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ABSTRACT

Spectroscopic observations of some of the brighter W Ursae
Majoris type contact binaries in the northern hemisphere have been
obtained at a medium dispersion of .20-30A/mm. A computer program
has been developed to process and analyse these spectra using
modern digital reduction techniques in order to obtain more accurate
spectroscopic data for such systems.

Radial velocity measurements have provided spectroscopic mass
ratios which hawe been compared with the values derived from light
curve synthesis. The improved mass ratios have removed the discrepancy
which existed between the spectroscopic and photometric values in most
of the systems observed.

The application of spectrum deconvolution techniques has revealed
an asymmetry in the structure of two W subclass systems shown by the
variation in the strength of the primary components' spectral lines.
Measurement., of the relative line strengths of the two components has
provided further evidence for the presence of extensive magnetic starspots

on the surface of the primary component of these systems.
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CHAPTER 1

INTRODUCTION

1.1 OUTLINE

The W Ursae Majoris systems have long been of special
interest, since they not only have the highest space density
of any type of binary system (Shapley 1948), but they form a
significant proportion of all late type stars in the solar
neighbourhood (van”t Veer 1975). An understanding of the
structure and evolution of these systems is therefore of

ma jor importance in binary star theory.

These systems are eclipsing variables whose 1light
curves have maxima which are strongly curved, and minima
which are nearly equal in depth, while the spectrum usually
contains lines from both components. Such systems are now
recognised to be palrs of maln-séquence oFf near
main-gequence  atars of late spectral type which have
overflowed their respective Roche lobes so that they are in

physical contact. The proximity of the stars causes many

.
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complexities in both the light curve and the spectra, due to
tidal distortion, reflection effect, gravitational
darkening, line blending, rotational broadening and other

interaction effects.

There has been much work carried out over the ﬁast
twenty years on the rectification and analysis of light
curves based on the ellipsoidal and Roche models, and more
recently, on the synthesis of light curves. Together with
the comparative ease of photometry, this has led to a
preponderance of photoelectric data over spectroscopic
observations which are more difficult to obtain and analyse.
With modern equipment, however, more accurate spectroscopic
work is possible so that further information on the physical
properties of these systems caun be determined. This work
was begun, therefore, 1In an attempt to alleviate the
shortage of spectroscople data by embarking on a higher

dispersion survey of as many systems as possible.

1.2 OBSERVED PROPERTIES

These systems lie near the maln-sequence with dpectral
classes in the range F-K, with both components tending to be

of similar type.
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Periods of revolution of the W UMa binaries range from
0.2 to 1.0 days with the majority around 0.3 to 0.5 days
(Kopal 1959, Eggen 1961, 1967). Many of the systems are
subject to either sudden or continuous period changes which
are usually attributable to mass exchange or loss (Rucinski

1973, 1974).

One of the main characteristics of W UMa systems is the
shape of the light curves which are classified as EW. This
means that the maxima are curved indicating extreme
aspherical distortion of the components, and nearly equal
depth minima so that the surface brightness of each star is
similar. The amplitude of the light variations ranges from
several tenths of a magnitude to just over one magnitude
(Kopal 1959, Eggen 1961, 1967). The shape of the observed
light curves contains a great deal of 1information on the
geometry of the system, and an analysis by either
conventional reétification methods or by 1light curve
synthesis allowd Lhe ghape of the stare to be deteéfwined.
Thig suggests that both components f£ill or even overflow
their Roche 1lobes (Binnendijk 1970, Moss and Whelan 1970,
Rucinski 1973, 1974). A major problem with this type of
analysis, however, 1s that the 1light curves are often
asymmetric, and can vary significantly over short timescales
(Binnendijk 1970), even from one cycle to the next as a

result of activity within the system. This may be due to
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gas streaming or possibly magnetic starspots (Mullan 1975,

Binnendijk 1977, Hilditch 1981).

The colour index (B-V) is found to be almost constant
with a slight reddening of less than 0.05 magnitudes at both
minima indicating that the components have approximately the
same mean effective temperature (Eggen 1967). The reddening
is due to a combination of reflection and gravity effects
which result in the averted hemispheres of the stars being

slightly cooler and so redder.

Another important feature of the W UMa systems Is that
they appear to follow a fairly well defined period~colour
relation (Eggen 1961, 1967) with the redder systems having
shorter periods. This result is not unexpected, however,
since the later spectral type stars will have smaller radii
so that in the case of a contact system the separation will
be 1less glving a correspondingly shorter period. The
period-colour relation is one of the most dlmportant
observatlonal results that any theory must be able to

reproduce.

Although the W UMa systems lle near the main~sequence
on the HR diagram, they appear to follow a different

mags—-luminosity relation from that of the normal lower
main-sequence stars. The components of the W UMa systems

are observed to obey the relation (Kopal 1959, Kitamura
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1959, Osaki 1965)"

|03(|:._\ = o . log @i) O LA4 ] 0

Ly My

whereas the empirical relation for m—s stars, derived from
the latest compilation of stellar data (Popper 1980),
requires the value of the slope ¢ to vary between 3.2 and
3.9 along the main-sequence. This result implies that the
primary appears wunderluminous for its mass, while the
secondary 1is overluminous. The structure of the W UMa

systems 1s, therefore, different from that of normal stars.

In general, i1t is quite difficult to obtain good
spectra for these stars, The periods of revolution are
shoft so the exposure times must also be short to obtain
adcquate tlme resolution. Consequently, a large telescope
and fast spectrograph is required In order to study these
stars. The absorption lines are wide and diffuse due to the
high rotational velocities, go Chat accurate measurements
arve difficult, particularly when there is line blending (see
fig.l). An  investigation by Adams and Joy  (1919)
demonstrated that the periods of revolution and rotation for
W Ursae Majoris were equal implying that the cowmponents are

in synchronous rotation.
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The semi-amplitudes of the components” radial velocity
curves enable the minimum masses of the stars, and hence the
mass ratio of the system to be determined, which, when
combined with a photometric determination of the
inclination, allows the masses and absolute dimensions to be
derived. 1In many cases, however, the measured spectroscopic
mass ratlo differs significantly from that derived from the
photometric analysis so that there is some uncertalnty about
the validity of the two methods. The values of the mass
ratio lie in the range 0.08 to 0.90, and combined masses
from 0.8 to 2.8 solar masses (Binnendijk 1970). It is
important to note that equal mass components are not
observed even though selection effects would make them the

most likely to be discovered.

From an inspection of the radialvvelocity curves 1t can
be determined whether the system 18 an A~type or W~type
according to Binnendijk”s (1970) classification. In a
W~type system, the primary minimum 18 due to the more
massive primary occulting the hotter secondary. Conversely,
in an A~type system, the primary minimum is due to the
transit of the coolér gecondary across the primary. Since
this original division, other differences have been noted

(Rucinsks 1974).
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In general, class A syst2ms tend to huave somewhat
earlier spectral types than the W group, and consequently
have slightly highcr masses and luminosities. The orbital
perlods of the W systems are continually changinyg, while in
the A group the period: change sporadically. Variations in
light curves are prominent in all W-type systems but are
moderate, or even absent among the A-type systems. Although
there 1s conslderable overlap, the A group have smaller mass
ratios. The envelopes seem to have a greater degree of
contact in the A-type systems and their light curves conform
much more satisfactorily to the contact modcl. These
properties suggest that the W-type systems are the more
unstable, showing a greater amount of activity which may be

due to a state of marginal contact.

Several peculiarities have been noticed in the spectra
of W UMa systems (Struve 1950), Firstly, when the
absorption lines from both components are visible, a
variation 4n the strengths of the lines 1s dbserved. The
shorter wavelength lines tend to be stronger, irrespective
of which star is approaching. In the spectrum of W Ursae
Majoris itself, Struve remarked that; when the lines are
double, the sum of theilr strengths does not add up to the
strength of the single line at eclipwe, as though there were
som@ radiation £illing 1n the lines at quadrature. Thesge

results should be treated with some caution, however, since
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they were based on eye estimates of spectrograms and a
limited spectrophotometric investigation by Binnend{ jk

(1967) found this not to be generally true.

In several W-type systems, broad and diffuse emission
lines of Ca II have been observed which may be assoclated
with mass flow or circumstellar material. Recent
observations wusing the International Ultraviolet Explorer
(IUE) satellite of two W UMa systems (Dupree et al 1979)
discovered that the UV spectrum contained strong emission
lines of He II, NV, C IV, S1 II and Si IV which do not
appear to vary with phase suggesting that they are formed in
an envelope. When combined with data from other binary
systems, there appears to be a trend that the shorter period
binaries have more intense UV emission. A possible
explanation of this fact is that the emission 1s stimulated
by the interaction of the hot plasma with the stellar
magnetic field, which 1n a shorter period binary would be

more tightly wound and concentrated.

The calculated temperature of the plasma ( '1‘--2x106 K)
would imply that emission would algo occur in the soft X-ray
region, and one W UMa system (VW Cep) has been tentatively
identified as a weak X-ray source (Cruddace et al 1980).
Results are not yet conclusive but a slight variation in

this source was detected which could be caused by the
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existence of a hot spot between the two stars. Satellite
observations such as these using improved detectors will
undoubtedly play a larger role in future work on these

systems.

This has provided a brief summary of the observed
properties of the W UMa systems, and for further information
I would recommend the following review articles and the
references quoted in them (Binnendiijk 1970, Moss and Whelan

1970, Sahade and Wood 1978).

1.3 THEORETICAL MODELS

Kuiper (1941) showed that by a simple argument, based
on the requirements of Roche geometry, that zero age contact
binaries cannot exist unless the components are of equal

mass. Lf both stars fill their c¢ritical lobes then

log (Ri/g,) = a. Yoy (Mi/m,) & =046

However, the observed mass-radlusg relation for stars on the
lower main sequence gives a = 1. The only way to satisfy
both theése requirements is for the masses to be equal but

this 4is absolutely forbidden by obsetrvations. There are

three ways to avoild this problem which has become known as

Kuiper™s paradox.

- 10 =
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Firstly, it may be assumed that the stars are not in
contact since there are systems for which the lines are not
blended at quadrature. However, this is not true for all
systems and the results of light curve analysis do show that
the stars fill or even exceed their Roche lobes (Binnendi jk

1970, Moss and Whelan 1970, Rucinski 1973, 1974).

Secondly, it could be assumed that the stars are
evolved to some degree. The problem here is the large
number of systems, and being similar to the lower
main-sequence which evolve slowly, it would be surprising i1if
so many systems were the product of evolution. It has been
suggested that 1t only requires a little chemical evolution
of at least one component to explain some of the systems
(Hazlehurst 1970, Moss and Whelan 1970), but there are
problems explaining the redder systems and the existence of
two systems believed to be members of galactic c¢lusters (IX
Cne and M67~33) which lie below the cluater turn~off and so
are unevolved. At the present time the problem of the ages
of such contact systems are still to be established. W UMa
stars have been observed 1n both young and old open
elusters, but not iIn any globular clusters. During a
discussion at an IAU symposium (IAU symp. no.73 1977), the

egtimates of the 1lifetimes varted from 5x10’ to sx10? Y8,

- 1] -
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Finally, it may be that the structure of the
atmospheres of the components of W UMa stars are different
from those of normal isolated stars. This i1s i1in fact the
basis of the now generally accepted hypothesis which
requlres that the components are surrounded by a common
convective envelope (CCE) as proposed by Lucy (1968a,
1968b). The W UMa systems have spectral types mainly in the
range F-K where convection becomes important, sb Lucy
suggested a system containing two main-sequence stars in
contact surrounded by a common, convective, optically thick
envelope. The adiabatic constant of the envelope differs
from that which either star would possess 1f it were single
so that the stars have different equilibrium radii, thereby

removing Kuilper”s paradox.

Due to the high efficiency of convective mixing, such

an envelope was assumed to have a single value for the
entropy leading to similar atmospheres for the components,
and in particular, to equal mean surface brightnesses as
obaserved. This departure from the main-sequence
mags~luminosity relation 1s merely due to the Fflow of
convected energy between the components to equalise the
entropy which 1leads to a cooling of the primary and a

heating of the secondary.

- 12



INTRODUCTION Page 1-13

Although this CCE model accounted for the anomalous
mass—luminosity relation (Lucy 1968b, 1973), and yielded
close fits to the 1light curves of the A-type systems
(Mochnacki and Doughty 1972a, 1972b, Lucy 1973, Rucinski
1973), it failed to give even rough agreement with Eggen”s
(1961, 1967) period-colour relation, despite variations of
the models parameters within reasonable limits (Lucy 1968a,
Moss and Whelan 1970, Whelan 1972a, 1972b). Another major
problem of the model was why the cooler W-type systems,
which should have had stronger convection, did not fit the
light curves, while the hotter A-type systems with little or
no convection gave good agreement with the observations.
Despite the problems, the existence of a common envelope
does explain the structure and energy redistribution, and so

forms the basis of the later modified models.

At the present time there are two main rival theoriles
concerning the s8tructure of contact binaries and there is
some controversy as to which is the more realistic. These
have become known as the Discontinuity (DSC) theory and
Thermal Relaxation Oscillation (TRO) theory. Overall, they
do reseiible each other but for two differences in the
agsumed physlcs. What 18 the nwode of energy transport, and
what hapﬁens at the boundary between the stars and the

common envelope ?

