALE+COR)+26
LINER(IA)=|He
IB=INT(B(N)/0.5+COR)+76
IFCIB.LT,30)IB=30
LINER(IB)=]He ‘
WRITE(IW 24)NJA(NY+BIN)+LINER
2% FORMAT(' *413,F8,1+F5.1+T2641004A1)
WRITE(IW25)

" 25 FORMAT( '+ v TS1a 10 T77+%AA*,T10Ls%1")

IF(M,EQ«KKA)IGO TO 38
IFIN,EQKKK)GO TO 39
GO TO 40

38 WRITE(IW+26)

26 FORMAT("+*,T20+*FIRST?)
GO TO 40

39 WRITE(IW»27)

27 FORMAT('+*,T20s* L AST?*)

40 LINER(IA)=|H
LINER(IB)=]H

50 CONTINUE
RETURN
END
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