- 13 -
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Lf we have two stars of different masses and
temperatures in a contact configuration surrounded by a
common envelope, then according to DSC theory (Shu, Lubow
and Anderson 1976, 1979, Lubow and Shu 1977) fluid flow will
take place in the envelope as a result of the uneven
heating. This will occur along the closed equipotential
surfaces where the gas can move easily because of slight
horizontal differences in pressure. Below the Roche lobes,
however, horizontal redistribution is much more difficult
since access to the other star without doing work against
gravity 1is available only at the 1nner Lagranglan point.
Ingide the lobes, therefore, the stars can be considered
almost decoupled, so that temperature discontinuities may

exist across the lnner critical surface.

The envelope will be at a temperature somewhere beltween
thét of the two components, but cooler gas cannot slt stably
on top of hotter gas so that a convection zone will be
induced above the hotter primary, destroying the
disc¢ontinuity on a dynamical timescale. 1In the casé of the
gecondary with an overlying liotter envelope then the
temperature difference would normally disappear on a thermal
timescale as a result of diffusion, but DSC theory
speculates that the contact discontinuity can be maintained
by the matter flow within the envelope. If this is the

case, then the system is 1in both mechanical and thermal

- Y4 =
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equilibrium and consequently stable. There has been a
degree of controversy about the possible existence of a
contact discontinuity, with detalled theoretical arguments
both for (Shu et al 1979, Lubow and Shu 1979, Shu 1980) and
against (Hazlehurst and Refsdal 1978, Papaloizou and Pringle

1979, Smith et al 1980).

On the other hand, as a result of Rucinski”s (1973,
1974) investigations which suggested that the W-type systems
are not in a state of thermal equilibrium, Lucy (1976)
discarded this condition from his model to produce the TRO
theory. This relaxation of the model specification made 1t
possible to construct systems with a range of spectral
types. Calculations showed that such systems would undergo
thermal relaxation oscillationa about a state of marginal
contact (Lucy 1976, Flannery 1976, Robertson and Eggleton
1977) with a period of about IOﬂ years (Hazlehurst 1976).
The secondary component will be heated by thermal diffusion
from the hotter envelope which results in an expansion of
the star and subsequent mass transfer on to the primary. By
conservation of angular momentum the separation will
inerease until contact 1s broken. When this occursg, the
secondary will detach from its Roche lobe and shrink towards
its naturally smaller ZAMS state for i1solated atars. The
primary, however, will try to expand to its larger ZAMS

radius but since it already fills its Roche lobe this will

e =
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lead to mass transfer back on to the secondary, decreasing
the separation until the stars come back 1into contact.
These oscillations will continue wuntil the stars evolve
slightly, when it is found that the differential expansion
between the components is sufficient to bring the stars into

greater contact and allow thermal equilibrium to be

achlieved.

The W-type systems; which have been shown to be in a
condition of marginal contact with shallow common envelopes
(Lucy 1973, Rucinski 1973), can be identified with the
unevolved model. On the other hand, the A~-type systems are
fully in contact with light curves closely fitted by the CCE
model, and have more stable light curves and periods. The
natural explanation of their stability on the TRO model i=s
that they have achleved thermal equilibrium. For this to be
true, Lucy concluded that they must be evolved and he showed
that to achieve a solution in thermal equilibrium required a
gmall mass ratio but large total mass. His hypothesis that
they are evolved lias been supported by Wilson (1978) when he
demonstrated ‘that the components of these systems 4y have
larger than Z2AMS radiil, while the W systems do mot. These
ideas for the formation of the A=type systems implying that
they have preferentially small mass ratlios, larger total
masses, bluer colours and earlier spectral type are

consistent with the findings of Rucinski (1974).

- 16 =
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A possible problem with this model is the apparent lack
of EB, or semi-detached systems with periods less than 0.4
days. Due to the making and breaking of contact, the system
should alternately exhibit EW and EB 1light curves.
Calculations by Robertson and Eggleton (1977), however,
indicate that the time spent out of contact may be small so
that only a few percent may be expected to show departures
from EW 1light curves. It has Dbeen suggested that even
during the semi-detached phases light curve distortions
would make the system appear to be still in contact
(Rucinski 1978), possibly due to a temperature increase of
the secondary as a result of the accretion of matter
(Robertson and Eggleton 1977). Lucy and Wilson (1979) have
proposed three pogssible candidates as being 1in this
semi~detatched, mass transferring phase which they have

designated as B~type systems.

At the present time, neither DSC nor TRO theory can be
eliminated on purely theoretical grounds so It 18 necessary
to decide on their merits by subjecting their predictions to
obgervational tests. Qualitatively at least, TRO theory
does appear to predict tha proparties of the A and W systems
reasonably well, but since DSC theory has not been developed
to the same degree giving specilfic predictions it cannot yet
be disregarded. A discussion of observational tests of the

twd theories has been presented by Lucy and Wilson (1979).

& 17
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One possible drawback with these wmodels, however, is
that they Dboth assume conservation of mass and angular
momentuw and it has been suggested that this wmay be a
serious omission (Webbink 1976, Nariai 1980, Vilhu and
Rahunen 1980) when dealing with the evolution of W UMa
binary systems. The results which suggest that there are
periodic magnetic phenomena in the photospheres of contact
binaries such as starspots (Mullan 1975, Binnendijk 1977),

and sudden period changes (Bergéat et al 1972), led van't

Veer (1976, 1979) to suggest that solar type prominences or
magnetic flares could lead to the loss of large amounts of
angular momentum in the form of a stellar wind, without
significantly changing the total mass. This loss of
momentum will result in an idncrease 1in the degree of
contact, and a transfer of mass from the secondary to the
primary so that the system evolves to smaller masgs ratlos on
the thermal timescale of the secondary. We can only
speculate what happens when a rather extreme wmasg ratlo has
been reached. It has been suggested that the components
will break contact leading to the formation of a cataclysmic
variable (Kraft 1962, Vilha 1974), or alternatively,
catastrophleally coalésce into a wingle star (Struve 1950,
Webbink 1976, van”t Veer 1979) possibly forming a planetary
system in the process. If this latter hypothesis 18 correct

then the W UMa stars may form part of the normal evolution

w 18 oo
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of many solar type dwarfs.

This has been a broad and rather sketchy summary of the
current theories concerning the structure and evolution of
W UMa type contact binaries. It is cleaq)however, that the
pogition of these stars 18 far from settled, and that a

great deal of both theoretical and observational work

remains to be done.

1.4 AIM OF PROJECT

In the past, it has been very difficult to obtain

accurate spectroscopic data for the W UMa systems since it

was necessary either to use relatively 1low dispersion in

- order to keep exposure times short, or degrade the spectrum

by having insufficient time resolution. Another problem is
that the line broadening and blending effects present in the
spectra of such rapidly rotating contact binaries make
accurate measurement difficult. Consequently, spectroscopic
observations have been rather overshadowed by photometiry of
these syatems, which, combined with the aVailgbility of
modela to synthesise light curves, has made this the wmain

method of investigating the structure of W UMa stars.

‘
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With the introduction of faster spectrographs in recent
years, 1t has become feasible to obtain reasonably high
dispersion spectra whilst retaining sufficient time
resolution. This data may be analysed wusing computer
reductlon techniques to provide more accurate spectroscopic
data and so give another means by which we may study the
properties of contact binaries. It was decided, therefore,
to embark upon a spectroscopic survey of as many of the
brighter W UMa systems as could be studied in the availaﬁle

time.,

The aims of this work may be split into four sections.

1). The development of an easy to use computer package for
the processing and reduction of the spectroscopic data.
With the large amount of data expected and the problems
associated with measurement, 1t was hoped that the use of
digitised reduction methods would both spead up the

procedure and make It Hore obJective.

2). 'The determination of radial velocity curves for as many

systems as possible to derive mass ratlios, and to compare

these results with those obtained from the photometric

analyses. In some cases, significant discrepancles existed

between the values determined from the two methods and it
was hoped that the reason for this could be established.

This could be due to elther the inaccuracies in some of the
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previous spectroscopic data, or possibly difficulries with
the photometric models such as varlable and asymmetric light

curves affecting the results.

3). The determination of empirical velocity broadening
functions (Anderson and Shu 1979), and to sce if this method
of investigating the structure of contact binary systems

could be usefully employed.

4). A re-analysis of the 1light curves of some systems

adopting the spectroscoplc mass ratios obtained in this

investigation.

—




CHAPTER 2

REDUCTION TECHNIQUES

2.1 OUTLINE

This chapter will be devoted to a description of the
reduction procedures required in this work and the computer
programs which were written to implement them. All of the
spectroscopic reductions were carried out wusing the
minicomputers in the Data Processing Laboratory of the
University Observatory. One advantage of a completely
in~house systen reiative to remote processing 18 that the
uger retains complete control over the data and the
operation of the system. In addition, the design of the
system may be altered to suit individual requiremeénts. A
description of the system and the facilities available has
been presented at a recent conference on Astronomical Image

Processing (Davenhall et al 1979).
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The light curve synthesis was carried out using a Vax
11/780 computing system which was installed in the Computing

Laboratory in June 1980 during the course of thls work.

2.1.1 Hardware

The data reduction is based on two minicomputers, a
Data General Nova 820 and a Honeywell H316, although during
the course of this work the Nova was replaced by a
PDP-11/23. The H316 supports a 7 Mbyte disc drive and a
9-track tape drive, while the Nova/PDP has three 2.5 Mbyte
cartridge disc drives. A second tape unit was obtained
along with the new minicomputer. Data may be transferred
between the machines by a serial link through CAMAC. All
the data obtalned was held on disc while being processed and

then transferred to magnetic tape for long term storage.

A Joyce Loebl Mark Ille null-balaticing
microdensitometer was used to scan the spectrographic plates
and record the results in a digital fora. This 1s done

under the contrel of one of the winicomputers, usually the
H316, via a CAMAC interface with the data obtained being

wiltten directly on to disc.

%
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The processing of data was carried out, at first, on
the Nova 820 and later on the PDP~11/23 using Tektronix 4010
interactive graphics terminals. For hard copy graphical
output, a Hewlett Packard Moseley 2D-4 chart recorder was
available although an Anadex DP-9501 printer with graphics

facility has recently been acquired.

2.1.2 Software

The minicomputers used run systems based on fhe FORTH
‘programming language (Moore and Rather 1974). This was
originally obtained under an SRC grant in order to evaluate
its sultability for use in the minicomputers to be installed
at the Northern Hemisphere Observatory (NHO). Although
radically different to conventional languages, FORTH was
found to be extremely flexible and well suited to a

minicomputer environment and is now used exclusively.

FORTH 18 a highly modular language and 1s ideally
suited to interactive procedgsing, and since the machines are
mulii-programmed thls allows several users to  work
slmultaneously. The compiler 1s able to produce executable
code after making only a single pass through the sSource
code, which produces acceptable compilation times, even
given the relatively slow speed of the minicomputers. Input

and output to disc is controlled by a virtual memory systen
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which addresses the disc blocks as though they were in
memory thus facilitating easy access to both programs and

data stored on disc.

2.2 SPECTROSCOPIC IMAGE PROCESSING SYSTEM

As part of this project, 4 computer program was
developed 1in order to reduce and analyse the spectra
obtained. This was thought to be necessary not only to
speed up the procedure, but to enable the use of image
processing techniques to extract the maximum amount of
information from the data. In addition, this type of
analysis eliminates the human subjectivity inherent in
visual measurements of plates, although care was taken not
to automate the procedure entirely as interaction by the

astronomeér is both desirable, and in some cases essential.

Some software for image proceassing and spectroscopic
reduction did exist when thls work was started (Bunclark
1981, Btewart 198l), but not extensive enough nor directly
applicable to my specific needs. It was felt that the best
approach to the problem was to develop a progrnﬁ comprising
many self-contained wodules, w«ach of which was a stage in
the reduction procedure. These could be writtem separately
and extended as required to provide a comprehensive

reduction package. Wherever possible, existing software was
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incorporated with some modifications in order to reduce the
time spent in program development. This aim was achieved
without much difficulty since FORTH 1s not only a flexible
language allowing interaction, but it also lends itself to

structured programming.

In practice, a basic program is loaded which contains
all the elements which are common to all sections of the
package. This includes the graphics routines, floating
point arithmetic, wavelength  calibration algorithm,
definition of variable names and the assignment of data
areas on the disc. The different modules, which are called
by the user, are then overlayed above this enabling the use
of common routines while keeping the slze of the compiled

program in core down to a minimum.

The routines now available are as follows :=
1). Joyce Loebl scanning
2). Wavelength calibration
3). Fourler nolse filtering
4y, Density to Intensity conversion
5). Normalisation to the continuum
6). Spectral line analysis
7). Feature removal
8). Radial velocity measurement

9). Velocity broadening determination

- 26 -
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10). Data analysis

A detailed description of each procedure 1s given in the
subsequent sections. Appendix B describes how to use the
package while a complete program listing is 1included in

Appendix C.

2.2.1 Joyce Loebl Scanning

A computer controlled Joyce Loebl Mark Illc
null-balanciag microdensitometer was wused to scan the
spectrographic plates. This instrument measures the density
on the plate by matching the intensity of a reference beam
to that of a beam of light passing through the plate. The
reference beam is passed through a glass wedge whose density
varies continuously from one end to the other and this is
moved until the dintensity of the transmitted beam matches
that of the measuring beam; As the wedge moves, an encoder
records digitally the position (in the range 0-1023) which
in turn gives the density of the photographic plate at that
point wunder the measuring beam. The maln problem of the
Joyce Loebl compared to some more modern machines is that it

requires a filnlte time for the wedge to travel and then come

to an equilibrium position so that the wmeasuring procedure
is very sdglow. On the other hand, fluctuations in the
intensity of the lamp or 1n the sensitivity of the

photomultiplier do not affect the accuracy of the results

g
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since both beams come from the same

by the same photomultiplier.

The plate carriage is

directions

from a CAMAC module which

Senior Scientific

Observatory, and bullt in the

motors cause leadscrews to

assembly, 15 converted to

carriage. A single step for
standard gearing, corresponds

by 5 microns.

The computer program which

was

Page 2-7
source and are measured
moved in both the X amd Y

by means of stepping mwotors controlled by pulses

designed by Mr D.M.Carr,

Otticer in eluttronics at Lhe University

Observatory Workshop. These

rotate, which via a half-nut

a translation of the plate

either of the motors, with the

to a displacement of the plate

controls the basic Joyce

Loebl operations was written by Mr J.R.Stapleton, Scientific

Officer at the Unilversity Observatory, in conjunction with

Mr.P.S.Bunclark, a previous

necesgary, therefore, to implement

carry
in order to scan the

stellar spectrum.

comparison

regseat'ch student. It was only

additional routines to

out multiple parallel scans, with a specilfied offset,

spectra along with the
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Once the program has been loaded into the computer it
is used by either a set of control buttons on the Joyce
Loebl control panel or by typing instruction commands at a

standard ASR 33 teletype.

An outline of the scanning procedure is as follows:~
First of all, the plate is placed into the carriage holder
which 1s then aligned so that the spectrum is parallel to
the direction of travel. The height of the measuring slit
is set to be slightly smaller than the width of the stellar
spectrum in order that the maximum density 1is measured
without including any clear plate. The slit width is then
set to be equal to the sample interval so that no

information is lost.

Once set up mechanically, control may be transferred
from the terminal to the Joyce Loebl panel buttons. The
carriage may be moved in four directions (up, down, left or
right) at four different sapeeds. These may be used to
centre the spectrum, or in conjunction with the “CROSS™
button, used to measure the current X,Y coordinates of the
plate. The coordinate system usaéd is siiply the nuiber of
stepping motor steps from an 4drbitrary origin. After
positioning the plate, control is returned to the terminal

by pressing the “BOX™ button.
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Scanning parameters such as the number of data points
to be sampled and the distance between them, as well as the
number of scans with a specified offset between each one are
all set wup in response to a suries of questions from the
computer. Once this is completed, scanniuy is commenced by
typing 1in the appropriate command along with the disc area
for storage. The measured density values are stored
sequentially in a disc arvay where they are available for

subsequent processing and analysis.

Three different modes of scanning were developed for
this project. Firstly, a spectrum and both comparison arcs
may be scanned in the order arc = spectrum =  arc.
Alternatively, multiple scang In either the X or Y
directions may be performed 1In order to measure the
calibration steps on photographic plates. The time taken
for a typlcal arc ~ spectrum = arc scaaning sequence of 2560
points per spectrum with a sampling step of 15 microns is

about 15~20 minutes,

Once a scan has started it i1s possible to stop the
procedure by means of the “HOLD™ button on the Joyce Loebl
control panel. This 1is sometimeés necessary in order to
re~adjust the focus, or if there is a system crash in one of
the other wminicomputers which 1is linked via CAMAC, to

prevent fallure of the scan. It 1s possible to restart and
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continue the scan, once the “crisis™ has passed, by means of
a “CLEAR™ button. In the event uf a scan being started and
it is found to be necessary Lo halt the entire process, then
this may be done with an “ABORT™ button returning control

back to the user at the terminal.

The accuracy of the measurements from the Joyce Loebl
has been Investigated by Blackman (1977) and Davenhall
(1981) and will not be described here, other than to say
that 1t was more than adequate for the purposes of this

work.

2.2.2 Wavelength Calibration

It 1s necessary to determine the varlation of

wavelength with position along the length of the sampled

spectrum, in order to convert to a wavelength scale. For

this purpose, a least squares polynomial In terms of the
wavelength was fitted to the measured positlons of the

domparison arc lines (Peterson 1979).This is of the form:=
5 ; 3 .
%= Nsh N0+ 0N +n N n )\ 4+ e

where X = position and ™ = wavelength,

(]
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The polynomial fit was implemented by modifying an
existing program written by Mr.G.C.Stewart which carries out
a least squares solution to find the coefficients of the
polynomial, of up to a specified order, which gives the

smallest rms residuals.

In practice, it order to ensure that the computations
remained within the dynamic arithmetical range of the
computer, it was found necessary to scale the position and

wavelength such that
Xs = X / 1000 and As =("™ =N}/ 1000
where Mo is a predefined offset.

The determination of the wavelength calibration
combines Beveral different processes, the first of which is
the selection of the comparison lines for measurement. It
was considered that the best method of identifying arc lines
reliably was for the astronomer to do this interactively,
calling the line wavelengths from a catalogue held on disc
and using the Tektronix 4010 cursor controls to mark the
position of 4 line in the spectrum. Although, in principle,
this could be achieved automatically, it was felt that the
time ne;easary to develop and program a reliable algorithm
could not be justified in view of the ultimate alm of the

project - the analysis of astronomical data.
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Secondly, the position of each line must be determined
accurately. After some experimentation, the method finally
employed was to fit a least squares parabola around the

centre of the emission line profiles.
If a function of the form
y = axq'+bx + c

is fitted to the emission profile, then the position of the

centre given by
x = -b/2a

In practice, the centre of the arc line profile is found by
differentiating along the spectrum from th? point marked by
the cursor untll a peak 18 detected. Once this point is
found, the coefficlents a,b and ¢ are determined by the
usual least squares technique enabling the central position

of the arc¢ line to be computed.

One assumption that this requires, is that the profile
18 symmetrical and may be fitted by such an analytie
function. It was found though, that provided that the line
was neithar saturated, nor bleéended, that fitting to the

central region of a line gave acceptable results.
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If the plate holder has not been exactly aligned so
that the motion of the carriage deviates slightly from
parallel with respect to the spectrum, then the positions of
the comparison arc lines on either side of the spectrum will
not be the same. 1In order to take account of the effect of
any such misalignment on the wavelength calibration, the
position of a given line is taken to be the mean of the
measured values taken from the lines on either side of the

gpectrum.

The procedure employed in the determination of the
wavelength calibration is as follows. Plots of the two
comparison arc spectra are displayed simultaneously on the
graphics terminal, offset vertically from each other for
clarity. The wavelength of a comparison line is called from
a catalogue and the cursor used to mark its position in both
arc spectra. Once the individual positions have been
calculated, the mean value is entered automatically into the
polynomial £it, and the user can proceed to the next 1line.
Finally, after all the 1lines have been measured, the
computer will determine the coefficients of the best=fitting

polynomial of the form

5 4 3 T N
Xy v= ﬂs-\s t nq—f>\5 + Nz Ns + n-,:)\s f—n.’)‘s 'S
These s8ix coefficients now describe completely the

position-wavelength relation for the spectrum.

& Gk
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2.2.3 Fourier Noise Filtering

The techniques developed in information theory for the
enhancement of digital images are now well known, with such
methods able to restore much of the image quality 1lost due
to the presence of noise. The routine application of
Fourier transform techniques to astronomical data has only
been practical since the development of the Fast Fourier
Transform (FFT) algorithm. A discussion of this and its
applications to data analysis may be found in a paper by
Brault and White (1971). A program for computation of the
FFT, based on the Cooley-Tukey version, had been written by
Mr.P.S.Bunclark and was readily available for this

application.

It has been shown that the highest frequency components
in the power spectrum contain virtually no information since
they are due to the nolse in the data. Obviously,
therefore, in order to restore the image, such high
frequency components must be suppressed, while leaving the
lower frequency components which c¢ontain the signal

unaffected.

Let t(x) be the true spectrum, while n(x) is random
noige. The obgerved degraded signal s(x) will be given by

s(x)=t(x)¥n(x)
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Since Fourier transforms are linear, the ctransfoim of the
the above equation in terms of the frequency variable k is

glven by
S(k)=T(k)+N(k)

Correction for the presence of unoise will take the form of a
filter; that is, the various [frequency components will be

weighted in some way to diminish the effect of the noise.
S(k).F(k)=[T(k)+N(k)].F(k) = T7(k)

where F(k) is the optimum filter such that the error between
the true signal T(k) and the restored signal T7(k) is
minimised. The optimum filter has been shown to be (Gray

1976)
2
F(k) = 1/ [ 1+ { NC(k)/T(k) } |

One problem with the realisation of the filter is that
it dinvolves the true signal T(k) rather than the noise
contaminated signal B(k) which ie ohserved. In practice,
since 1t 1s an optimum filter, small deviations from the
true fillter shape should only result in second order errors.
It 1is adequate, therefore, to usc swooth, simple wmodels for
the power gpactra of both the noilse and the signal to

replace the observed signal.
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A convenient expression for T(k) is the Gaussian
K2
T(k) = A . 10
where A is the amplitude and Ao is a fitting parameter,
chosen such that the filter has a value of 0.5 at the
frequency cutoff in the transform domain where the noilse

begins to dominate the image signal.

Since the noise way be assumed to be random and
uncorrelated with the signal 1t can be represented by a
constant, the value of which 1Is the average value of its

power spectrum.
N(k) = B = Bfk)

The value of B may be determined from the high frequency

components of the image transform where the noise dominates.

Combining these expressions for T(k) and N{k) the

equation for the optimum filter becomes

I T el W

F(k) = 1/ [ 1+ (B/A) 10 ]

where A,B and Ao are the caleulated fitting parameters.
Gray (1976) has shown that this expression forms a

reagonable fllter (see fig.2),
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An existing program, written jointly by Mr.P.S.Bunclark
and Mr.G.C.Stewart, for carrying out noise filtering based
on this method was available for use. This was modified to
conform with the standard layout adopted for each routine in
the reductlon package, and to allow for ease of use. In
addition, since processing of large numbers of similar
spectra was to be carried out, a technique was developed to
filter any given number of spectra which were held

sequentially on the digc.

In order to process many spectra, it 1s necessary to
determine the values of the fitting parameters A,B and K
using some automatic method. The maximum amplitude A of the
Fourier transform around the zero ordinate, and the noise
level B at the highest frequencles are simple to find.
Problems could arise, however, with the value of K. , the
cutoff frequency of the image. Since the Bspectra are
similar, it was decided that a single value could be assumed
for them all, provided that they were all taken using the
same spectrograph, at the same dlspersion and were of
similar spectral type. This value was chosen by examining
the power spectra of several images and a mean value taken.
Any errors introduced by this assumption were found .to be

negligible.
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2.2.4 Density - Intensity Conversion

In order to convert the measured density values to the
intensity of 1light incident wupon the plate, it is first
necessary to define the relationship between them. The
relationship of Baker (1928) and de Vaucouleurs (1968) has
been found not to be linear in some circumstances (Davenhall
1981). Following Smith and Bopp (1980), a polynomial fit

was employed to define the relation as follows.

If T is the incident intensity, and d is the resultant
density .on the plate, the relation between them is assumed

to be of the form
3 0
log(1) = ngD” + n,D° 4+ n, D + ng
where D i8 the Baker density defined as

o

D= log( 10° = 1)

The density d is derived from the machine reading, x, and

the encoder conversion factor, f, using the equation
d = f,(x=xy)

where x, 1is the mean plate background which is assumed to

be constant over the plate,
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A least squares procedure is used to determine the best
fitting polynomial, of wup to order 3, by relating the
measured density values of the associated step wedge to the

corresponding log(I) values.

Once the calibration has been established, it 1is =&
simple matter to use it to convert the measured density at

each point in the spectrum to intensity.

2.2.5 Normalisation To Continuum

The continuum of the observed spectrum will generally
vary with wavelength and so it 1s necessary to rectify the
intensity of the spectrum to the corresponding continuum
value at each point. This is done to enable weasurements of
line profiles and equivalent widths to be directly
comparable with each other or with model predictions. 1In
addition, this removes any low frequency components which
might affect the measurement of radial velocities by

crogscorrelation (see sect. 2.2.8.3)

It 18 first necessary to establish how the continuum
varies with wavelength, Two different methods were
investigated in this work, each of which has advantages and

digsadvantages in its use.
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The first of the two techniques was to use a cubic
polynomial to describe the continuum variations, and an
algorithm for automatically fitting the polynomial was
developed. Au  lterative routine was used where first a
least squares cubic is fitted to the spectrum, followed by a
removal of the data points which lie either more than 1O
below the cubic (i.e. absorption lines), or more than 20~
above the line (i.e. emission lines). With each iteration
the level of the computed line approaches the true
continuunm. The main advantage of this method 1s that many
spectra can bg processed without interaction. On the other
hand, the disadvantages are that this algorithm cannot be as
accurate as human judgement, especially in very complicated
spectra where there are features such as line blanketing

etc.

The second method uses a spline function to deseribe
the continuum variation, fltting to a series of points
defined by the user as lying on the continuum. Polynomials
are the most widely wused functions for approximations
because they have the simplest mathematical properties.
Howaver, it d1s now accepted that in many eircumstances a
spline function is a fniore adaptable fitting function than a
polyuomial with a comparable numbe; of paraméters (Graville

1969).
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A spline function S(x), is delined as a function that
results from pilecing together polynomial arcs of degree k
such that $(x) and its derivatives up to and including the
(k=1)th derivative are continuous everywhere. An algorithm
for computing a cubic spline and subsequent use in fitting a
continuum had been programmed previously (Stewart 1981), and
this was modified for use in the reduction package. This
method for defining the continuum has the advantage that the
astronomer can’ interactively constrain the functlon to
follow the curvature of the continuum very accurately. Such

a procedure 1s, however, very time consuming.

It can be seen that the two methods have very different
characteristics and so the technique employed must be chosen
to suit the requirements of the user. In cases where
spectrophotometry 1is to be carried out, the interactive
spline fit 1s better since an accurate continuum level is
essential. On the other hand, 1f radial velocities are the

only measurement, the automatic routine ig quite adequate.

Once the continuum is defined, by either mothod, the

rectlified spectrum R(3») is given by,

RCA) = 8(A) / C(N)

where S(An) i1s the observed sgpectrum and C(A) 1is the

wi R
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corresponding continuum level at that point in the spectrum.

2.2.6 TFeature Removal

Occasionally, it is necessary to modify the observed
spectrum in order to remove certain unwanted features.
These may be plate scratches, corrupted data points,
emission lines from street lights, etc. , or even stellar

lines in some circumstances.

In order to do this, two simple routines are employed.
The filrst of these simply replaces all the data values
between two specified points in the spectrum by the
continuum level. Alternatively, linear interpolation may be
used to replace data values by a straight line between the

given points.

2.2.7 Spectral Line Analysis

Once the measured spectrum has been converted to
intenaity and normalised, then quantitative measurements of
the absorption lines may be obtained. A computer program
for carrying out this ﬁad been devaloped (Stewart 1981), and
this was subsequently modified in order to make it easier to
use. These modifications iIncorporated the polynomial

wavelength calbration and allowed 1lines to be selected

automatically from a catalogue .
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The scheme employed in this program is based upon an
integration of the area contalned in a given line, using a
Simpson”s rule quadrature formula. Several parameters are
computed, namely, the central depth, equivalent width, the

one quarter, one half and three quarter depth widths.

2.2.8 Radial Velocity Measurement

The measurement of radial velocities 1s very dimportant
in Astronomy, and indeed forms the bulk of the work in this
investigation. Three different techniques were developed

each of which shall now be described in detail.

2.2.8.1 Line Profile Fitting -

The most straightforward approach to the analysis of
digital spectral data 1s to £it individual lines with a
predetermined mathematical function, and then derive the

line position from the empirically determined parameters of

the fit. Since a least squares parabola routine was already
in use (see sect. 2.2.2), it was decided to fit such a

curve to the centre of each steéllay line profile.
If one uses the function

y = aN+DbA+c

then the line centre is given by

s B o
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"Ae = =b/2a

The observed radial velocity can then be computed using the

Doppler formula
v = c. (e = "Ne)/ Ko

where Ao is the rest wavelength of the line, and ¢ .is the

velocity of light.

In practice, a catalogue containing the wavelengths of
the 1lines to be measured 18 held on disc and as each one is
accessed, a plot of the spectrum around each region is
displayed for the user to identify the 1ine using the
graphics terminal cursor. When all the 1lines have been
measured, the mean velocity corrected for the solar motion,

and its error 1s computed.

This approach has two disadvantagest: the first 1s that
the true 1line profile may not be truly represented by a
gimple mathematical function. In fact, in the case of a
contact bilnary system, the spectra will contain asymmetric
line profiles due to line blending. The second problem 1s
that one 1s workling with a limited subset of the data, in
that only a small number of lines are measured, so that sgome

information contained in the entire spectrum is lost.
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2.2.8.2 Simulated Comparator Measurements —

The problem of fitting a mathematical function to a
line profile may be avoided by determining the line centre
by eye. In order to achieve this with accuracy, a routine
was developed which, in effect, simulates the operation of

an oscllloscope comparator measuring machine.

A display of the spectrum around each line is displayed
on the graphics terminal on which is superimposed a reversed
image of the same region. This reversed image may be
shifted with respect to the original until the absorption
(or emission) line in each plot is judged by the astronomer
to be coincident. Once this position is found the computer
then calculates the Doppler shift and hence the radial

velocity.

An advantage of this technique is that greater accuracy
can be achieved, especially where the line profiles are not
pymmetrical, The disadvantages though are that it 18 more
;1me consuming and 1is still 1imited 1in the amount of

available information used.
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2.2.8.3 Cross-correlation -

A published investigation (Simkin 1974) indicated that
the disadvantages 1nherent 1in the conventional methods of

determining Doppler shifts could be avoided by the use of

the cross—correlation technique. This has become widely
used in recent years (e.g. Da Costa et al 1977, Tonry and

Davis 1979), and in particular, the analog form of which has

been very successfully applied in radial velocity

spectrometers (Griffin 1967, Baranne et al 1979).
The usual form of the Doppler formula is

(N=Ne)/ e = v/e

i.e AN =%.v/c

which implies that the change 1in wavelength A is a
function of both velocity and wavelength. However, if we

take logarithms
log ™A =log Ae = log[l+v/c]
1.e. A logA = log[liv/e] = 2

which means that the Doppler shift, =z, 1is a function of

radial velocity alone when represented in terms of log™N™.

= 48 =
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To measure the radial velocity of a star, therefore, we
can measure the amount by which 1ts spectrum is shifted,
plotted as a function of log™A, with respect to that of a
standard star of similar spectral type and known velocity.
This can be done by computing the cross—correlation function
between the observed spectrum, s(x), aud the standard or

template spectrum, t(x) (see fig.3).

Using the independent variable x=log'’\, then the

vrogs~correlation function (c.c.f.) may be defined as
c(z) = a“s(x).t(X°z).dx
where a 1s a scaling or normalisatilon factor.

This function will have a maximum value when the
template - spectrum t(x) has been shifted by the amouant z to

coincide with the observed spectrum s(x).

For observational data, these continuous functions
become N diserete polnts which are sampled at equal

intervals in & x.

Let U0y and U} be the rms errors of the spectra such that
s =Y 8(x)/N and ¢ =7 (x)*/N

The normalised c.c.f. may then be expressed as

e(z) =z g(x).t(x=2z)/[N.G5 OT%)
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It has been stated (Simkin 1974) that the most efficient
method of calculating c¢(z) 1is in the frequency domain by

using FFT techniques.

Let S(k) and T(k) be the discrete Fourier transforms of

the spectra such that

S(k) =9 s(x).exp[-2wikx/N]

T(k) = t(x).exp[-2wikx/N]
Fourier transforming the formula for c(z) gilves
C(k) = S(k).T{k)/[N.0s .04 ]

where % indicates complex conjugation.
It may be shown, therefore, that the inverse transform may

be written as

c(z) =) S(k).T(~k).exp[2mikx/N] / [N.0 .0%]

Although this may appear to be a very complicated
technique, it 1is 1in practice very simple to employ. The
procedure ls to compute the Fourier transforms of both the
observed and standatrd spectra, take the complex conjugdte of
the gtandard, and then form the inverse transform of their

product.
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The use of the FFT does introduce some complications
however. Since the spectral segments become periodle
functions when expressed in terms of a Fourier series, the
computed c.c.f. will coutain an overlap where terms from
the end of one spectrum enter the start of the other. In
reality, the spectra are not periodic, so that this overlap
may distort the c.c.f. and can introduce significant error
into wmeasurement of velocity 1if the shift exceeds 10-20% of
the array length (Simkin 1974). This effect is eliminated
by extending the segments to twice their length with
straight lines, and setting the mean of each data array to

zero (Bendat and Piersol 1971).

It has been found rto be convenlent to keep a catalogue
of TFourler transforms for a number of radial velocity
standards of different spectral type, which have been
previously processed 1in order to reduce the amount of
computation. The standard can then be selected according to
the requirements of spectral type, spectrograph, dispersion

and wavelength range.

Once the c.c.fs has been computed, the position of the
maximum can be found by either differentiating the function
numerically, or by fitting a least asquares parabola to the

peak in the manner described previously (see fig.4).
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In the case of a binary system, where there are lines
from both components in the spectrum, it is clear that as
t(x) is shifted there will be two matches with respect to
the spectrum s(x). Consequently, two peaks will be
contained in the c.c.f., the positlons giving the velocity
of each component while the amplitude of each 1is
proportional t6 the strength of the lines in the spectrum
(see fig.5). Difficulties arise, however, if the lines from
the two components are very heavily blended as this will
result 1In the blending of the c.c.f. peaks. This is, of
course, a similar problem to measuring individual blended
lines by more conventional techniques. Consequently,
accurate measurements are not obtained near eclipse phases
when the lines are blended., In practice, it has been found
that the cross—~correlation me thod can  be applied
successfully for detached or semi~detached systems (Skillen,
Hilditch 1980, private communication) later than spectral
type A, Contact binaries, howuver, which are the subject of
this investigation, pose more of a problem. The systems
with spectral type K or later, have spectra which contain
large numbers of heavily blended lines at all phases which
result in distorted and asymmetrical cross~correlation
functions that cannot be measured with any reasonable degree
of accuracy. In this case, it was necesgary to resort to

the simulated comparator technlque.

- B84 -
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On the other hand, the F and G type systems, which form the
bulk of the data, can be measured successfully provided that
the Balmer lines of Hydrogen and the G band are avoided
since these are always blended and would otherwise affect

the result.

2.2.9 Analysis Of Radial Velocity Curves

If one considers a binary star system, then the

classical expression for the observed radial velocity is:~
V = VgtK[cos(wtv)te.cos(w)]

where the parameters are as follows:~
Vo = systemic velocity

K = semiamplitude

" v =true anomaly

w = longitude of periastron passage

e = eccentricity

Many methods, both analytical and graphical, have been
devised for calculating the elements from the velocity curve

(Petrie 1962). The method 6f Wilson (194l1), however, is

very useful for deriving the mass ratio and the systemic
velocity of a double 1lined spectroscopic binary
independently of the other elements, particularly when data

is sparse.

- 56 =
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If we take the peneral equatious

it

v Vo, + K, .[vos(wtv)+e.cos(w)]

i

v, V, + Ka.[cos(wtv)+e.cos(w)]

Putting r = M, /M, = K,/K,, these reduce to

V, = V,.(14x)/r = Vi/r

Ve = Vo (l4x) = V,.1T

It can be seen that these define a straight line in the
(V, ,V,) plane which may be solved by least squares in order
to determine Vg and r. A normal least squares solution
assumes that all the error i1s in one or other of the
observations. It is normal, therefore, in this case to
solve both equations and take the mean value, even though

this is not strictly correct.

Irwin (1973), however, has modified and extended the

method to form a rigorous wmulti-error least squares

differential correction technique.
It may be shown that
V, =V, = (K,+K,).[cos(wtv)te.cos(w)]

so that in the case when the eccentricity 18 unegligible,

this becomes

™
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V, =V, = (Ky+K2).(-sin @)
where © = 360f(t-to).P are the phases of the observations.

A least squares value for (K,+K,) may be readily found

from this equation, namely

(Ky+K )= [~81in O (V,~V;)]/ T sin" O

The assumption of e=0 1is a realistic one in  many

spectroscopic doubles, particulary contact binaries where

the tidal interaction between the components is

considerable. Support for this assumption is given by the

fact that secondary eclipse occurs at phase 0.5 1in these

systems.
If one uses the relations

K, =(K,+K,)/(1+r)

K,=(K,4+K;).x/(1+r)

and substitutes these into Wilson”™s equations for V| and Vo

we find that

V, = Vu—(K{+K,) .81n6 /(1+r)

Vo = Vob(K,4K,) 810 8 ox/(1+x)

Differentlating these equations and using finite differences

we get the linear equations appropriate for a least squares

differential correction,

.
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spectrum is the integration of the “local spectra™ over the
surface of the stars, each of which is characterised by the
local values of the temperature, surface gravity, and the
Dopplexr shift due to rotational broadening. This approach
to the problem of contact binary structure was first
proposed by Anderson and Shu (1979), when they presented an
atlas of what they have termed rotation broadening

functions.

Conslder the appearance of an element dA on the
photosphere of a system, at a position r as seen by a
distant observer lying 4in the direction o. If  the
photosphere 1s taken to be rotating rigidly with angular
velaclity w, then the local velocity of the element is given

by
vV = w Xxv
L - -~

If one considers a spectral line whose locally emitted width
is zero i.e. a dalta function, then the rotation broadening
function 18 defined to be the normalised sapectral 1line

profile as seen by the observer.

Let the non-relativistic Doppler shift AXAbe denoted
by z; then the rotation broadening function b(z,0) is given

by (Anderson and Shu 1979)

b(z,0)=1/H .JI(r,g).P(g,g).S[z+g.(gxg)/c],ﬂ.dA

RO %
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where I(Eyﬁ) is the intensity of the local flux emerging at
the angle whose cosine is specified by/u , and H 18 the
total intensity. P(r,q) 1s described as a “penetration
function™ equalling zero if the element is not visible, and
unity if seen by the observer, while the intrinsic 1line

profile is represented by the delta function S .

The broadening fuction can be given a simple
geometrical interpretation if one assumes that the
photosphere is rotating as a rigid body. In this case, the
contours of constant radial velocity on the projected image
are straight 1lines parallel to the projected axis of
rotation, The value of the velocity is
proportional to the distance from this axis. Furthermore,
if one assumes that the surface is Qniformly bright, the
contribution to the rotation broadening function at a given
velocity will be proportional to the length on the projected
image of the corresponding velocity contour line.
Consequently, the shape of the function will represent the

projected shape of the system.

In reality, limb darkening, gravity darkening and the
reflection effect will distort this strict proportionality
although the rotation broadening function will still contain

information on the shape of the stars. Determination of

this function empirically may, therefore, provide a method

- JE1) =
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of investigating the properties of contact binary systems.

Anderson and Shu (1979) have computed an atlas of
theoretical rotation broadening functions for a grid of mass
ratio, filled fraction and orbital inclination assuming
three different combinations of gravity and limb darkening.
These functions were computed using the important assumption
known as the wuniform profile model {.e. the spectral
profile remains constant over the projected surface except
for the rotational Doppler shift. This assumption 1is a
necessary one in order that the empirical broadening
function can be compared with the theoretical one. It is
known, however, that the spectral type of a W UMa star
varies 1little with orbital phase (Binnendijk 1970), so that
this assumption probably does not affect the regults

seriously.

A completely rigorous treatment, taking into account
variations 1In the spectrum due to temperature and gravity
varlations accross the surface would involve computing
synthetic 1line profiles (ef Hutchings 1973), rather than
rotation  broadening functions. This is a ma jox
computational problem, however, but a necessary step in
future work on these systems when more accurate

spectrophotometry is possible.

- $2 -
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Fourier transform techniques may be used to determine
empirical rotation broadening functions since under the
uniform profile assumption the observed spectrum of a W UMa
star 1is the convolution of its rotation function with the
spectrum of a non-rotating star of the same spectral type
(Simkin 1974, Gray 1976, Anderson et al 1980). There are
several advantages in the use of FFT techniques. Firstly,
the actual spectral lines have finite widths and are often
blended which represents a serious obstacle to the direct
comparison  of individual spectral features with the
theoretical function. In addition, FFT methods have a
substantial gain 1n signal-to-noise ratio over analyses of
individual spectral lines as a result of the statistical

treatment of many lines which is implicit in the method.

If the intrinsic spectrum is denoted by k(y) and the
instrumental profile by a(x), then the observed spectrum of

a single non-rotating star is given by

ex) = | k(y).atxy).ay
= kix)*a(x)

Similarly, the observed spectrum of a W UMa star will be

glven by

s(x) = Jk(y)-a(x*y)-b(x-y)-dy

= k(x)*a(x)*b(x)

- 6 =
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= t(x)*b(x)

In the transform domain, the convolution integral becomes a

product
S(k) = T(k).B(k)

In principle, therefore, the broadening function can be
obtained by a deconvolution of the observed spectrum with

respect to the spectrum of a non~rotating standard stars

B(k) = S(k)/T(k)

In practice, however, there are difficulties with thie
approach since this procedure will produce a very noisy
restored profile. Thig 1s due to the strong amplificacion
of high frequency noise components duringn this inverse
operation (Brault and White 1971, Simkin 1974). Even with
careful nolse filtering, the calculated rotation broadening
functions are extremely noisy, The techniques described by
8imkin (1974) to reduce this level of nolse were not

practical for use on the relatively slow minlicomputers

avallable due to the much greater computation required.

Despite these problems with noilse, 1t was found
possible to obtain empirical broadening functiouns,
particulary for those systems with larger mass ratio so that

the lines of both spectra were not obscured by the random

% Gl
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noise fluctuations in the derived function.

2.3 LIGHT CURVE SYNTHESIS

The 1light curve synthesis program Of Rucinski
(1976a,b,c) was employed for the re—-analysis of published

light curves using the spectroscopically derived purameters.

The input parameters required for the program are as
follows i~
1). Mass ratio q
2). Orbital inclination i
3). Fill-out factor f = ( C =C,) / ( C,~C,) (or F=1-f)
4), Reference temperature T
5). Temperature excess x = ( T4~T,) / T,
6). Gravity darkening exponent f3

7). Bolometric albedo A

The model atmospheres of Kuruez (1979) were employed to
gpeclfy the [luxes 1n either the UBV or uvby passbands while
the limb darkening coefficients were taken from Al-~Naindly

(1978).

A common problem with the analygls of W UMa type light
curves 1s that they are frequently asymmetric. The approach
adopted was to analyse each half of the light curve

independently rather than assume that one or the other is

- 65 =
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representative of the system. Cubic spline fits to the
published observations, using a program developed by
Hilditch, were used to generate normalised intensities at
phase intervals of 0.0l for each half of the light curves.
Partial derivatives expressing the dependence of the 1light
curves on each of the parameters were computed using a
Fortran program which called Ruscinski”s synthesis code as a
function. These derivatives, together with the observed
light curve and the theoretical light curve are then entered
into a differential least squares program. The parameters
in the solution may be fixed, or allowed to vary as
required. A number of iterations are usually required to

approach the solution more closely.
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CHAPTER 3

OBSERVATIONS

3.1 OUTLINE

The spectroscopic data 1n this investigation were
obtained during three observing runs, two at L Observatoire
de Haute Provence and one at the Dominion Astrophysical
Observatory. As a result of the nature of each visit and
the equipment used, the procedure followed 1in making the
observations varied 1in order to make best use of the time

available,

The wvisits to O.H.P. welre devoted entirely to
obtalning spectra of W UMa systems. However, the speed of
the spectrograph at the chosen dispersion was Bsuch that
there were severe restrictions on the magnitude limit
attainable. In order to retain sufficient time resolution
( < 0.05 cyecle ), the exposure times had to be kept fairly
short so that only systems brighter than 9th magaitude could

be observed. Due to the scarcity of bright W UMa stars in

= G



OBSERVATIONS Page 3-2

the Northern hemisphere the aim of the visit was to observe
a few selected systems over their entire phase range in more
detail. On the other hand, the spevtra from D.A.O. were
kindly obtained by Dr.R.W.Hilditch in addition to those he
was obtaining for another pro ject. Furthermore, an image
tube spectrograph was employed so that stars as faint as
12th magnitude could be observed. For these reasons it was
decided to observe a large number of systeas with the
observations timed to coincide with the quadratures wherever
possible, so that the spectrosopic mwass ratio of each could
be determined using Irwin“s method as previously described

(sect.2.2.9)

3.2 OBSERVATIONS

3.2.1 0.H.P. 193 Cm Spectra

The coude spectrograph of the 193 cm reflector at the
L”Observatoire de Haute Provence was ugsed during the period
lleh to 19th  April 1979 with  the  assistance  of
Dr.R.W.Hilditceh and two O.H.P. technicians. The
configuration employed, camera 3 and grating B, provided
spéctra in the wavelength range XA 3850 =~ 4950 angstrowms at
a dispersion of 20 A/mm. The standard slit width of 4dmm was
used, giving a projected width on the plate of 0,2%am, while

the slit length of 0.35mm corresponded to 1.2 arcsec on the

- H8 =
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sky. An iron arc was wused to give the wavelength
calibration with two exposures, each lasting 5 - seconds,
being made before and after each stellar exposure which had
an average exposure time of 25-30 minutes. In order to
achieve maximum speed, alr baked IIa0 plates were used which
were then developed using MWP2. Initially, D19 was used in
the developing process, but it was quickly found that the
exposure times would be longer than that required to retain
sufficient time resolution on account of the poor seeing
conditions that prevailed at the time of observation. The
developer employed, MWP2, gives a high contrast so that the
exposure times could be reduced by about 30%, although this

results in a much coarser, grainier finish.

Of the nine nights allocated, only one had excellent
seeing, although a further three nights were sufficiently
clear for spectroscopy. Approximately 50% of the time
available was therefore useful. 1In this time, a total of 70
spectra were obtained of 3 W UMa systems (see Table 1), and
5 radial velocity standards (Sanford et al 1950, Sanford and

Pearce 1952, Pearce 1955) (see Table 2).
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3.2.2 D.A.0. Spectra

Dr.R.W.Hilditch kindly obtained spectra for this
investigation wusing the Cassegrain spectrograph of the
Dominion Astrophysical Observatory 72" telescope during the
period 27th March to 2nd April 1980. An EMI three-stage
electromagnetic image intensifier tube was employed in order
to obtain spectra of some fainter systems. This does,
however, result in the characteristic geometrical
s-distortion of the spectra. The grating,which provided a
dispersion of 30 A/mm, was adjusted so that the wavelength
range 3900-4500A was contained within the linear portion of
the recorded spectrum. Unbaked IIa0 plates were used which
were then developed 1in D19. Average exposure times using

this equlpment were around 5-10 minutes, much better than

that obtained at O.H.P. .

A total of 102 Bpectra were recorded of 10 W UMa
systems (see Table 1), and 3 radial velocity standavrds (see
. Table 2). Unfortunately, the spectra of 4 systems, AC
Boo,RW Com, XY Leo and AH Vir were not taken around the
times of  quadrature. Consequently, radial velocity
measurements could not be made of the individual components,

go that more observations will be required at a later date.
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3.2.3 0.H.P. 152cm Spectra

The 0.H.P. 152cm reflector with coude spectrograph was
used during the period 19th to 25th August 1980 with the
asslstance of Mr.D.M.Carr and the night technician. Camera
A and grating Al was employed giving spectra in the
wavelength range 3850~4950A at a dispersion of 20A/mm. The
slit width was set to 4mm giving a projected spectrum width
of 0.27mm, while the slit length of 0.3mm corresponded to
1.3 arsec on the sky. As before,an iron arc was impressed
on the plate using two 5 second exposures, one before and
one after each stellar exposure. To minimise the exposure
time, baked IIa0 plates were used which were then developed

using MWP2,

0f the 7 allocated nights, 5 were usable for
spectroscopic work and in this time 75 plates of 3 W UMa
systems (see Table 1), and 3 radial velocity standards (see

Table 2) were obtalned.

i Y e
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Table 1 :— W UMa systems oubserved

Star Sp. Per. Map . range Class n

0.H.P. 193 cm Observations

W Uma r8 0.33 8.3 ~ 9.1 W 20
AW UMa F2 0.44 8.2 - 8.7 A 20
V566 Oph F4 0.41 7.6 - 8.1 A 13
D.A.O. 72" Observations
14 Boo G9 0.30 10.4 - 10.8 A/ 11
XY Boo F8 0.37 10.0 - 10.3 A 12
AC Boo FO 0.35 9.1 ~ 9.7 A/W 2
TX Cnc GO 0.38 10.0 -~ 10.4 W 8
RYW Com G2 0.24 11.0 - 11.6 W 6
RZ Com KO 0.34 11,0 - 11.7 W 10
CC Com K5 0.25 11.4 -~ 12.3 W B |
XY Leo KO 0.28 9.5 - 9.9 W 12
Y Sex F8 0.42 10.2 ~ 10.7 A 9
AH Vir KO 0.41 9.2 - 9.7 W 9
O0.H.P. 152 cm Observations
VW Cep G8 0.27 7.8 - 8.2 W 13
V566 Oph F4 0.41 7.6 - 8.1 A 15
ER Vul G2 0.70 T8 = 105 A 20

Table 2 :— Radial velocity standards observed

Telescope Star Spe v v 8ini n
OHP 193 HD 89449 F5 +6.5 16.0 3
HD 103095 G5 ~99.0 7
HD 144579 G8 -60.0 4
DAO 72" BD 75935 G8 «18.9 4
HD 112299 F8 +3.4 4
1D 122693 8 -6.3 2
OHP 152 HD 3712 G7 ~3.8 21.0 7
HD 204867 Gl +6.7 18.0 3
HD 222368 F5 +5.2 6.0 7
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3.3 MEASUREMENT OF RADIAL VELOCITY STANDARD STARS

A total of 41 spectra of 9 different standard stars
were obtained during the course of the observations in order
to check on both the accuracy of the equipment and the data

reduction procedures.

Following the observations at OHP in April 1979, it was
decided to compare the velocities determined by several
different methods. In addition to using the
crogs—cotrrelation technique, the plates were measured by
line profile fitting, while 3 plates of one standard star,
HD 89449, were measured in the more traditional manner using
a long screw micrometer. This was done im order to check
that the computer techniques gave results which lie on the
standard radial velocity system. The results from this
series of observations, along with the standard deviation of

the mean due to the internal errots, are given in Table 3.

The spectra of the standard stars observed at DAO in
March 1980 were reduced using the ecross-correlation
technique and the line profile fitting method since the
micrometer measurements had shown that the computer
techniques were working properly. The errors 1in these
obgervations, as quoted in Table 3, are larger than those
using OHP data. This is, of course, due to the poorer

spectral resolution resulting from the slightly lower

g
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dispersion combined with the image degradation caused by the

image tube.

Finally, the observations at OHP in August 1980 were
reduced only by the cross—correlation technique since the
resulilts obtained usng this method are considered to be of at
least comparable, 1f not better, accuracy than the other

methods.

These measurements have established, therefore, that
there are no systematic errors 1in the measurement and
reduction procedures Qsed in this investigation. If one
takes the differences between the radial velocities
calculated by the cross—correlation method, and the
published values, the rms error 1n the radial velocity of a
spectrum due to internal and external errors, was found to
be + 2.7 km/s for the DAO spectra, and + 0.8 km/s for the

OHP spectra.
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Table 3

Star

HD
HD
HD

HD
HD
HD

HD
HD
HD

89449
103095
144579

75935
112299
122693

3712
204867
222368

w: P8 -

Page 3-9
:~ Measurement of Radial velocity standard stars
v (km/s) c.c.f. l.p.f. l.8.m.
0.H.P. 193 em Observations
+6.5 +6.1 +/- 1.4 +6.2 +/- 0.8 +6.3 +/~ 2.4
-99.0 -99.1 +/~ 4.7 -101.1 +/- 3.4
-60.0 -60.6 +/- 4.9 ~-61.8 +/- 3.2
D.A.O0. 72" Observations
+3.4 +4.2 +/~- 4.6 +3.2 +/- 2.3
-6.3 ~10.3 +/- 3.7 ~10.3 +/- 7.8
0.H.P. 152 cm Observations
-3.8 =2.5 +/= 4.4
+6.7 +5.7 +/= 2.6
+5.2 +5.7 +/- 1.9



CHAPTER 4

ANALYSIS OF INDIVIDUAL SYSTEMS

4‘1 E U

—

There have been several previous determinations of the
radial velocity curves for this system (Adams and Joy 1919,
Popper 1950, Struve and Horak 1950, Binnendijk 1967, Worden
ané Whelan 1973), the prototype of this class of object.
The observations presented here were taken at O.H.P. at a
dispersion of 20A/mm on the nights of 12th aad 13th April
‘1979,

Phases were computed with the elements
MID¢, = 43929.9019 + 0.33363808.E
where the time of primary minimum and period was taken from

that published by Tunca et al (1979).

Radial velocities were determined by cross—correlating
the spectra with that of the radial velocity standard HD

89449 (F5) using the section of spectrum between 4125-4325A.
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Table 4 :~ Radial velocity measurements for W UMa from ccf.
Plate no. Hel.M.J.D. Phase Primary Secondary
43900.0 + v (km/s) v (km/s)

V4254 74.8186 0.65 ~105 +138
V4255 74.8344 0.69 -142 +196
V4256 74,8532 0.75 ~194 +186
V4257 74,8728 0.81 ~140 +210
V4258 74,8969 0.88 - 95 +147
V4259 74.9169 0.94 - 70 + 32
V4260 74,9457 0.02 - 24 -
V4261 74,9740 0.11 + 58 -185
V4262 75.0044 0.20 + 72 -294
V4263 75.0274 0.27 + 42 -263
V4272 75.8240 0.66 -140 +126
V4273 75.8460 0.72 ~175 +200
V4274 75.8622 0.77 -178 +207
V4275 75.8864 0.84 ~146 +216
V4276 75.8989 0.88 -103 +139
V4278 75.9352 0.99 - 65 -
V4279 75.9664 0.08 +. 21 -166
V4280 75.9885 0.15 + 44 ~230
V4281 76.0114 0.22 + 92 -257
V4282 76.5385 0.30 + 84 ~284

Table 5 1~ Spectroscopic elements for W UMa.

Element Unlt Worden & Whelan Present work
Vo km/8 -42,3 +/= 3 =37.8 +/= 4 (8.d.)
K, km/s 131.3 4/~ 2 119.0 +/= 6
Kl kmzs 24340 ‘*"/"‘ 3 24400 +/" 9
a,sin 1 10 'km  0.60 +/= 0.01 0.55 +/= 0.03
azsin 1 10°km  1.11 /= 0.02 1.12 +/= 0.04
a sin i 10°km  1.72 +/=~ 0.03 1.67 /= 0,05
M;sin 1 Mo 1.18 +/- 0.05 1.11 +/= 0.11
Misin 1 Mo 0.64 +/- 0.03 0.54 +/- 0.05
(M,+ Mysin 1 Mo 1.82 +/= 0.06 1.65 +/- 0.12
q = My/ M, - 0.54 +/~ 0.03 0.49 +/- 0,03
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The individual obscrvations are presented in Table 4
and figure 6, while the resulting spectroscopic elements are

given in Table 5 .

It can be seen that the mass ratio is slightly lower
than that obtained by Worden and Whelan as is the systemic
velocity. Thedr spectra were at a luwer dispersion of
62A/mm and measured using an oscillosuvpe comparator, whereas
in this work a higher dispersion and a more objective
numerical technique was wused to determine the vradial
velocities. On the other hand, we have poorer time
resolution and fewer data points. Consequently, it is felt
that the differences in the elements are due to the errors
of measurement rather than any variation in the system
ltself. In addition to determining the radial velocitles by
crogs~correlation, the spectrum of the standard star was
deconvolved from the observed spectra to produce emplrical
velocity broadening functions which are shown in fig 7 ..
The fact that the two components have been clearly resolved
glves another means of determining the radial velocitles and
hence the maus ratios Measurements of the velocities at the
centre of each peak are given in Table 6 and fig 8, while
the spectroscople elements computed from these values are

presented in Table 7.
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Figure 7

Velocity Broadening Functions for W UMa

(a) Observations obtained on 12th April 1979

(b) Observations obtained on 13th April 1979

- 80 -
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Table 6 :— Radial velocity measurecments for W UMa from vbf

Plate no. Hel.M.J.D. Phase Primary
43900.0 + v (km/s)
V4254 74.8186 0.65 -133
V4255 74.8344 0.69 -163
V4256 74.8532 0.75 -190
V4257 74,8728 0.81 ~-165
V4258 74.8969 0.88 ~110
V4259 74.9169 0.94 ~100
V4260 74.9457 0.02 - 26
V4261 74.9740 0.11 +126
V4262 75.0044 0.20 + 53
V9363 75.0274 0.27 + 93
V4272 75.8240 0.66 =127
V4273 75.8460 0.72 ~183
V4274 75.8622 0.77 -180
V4275 75.8864 0.84 ~143
V4276 75.8989 0.88 -115
V4278 75.9352 0.99 - 53
V4279 75.9664 0.08 + 23
V4280 75.9885 0.15 + 86
V4281 76.0114 0.22 +113
V4282 76.5385 0.30 + 70
Table 7 i~ Spectrosgcopic elements for W UMa
Element Unit Preseunt work
Vo km/s =43.7 +/= 6 (8.d.)
K, km/ s 130.0 +/~ 8
Ka kmls 244.,0 /- 12
a;gin 1 107 km 0.60 /= 0.03
azsin 1 10, km 1.14 +/~ 0.04
a sin i 10 km 1.74 +/- 0.05
Misin 1 Mo 1.23 +/= 0.11
M:gin 1 Mg 0.65 4/~ 0.05
q = M/ M, - 0.53 +/- 0.04
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This set of elements 1s closer to those of Worden and
Whelan, although the scatter around the fit is slightly
greater. A  mean value of the mass ratio of
q = 0.52 +/= 0.03 taken from these three determinations

shall be adopted for this system.

As well as measuring the positions of the peaks in the
broadening functions, the helght of each and the dip
corresponding to the neck of the star can be recorded.
These measurements are shown in Table 8 and figure 9. Under
the uniform profile assumption, then the relative heights of
these features enable a determination of the mass ratio and
fill-out factor by interpolation into the atlas by Anderson
and Shu (1979), on the basis of the DSC model. The ratio of
the primary to the secondary, P/S, depends strongly on the
mass ratio, while the fill-out factor 1is the dominant
influence on the ratio of the neck to the primary, N/P, or

the secondary N/S.

‘ Obviously, the value of these ratios will wvary with
phase as the area of each component visible changes.
Qualitatively, the expected changes are observed (see Table
9 and figure 10 ) in that the ratio P/S increases from
secondary minimum until the secondary compohnent is eclipsed,

after which the ratlo decreases again.

- 89 -



ANALYSTS OF TNDIVIDUAL SYSTEMS Page 4-9

Table 8 :~ Strength of features in vbf.
Pl.no. Phase Prim. Sec. Neck
V4254 0.65 66 70 46
V4255 0.69 93 58 18
V4256 0.75 83 73 20
V4257 0.81 84 48 16
V4258 0.88 70 53 36
V4259 0.94 105 - -
V4260 0.02 146 - -
V4261 0.11 94 66 -
V4262 0.20 61 50 8
V4263 0.27 78 81 7
V4272 0.66 84 57 -
V4273 0.72 74 72 20
V4274 0.77 85 67 20
V4275 0.84 67 58 35
V4276 0.88 60 50 24
V4278 0.99 111 - -
V4279 0.08 111 - -
V4280 0.13 68 67 44
V4281 0.22 65 68 10
V4282 0.30 65 65 26
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Figure 9

Measurements of the Broadening Functilons

for W UMa

(a) Central height of primary component

(b) Central height of secondary component

Page 4-10

The top diagrams contain the results for the night

of the

12th April 1979, the centre gives the observations obtained

on the night of the 13th April 1979, while

diagrams consist of the combined data.
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Pl.no.

V4254
V4255
V4256
V4257
V4258
V4259
V4260
V4261
V4262
V4263

V4272
V4273
V4274
V4275
V4276
V4278
V4279
V4280
V4281
V4282

Phase

0.65
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0.75
0.81
0.88
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Table 9

P+5

136
151
156
132
123

105

146
160
111
159

141
146
152
125
110
111
111
135
133

:— Analysis of vbf
P/S N/S
0.94 0.66
1.60 0.31
1.14 0.27
1.75 0.33
1.32 0.68
1042 "
1.22 0.16
0.96 0.09
1.47 -
1.03 0.28
1.27 0.30
1.16 0.60
1.20 0.48
1.02 0.66
0.96 0.15
1.00 0.40
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Figure 10

Analysis of the Broadening Functions

for W UMa

(a) Ratio of Primary to Secondary P/S

-(b) Ratio of Neck to Secondary N/S

(c) Sum of observed strengths P+S

The top diagrams contain the observations made on the night
of the 12th April 1979, the centre gives the results for the
night of 13th April 1979, while the lower diagrams have the

combined data.
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It would appear that in practice, the height ol the primary
at 1lst quadrature is lower than that at 2nd quadrature,
while the height of the secondary remains fairly constant.
On the other hand, the value of N/S decreases to a minimum

at the quadratures when the neck 1is clearly displayed,

outside of which it is partially, or wholly obscured.

In order to estimate these system parameters, the mean
of the ratlos around each quadrature was computed. These

are as follows =

Ratio 1st Quad. 2nd Quad.
P/S 1.03 +/- 0.11 1.33 +/~ 0.29
N/S 0.29 +/~ 0.24 0.35 +/- 0.13

Assuming full 1limb darkening and a low value of the
gravity darkening exponent as suggested by Eaton et al
(1980) and Hilditch (198l), then interpolating into the

atlas of velocity broadening functions gives the following

results,

b Parameter lst Quad., 2nd Quad.
q 1.00 +/~ 0.1 0.55 +/=- 0.1
F 0.10 +/= 0.1 0.20 +/~ 0.1

Although the values obtained for the fill-out factor
are reasonably consistent with each other, and with results
from previous photometric analyses, it is clear that the

mass ratios derived from the two quadratures are in complete
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disagreement, There are two possible intepretations of this
phenomenon, namely that eitcher the uniform profile
assumption breaks down or the flux distribution over the
surface changes significantly from one side of the system to

the other.

The fac. that the polours of the system remain fairly
constant, and that the spectral type does not change
significantly with phase supports the uniform profile
assumption. It 1s possible though to alter the spectral
profiles by having variable emission from a feature such as
a circumstellar envelope or gas stream which raises the

continuum or fills in the lines.

The alternative explanation of the flux distribution
varying across the surface may be achleved by tliz occurrence
of magnetic starsgpots and/or active regions (Mullan 1975},

ot by the presence of a mass transferring stream (Lucy and

Wilson 1979).

Obviously, whatever the cause of the wvariatlion, these
breadening function measurements show that there Is a strong
degree of asymmetry in this system which is probably related
to both the asymmetric light curve and the short timescale

variability.
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An example of the variability of the system is shown by
the variation in the sum P+S, which is related to the
combined line depths. This was given in Table 9 and figure
10. It 1s clear that the lines are varying from night to
night in the time interval from primary minimum to first
quadrature. Unfortunately, we do not have observations
after this point which may have provided further information
on this variability which shows up as greatly increased
scatter when the data is combined. The overall variation,
however, of being strongest at quadrature and weakest at
eclipse is simply due to the level of the continuum varying

with the light output of the system.

If we assume that the uniform profile assumption does

hold, then we can derive the following relations.
The flux level of the observed continuum Cy is the eum of
the flux from the primary Cp and the secondary Cs.
les Cgo = Cp‘f‘Cg-
If we let Cg = X,Cp , then {r can be shown that the true
heights of the broadening function peaks P and Sy, relative
to their respective continua, are computed from their
observed héights P. and Sg using the relatlons

P ® Py o( 1 +X)

8, = 8o (1 +X) /X
The problem with using these relations is that the value of

X appears to be variable so that the true values cannot be

-~ 101 =
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computed unless the light distribution is already known.

On the other hand, since the spectra of the stars are
identical with the wuniform profile assumption, we have
P =5 , which leads to the relation

P/s =1/X =Fp /Fs
The value of P/S then is directly equivalent to the ratio of

the flux from the two components.

If we dignore any complications such as spots’ or
streams, then the flux contributing to a given velocity
contour 1s proportional to the size of the star D,
perpendicular to the distance from the rotation axis
corresponding to that velocity.
iee F & D, T*
so that
(P/S) = (Dp/Ds )« ( Tp/Ts)"

If we adopt the equivalent radii of the stars from Worden
and Whelan (1973) of Rp= 1.07 Re and Ry = 0.81 Rg, then

(P/8) =132 . (1)

It 18 iInteresting to note that i1f one adopts a
temperature of 5800° K for the system (Hilditch 1981), and
uses this relation to calculate the temperature ratio, then

we can calculate the following :-
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Parameter lst quad. 2nd quad.

Tp/T, 0.94 +/- 0.02  L.00 +/=~ 0.04
Ty, - Tp 70 +/= 140 0 +/- 120
X = AT/T, 0.06 +/~ 0.02  0.00 +/- 0.02

This temperature excess of the secondary at lst
quadrature corresponds closely to what is found from the
photometric analyses (Hilditch 1981). Unfortunately, we do
not have complete phase coverape as there is a gap from

phase 0.3 through to 0.65 .

One problem with the existence of a temperature
variation in the system 1g that the uniform profile
assumption must break down. In order to investigate the
effect oi temperature on the strength of the broadening
functions, the standard spectrum was deconvelved from the
gpectra of three standard stars of spectral types F5, G5 and
K5, The strength, H, of the computed functions are shown in

Table 10 and figure 11.

Table 10 i- Tempersture dependance of vbf for standard

Sp Tewp. K H
) ) 6455 70
G5 5780 209
K3 4295 218

= 103 4
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As expected, the strengths increase with decreasing
temperature towards later spectral types. The change in the
primary components lines could therelore be interpreted as
an 1increase in temperature of about 200-300“K on 1its
trailing hemisphere relative to ivs leading hemisphere. It
is interesting to note that the strength of the function at
mid primary eclipse would correspond to a temperature of
about 6100°K, rather -hotter than found from the colour of
the system. Alternatively, this could be interpreted as the

presence of some mechanism which reduces the strength of the

lines.

There have been wmany photometric analyses of W UMa
using the light curve synthesis technique (Mochnacki 1972,
Hutchings and Hill 1973, Nagy 1974 and Hilditch 1981) which
have derived mass ratios ranging from g = 0.40 to 0.47 when
free to vary in the solutlon. One problem, however, is that
previous photometric solutions have derived the mass ratio
rather than fixing it at the spectrosoplce value. For this
reason, 1t was felt necessary to redanalyse published light
curves for W UMa with the mass ratio fixed in order to

determine the effect on the other uystem parameters.

Photoelectric obgervations of W UMa 1n the Strowmgren
uvby system have been published (Linnaluoto and Piirola

1979), the y band light curve being adopted as the
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observations to which to fit the wmodel. Due to the
asymmetry of the light curve, observations from phases 0-0.5
and 0.5-0 were solved separately. ‘“he mass ratio was fixed
at the spectroscopic value of 0.52, while the fill-out
factor was taken to be 0.B5 as derived from the broadening
functions. A mean value for the orbital inclination of 83°
was taken from the previous light curve synthesis results
(Cester et al 1979). A reference teaperature of 5800°K was
adopted from the (b*y) colour (Rucinski and Kaluzny 1981)
using the calibration with effective temperature given by
Popper (1980) and no temperature excess of the secondary was
agssumed i.e. X = 0. The gravity darkening exponunt f! was
taken to be 0.05 as derived observationally by Eaton et al
(1980), and the bolometric albedo fixed at 0.5 following

Rucinski (1969).

Due to the problems of analysing W UMa systens, it was
declded to fix as mdny parameters as possible in order to
get the best determinatlion of those which were allowed to
vary 1in the least squares solution. The wass ratio and
reference temperature were fixed since these were determined
from observations, while the albedo was fixed since it
varled wildly when free to vary so that it appears to be

indeterminate in the solution.

~ 107 =




ANALYSIS OF INDIVIDUAL SYSTEMS ‘Page 4-21

The. remaining four parameters were solved in six different
combinations . £fipX2). 18Xx3). £18 4). £1X
5). 1 6). 1 X. The initial parameters and the results

of each solution after several iterations are presented in

/

Table 11.
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Table 11 :— Light curve synthesis results for W UMa (y band)

Initial Values :~

q = 0.52 T = 5800°K
f = 0.85 X = 0.00
i = 83%0 ? = 0.05
A = 0.5
Solution for phases 0.0 to 0.5 :-
Free parameters f i B X Z (o=c) "
f1BX 0.78 80.9 -0.10 0.068 2.77 e-3
0.02 0.3 0.02 0,003
igX 0.85 80.9 -0.04 0.066 3.39 e-3
0.4 0.02 0.004
£1 3 0.78 80.9 ~0.11 0.069 2.78 e-3
0.02 0.3 0.02
£f1X 0.89 80.0 0.05 0.064 5.23 e-3
0.02 0.4 0.005
i ﬂ 0.85 80.8 -0.04 0.069 3.43 e-3
0.4 0.02
iXx 0.85 79.3 0.05 0.064 6,06 e~3
0.4 0.005
Solution for phases 0.5 to 0.0 -
Free parameters £ i i3 X E:'_(o--c)1
f1pg X 0.76 81.1 -0.07 0,069 3.66 e~3
0.02 0.4 0.03 0.009
1 BX 0.85 81.0 0.01 0,067 4,70 e~3
0.4 0.02 0.004
£1 3 0.76 8l.1 -0.07 0.069 3.66 e~3
0.02 0.3 0.03
£f1X 0.86 80.4 0:.05 0,066 85.2) a~3
0,02 0.4 0,005
ip 0.85 81.0 0.01 0.069 4,71 e~3
0.4 0.02
1X 0.85 80.4 0.¢5 0.066 5.21 e=~3
0.3 0.005
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Despite the asymmetry in the 1light curve of this
system, the solutions for each half are very similar aand
follow the same trends. It would appear that the model
requires a large temperature excess to fit the observations
for all of the different solutions. The values of the
gravity darkening exponent and the fill-out factor are
strongly related in that {3 becomes negative while
increasing the &egree of contact to compensate. This is in
agreement with Hilditch (1981) who analysed ligiht curves
obtained in the DDO photometric system. The main dffference
between this and previous analyses 1s that the larger mass
ratio has resulted in a correspondingly lower value of the

inclination by about 3 degrees.

In addition to synthesising an optical light curve, the
ultra-violet observations obtained by Eatoan et al (1980)
uging the ANS satellite were reanalysed with these
geometrical parameters. The data was folded about phase 0.5
glnce there was no diftference between the two halves of the
light curve to within the errors of the photometry. Table
12 contains the results of fitting the model to the
vbservations, The most striking difference between the
optical and uv solutions 1s that the temperature difference
between the components has dropped sharply, while the
gravity darkening exponent remains close to the 1nitial

value. Once again, the solution tends to Increase the

- 110 -



ANALYSIS OF INDIVIDUAL SYSTEMS Page 4~24

degree of contact when the value of f£ drops but this

dependence is reduced compared to the optical solutiom. The
value of the inclination 4is slightly lower than that

obtained previously but not by any significant amount.

Table 12 :- Light curve synthesis results for W UMa (UV)

Initial Values :-

q = 0.52 T = 5800°K

f = 0.85 X = 0.00

1 8350 2 = 0.05
A = 0.5

Solutlion for folded light curve :-

Free parameters f i B X T (o=c)*
f1pX 0.74 80.1 0.03 0.020 1.16 e-2
0.06 0.7 0.03 0.003
1gX 0.85 79.5 0.08 0.017 1.27 e-2
0.7 0.01 0.003
fip 0.72 80.2 0.02 0.022 1.17 e=2
0.05 0.7 0.02
f1iX 0.78 79.8 0.05 0.019 1.18 e~2
0.02 0.6 0.003
iR 0.85 79.6 0.07 0.022 1.34 e~2
0.7 0.01
1 X 0.85 79.8 0.05 0.022 1.49 e~2
0.5 0.003
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In the analysis of the UV curve by Eaton et al, which
assumed the geometry derived Dby Worden and Whelan (1973)
from photometry, no temperature excess was found and the
variation in the (2200-3300) colour limited the variation in
the mean effective temperature of th« disc to about 60 K.
Theilr dinterpretation of the apparent temperature excess
obtained from the optical 1light curves was that the
radiation from the primary 1is diluted by spots which are
evenly distributed over its surface. This would explain the
W type light curve but not change the colour of the system

i1f the spots are cool enough to appear black.

A slight temperature excess was found in the reanalysis
of the UV data using the new geometry. However, the marked
reduction in this parameter supports the view that the
components are close to thermal equilibrium and that the
apparent temperature difference is due to some effect that
{8 not dincorporated Into the model. The existence of an
asymmetry in W UMa-shown by the broadening functiona wmerely
highlights the problems of understanding the structure of

contact binariles.

In the 4absence of large température variacions as
indicated by the UV photometry, then we must explain the
variation in the strength of the 1lines by some other

mechanism. With constant temperature, the uniform profile
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assumption would normally be expected to hold so that
variations in the velocity broadening function will occur if
the amount of contributing flux clianges. On this basis, the
simplest interpretation of the observations is that at 2nd
quadrature we see the unperturbed system, while at both
primary w«clipse and 1lst quadrature the amount of flux
received huas been reduced due to the presence of magnetic
starspots as suggested by Mullan (1975). Unfortunately, the
maximum following primary minimum is the brighter one so

that this interpretation is precluded.

There are several methods of varying spectral line
strengths without a temperature change, each of which must
be consldered as a possible explanation for the phenomena in

this system.

First of all, there 18 the pressure dependence of line
formation. At solar temperdatures, the metal lines are
mostly lonlsed so that they are very pressure aensitive.
The ratio of the line absorption coefficlent to the opacity
is related to the electron pressure and hence to the surface
gravity by the following equation (Gray 1976) :-

ly/ ky ™ const. / Py = const. g”%’
The surface gravity of W UMa d4s given by Rucinaki and
Kaluzny (1981) as log g = 4.40 , and in order to produce the

obgserved change in the 1line satrength the mean surface
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gravity has only to be reduced to about log g = 4.07 on the

adﬁancing hemisphere of the primary component.

There is another possible mechanism for changing line
strengths if starspots exist on the surface. In a
convective zone, the modified mixing length theory (Deupree
1979) predicts a non-linearity of opacity with temperature.
Consequently, if there is a region of high spot activity,
the variation in temperature over the surface will result in
a drop i1in effective opacity and so increase the 1line
strengths. Unfortunately, for the X value derived for
W UMa, this effect only amounts to a change of about 3-5% so

that it 1s not large enough to be responsible.

Finally, the presence of a gas stream could alter the
line strengths 1in the spectrum, either by weakening the
lines due to emission, or strengthening by added absorption
depending on the gas temperature, pressure and its location
with respect to the system. The weakening of the absorption
lines of the primary at the elongation when it 1s receding
is a typical feature of a gas dtream from secondary to

primary (Sahade and Wood 1978).

Let us now congider possible nodels for the asystem to
try and explain the observed light curve and spectroscopic

variations.
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If we once again assume that the portion of the system
seen at 2nd quadrature 1is utperturbed, then the .equality of
temperatures derived from the broadening functions 1is in
agreement with the photometry. In this case, then we must
weaken ghé the spectrum of the primary component at Ilst
quadrature by the presence of gaseous material which is
filling in the lines by emission. Mass flow has oftem been
interpreted as the cause of the perturbations in the light
curves of contact binaries and the reason for observed
period chauges (e.g. Cester 1969). This interpretation
would be consistent with the Ca II H and K emission 1lines
associated with the primary as stated by Struve (1950),
although they were not visible in the spectra obtained for
this investigation. Unfortunately, the matter contained in
gas streams 1is almost completely ionised 8o that the
dominant source of opacity is due to Thomson scattering by
free electrons, so that the 1light from the system is
partially obscured. In order to increase the flux from the
system as observed, it would be necessary for a hot spot to
form on the primary as the gas was accreted, and this of
course, 18 in contiradiction with both the UV colours and the
apparent temperdture exceds of the secondary derived from
the light curve synthesis. Another problem with this model
18 that mass transfer normally takes place through the inner

Lagrangian point L, . Since the components are in contact,
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mass transfer should occur through the neck so that gas
streams could only exist if the matter were funnelled along

magnetic flux tubes connecting the two stars.

An alternative model would be to assume that most of
the primary 1is covered in starspots as suggested by Mullan
(1975) and Eaton et al (1980), while the spectrum lines of
the primary are enhanced on 1its leading side by some
mechanism. In this case, one would have to interpret the
temperature equality of the components derived from the
broadening functions at 2nd quadrature as a mere
coincldence. The removal of flux by the presence of spots
must be counteracted by the Increase in line strength due to
soine mechanism. Such an increase in line strength could be
achieved by a diffuse gas cloud or amn extension of the
envelope as suggested by Struve (1950). As has been
calculated a relatively small decrease in the mean log g 1s
required, much smaller than would be detectable as a change

in the spectral classification.

The drop in the flux present 1n the 1ines at lst
quadrature pgave an apparent temperature difference of 370°K
while the light curve synthesis solutions gave a value of
375°%K 1in very good agreement. Adopting this change in the

effective temperature, it 1s possible to derive the

effective area of the spots for a given spct temperature
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uslng the formulae given by Mullan. If we have a spot of
temperature T, and relative area A on the surface of a star
at temperature Tp, then, to a first approximation, the mean
effective temperature will drop by AT given by

BT / Tp=0.25 (1 -1 Tp) .A

The brightness of the primary will therefore be reduced by
an amount

Dmy, =~2.510g [ 1 - (1 ~3)-A ]

with

B = [exp(Ce/ATp)~1]/[exp(Ce/ATy)-1]

where A is the wavelength of observation and C,=1.44 cgs.
It 1s then possible to estimate the effect of this on the
combined light of the system 1f the mass =~ luminosity
‘relationship 18 assumed. Mullan adopted the w~1 relation

derived by Lucy (1968).

For the observed drop 1n effective temperature, the
area of spots relative to the disc and the resulting
magnitude c¢hanges are tabulated for a range of  spot
taemperatures in Table 13, The most probable spot
temperatures lie in the range 3000~4000"K so that about 30%
of the surface of the primary must be covered by these
magnetic spots. It cuan be calculated that to introduce the
asymnetyy in the height of the maxima, an increase in the
spot density of only a few percent i1is vrequired on the

leading hemisphere of the primary (e.g. for spot
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temperature of 3500 K, the observed change in & m of 0.03

mag. nevds an increase in the area covered from 30 to 33%).

Table 13 :— Magnetic starspots on W UMa

T A O w(p) Am
2000 0.26 0.33 0.20
2500 0.27 0.34 0.21
3000 0.28 0.35 0.22
3500 0.30 0.36 0.23
4000 0.34 0.38 0.24
4500 0.41 0.39 0.25
5000 0.58 0.39 0.25

In the case of the sun, spots are often assoclated with
active regions and flares, so that such phenomena are likely
to be present on a larger scale on W UMa stars if there 1s
such magnetic activity. These features could be used to
explain the short timescale variabllity of the light curves
and the occasional appearance of enission lines of louised
calcium assoclated with the primary. In addition, such
activity would account for the chromospheric emission lines

in the UV spectrum (Rucinski et al 1981).
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It is possible that matter ejected by large prominences
would be sufficient to form the gas cloud or extended
envelope on the advancing side of the primary since material
can take several days or even weeks to return to the
surface, the envelope being replenished in the meantime by
further activity. Struve (1950) has interpreted the
spectrum variations of the s~d system UX Mon as being due to
enhanced prominences on the leading hemispheres of the
components, so that a similar effect may be responsible in

W UMa systems.

To sum up then, the prototype system W UMa 1s a highly
active W subclass system. The most plausible explanation of
the observations, at the present time, is that there exists
a strong degree of magnetic activity such as starspots,
flares, chromospheric emission etc. with such phenomena
able to account for many of the varlations in the system.
The changing depths of the gpectral lines seems to indicate
that the uniform profile assumption breaks down and that
there is additional material on the leading side of the
primary which enliances the line atrengths. In order to

investigate these effects more fully, much wére extensive
obgervations must be obtained, particularly high dispersion

spectroscopy over an extended period of time,
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4.2 AW UMA

This eclipsing variable is one of the most interesting
contact binary systems. Analysis of the photometric
observations show that AW UMa has the smallest kﬁown mass
ratio of 0.08, and as Rucinski (1974) has pointed out, this
star may be 1important for testing possible differences
between the physical behaviour and the evolution of A and W

type systems.

The only previous radial velocity study of this system
was by Paczynski (1964) after the system was discovered to
be a W UMa type variable. At that time, only the unresolved
H® and HY lines could be measured so that the single
velocity curve obtained was rather inconclusive. In this
investigation, however, the much weaker secondary spectrum

was detected 1n the cross~correlation function.

The observations were made at O.H.P. on the nights of

the 1lth, 15th, 17th and 18th April 1979 using a dispersion

of 20A/um.

Phases were initially computed from the ephemeris by
Dworak and Kurpinska (1975)
MIDg = 38044.2812 + 0.43873235.E
but 1is was found necessary to add a correction of

0.0175 days to the observed times in order to obtain the
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golution to the radial velocity curves. This corresponds to
a significant shortening of the period of this system, but
the occurrence of a large change in the period has recently

been reported (Woodward et al 1980, Istomin et al 1980).

Radial velocities  were again determined by
cross—correlation with the standard HD 89449, the individual
observations being given in Table 14 and figure 12. The
secondary velocities are, of course, less accurate due to
the extreme weakness of the features since the light ratio,
and hence the height of the correlation peaks, is of the

order 10:1,

Several empirical velocity broadening functions were
computed for AW UMa, but due to the fact that they are
inherently noisier than cross—correlation functions, the
secondary has been lost in the remaining noise. An example
of the broadening functions obtained is presented in figure
13. Much better quality spectra would be required in order

to enable this type of analysis to be carried out.
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Table 14 :- Radial velocity measurements for AW UMa

Plate no. Hel.M.J.D. Phase Primary Secondary
43900.0 + v (km/s) v (km/s)
V4247 73.9965 0.68 -5 =349
V4248 74.0261 0.74 +16 ~-381
V4249 74.0478 0.79 ~16 ~435
V4292 77.9820 0.76 +12 , =450
V4293 77.9912 0.78 0] -389
V4294 77.9995 0.80 +12 =433
V4295 78.0087 0.82 +27 =443
V4296 78.0191 0.85 0 =447
V4297 78.0287 0.87 -29 ~295
V4298 78.0404 0.89 + 5 -
V4305 79.8370 0.99 -3 -
V4306 79.8607 0.04 -26 -
V4307 79.8819 0.09 -51 +263
V4308 79.9036 0.14 =32 +303
V4309 79.9357 0.21 -65 +374
V4310 79.9661 0.28 -62 +381
V4311 79.9961 0.35 -55 +303
V4312 80.0257 0.42 -40 +305
V4313 80.0578 0.49 + 1 -
V4319 80.8473 0.29 =25 +373

Table 15 :~ Spectroscopic elements for AW UMa

Element Unit Paczynski Present work
Vo km/s «l +/=- 2 ~17.0 +/= 7 (8.d.)
g km/s 28 +/~ 3 29.0 +/- 8
Ka km/s - 423.0 +/- 80
a,sin 1 10" km - 0.18 +/- 0.05
azsin 1 10" km - 2.56 +/= 0.48
a sin i 10"km - 2.74 +/= 0.93
M,sin 1 Mo - 3.94 /= 1.22
M.ein 1 Mo - 0.27 +/= 0.10
(M,+ M)sin 1 Mo - 4,21 4/- 1.29
q =M,/ M, - - 0.07 +/= 0.02
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RADIAL VELOCITY CURVE FOR AW UMa
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Figure 13

Velocity Broadening Functions for AW UMa

These diagrams show two broadening functions as examples

which 1llustrate the fact that the secondary component lies

below the noise level of the function.
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The light curve of this system shows a slight asymmetry
(Woodward et al 1980), while the shallow eclipses are
indicative of the low mass ratio. The eclipses are total so
that the parametefs of the system are able to be determined
with greater accuracy as has been demonstrated by the
consistency of the results obtained by different analyses
(Maochnacki and Doughty 1972, Nagy 1974 and Woodward et al
1980). All of these solutions give a mass ratio of q = 0.07
to 0.08 in very good agreement with that determined

spectroscopically.
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4.3 V566 OPH

The spectroscoplc elements of this system were first
detemined by Heard (1965) from, as he states, rather poor

quality spectrograms since the exposure times were of the

order of 90 minutes.

The observations made in this investigation were first
taken at O0.H.P. on the nights of the 12th, 13th and 15th
April 1979  using the 193 cm  telescope. However,
1nsufficient phase coverage was obtained during this series
of observations. This necessitated the system being
reobserved on the nights of the 19th, 21st and 24th August

1980 with the 152 cm telescope.

The phases were computed with the elements
MIDg = 43675.9026 + 0.40964091.E

taken from Niarchos (1979).

The radial velocities ware determined by
cfoas-cortelating the first and second sets of spectra with
the radial velocity standards HD 89449 (F5) and HD 222368
(¥5) respectively, these being the standard stars observed

during each observing run with the same equipment.
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Table 16

Plate no.

V4265
V4266
V4267
V4268
V4269
V4284
V4285
V4286
V4287
V4299
V4300
V4301
V4302

GA4618
GA4619
GA4620
GA4621
GA4622
GA4644
GA4645
GA4646
GA4647
GA4682
GA4683
GA4684
GA4685
GA4686
GA4687

Page 4-40

:= Radial velocity measurements for V566 Oph

Hel.M.J.D.
43900.0 -+

76.0853
76.1020
76.1133
76.1278
76.1445
77.0738
77.0909
77.1096
77.1304
79.1615
79.0948
79.1136
79.1336

44400.0 +
70.8667
70.8896
70.9083
70.9304
70.9583
72.8346
72.8575
72.8854
72,9271
75.8229
75.8521
75.8779
75.9167
75.9654
76.0050

Phase

e a e o

OOOOO0.0000000
N OWMNMNNNWYWWOYW®D®
SOOI OONPSO

HFOWwWOoOEBNOOTUIULPONNOO
XA N DI NNO DAY DO

COCO0OO0QCOCOO0O0OO0OQCOOOO

il 2

Primary
v (km/s)

b+ 4+

b+t

35
17

22
15
70
60
43
47
75

51
38
33
29
53
48

Secondary
v (km/s)

-342
-297
~265
- 95
+188
4230

+217
+120
+230
+246

=236
=312

~244
+ 85
=125
~-231

~264
~302
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Table 17

Element

Vo

K,
K
a;sin
a8in
a sin
M,sin
M1ain
M, + Mp)sin 1
q = M,/ M,

e b e b

e

Unit

km/s
km/s
km/s
10“km
10%km
10°km
Mg
Mo
Mo

Heard

-42.,0 +/~
84.0 +/-
246.0 +/~

0.34 +/~-

- 130 -

2

U W

0.02

Page 4-41

:= Spectros:opic elements for V566 Oph

Present work

-47 .4
67.0
278.0
0.38
1.57
1.95
1.40
0.34
1.74
0.24

+/=
+/-
+/~
+/-
+/=
+/-
+/-
+/=
+/-
+/=




Fig 14
RADIAL VELOCITY CURVE FOR V566 Oph
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These observations are showa in Table 16 and figure 14,
while the computed elements are given in Table 17. The
higher dispersion spectra, improved time resolution and more
data points means that these results are of much improved

accuracy when compared to those of Heard.

Once again, empirical velocity broadening functions
were derilved by deconvolving the standard spectrum from the
spectra of V566 Oph, several examples of which @ shown in
fig.15 while the measurements of the heights of the features
in the functions are given in Table 18. As can be seen from
the graphs of these measurements (see figure 16), the noise
level was such that there 1s a very large scatter. However,
the mean values were computed to be :-

P=3+/-5 8§=18+4/~7 N=7+/~5
so that the relative heights of the features are therefore
given by :-

Since V566 Oph is an A-type system and the theoretical
models represent them falrly well, it is to be expected that
the value of the mass ratio and fill-out factor derived from
Anderson and Shu”s atlas would be reasonably well

determined.
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Figure 15

Empirical Velocity Broadening Functions

for V566 Oph
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Table 18 :~ Strength of features in vbf for V566 Oph

Pl.no. Phase Prim. Sec. Neck
V4265 0.80 33 19 10
V4266 0.84 36 27 8
V4267 0.86 24 26 6
V4268 0.90 36 23 16
V4269 0.94 33 - -
V4284 0.21 25 10 0
V4285 0.25 - - -
V4286 0.29 25 13 0
V4287 0.35 35 12 0
V4299, 0.06 - - -
V4300 0.14 - - -
V4301 0.19 22 10 0
V4302 0.24 30 30 2
GA4618 0.64 21 17 12
GA4619 0.69 28 17 10
GA4620 0.74 28 10 5
GA4621 0.86 30 32 7
GA4622 0.44 30 18 -
GA4644 0.50 32 - -
GA4645 0.57 34 - -
GA4646 0.67 23 - -
GA4647 0.74 22 16 10
GA4682 0.81 35 10 -
GA4683 0.87 25 13 8
GA4684 0.96 30 18 11
GA4685 0.08 29 - -
GA4686 0.18 38 - -
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Figure 16
Measurements of the Velocity Broadening Functions

for V566 Oph

(a) Central height of Primary component
(b) Central height of Secondary component

(c) Central height of Neck of system
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Table 19 :~ Analysis «f vbf parameters for V566 Oph

Pl.no. Phase P/S N/S P+S
V4265 0.80 1.74 0.53 52
V4266 0.84 1.33 0.30 63
V4267 0.86 0.92 0.23 50
V4268 0.90 1.57 0.70 59
V4269 0.94 - - 33
V4284 0.21 2.50 0.00 35
V4285 0.25 - - -
V4286 0.29 1.92 0.00 38
V4287 0.35 2.92 0.00 47
V4299 0.06 - - -
V4300 0.14 - - -
V4301 0.19 2.20 0.00 32
V4302 0.24 1.00 0.07 60
GA4618 0.64 1.24 0.71 38
GA4619 0.69 1.65 0.59 45
GA4620 0.74 2.80 0.50 38
GA4621 0.86 0.94 0.22 62
GA4622 0.44 1.67 - 48
GA4644 0.50 - - -
GA4645 0.57 ~ - -
GAL646 0.67 - - -
GAL647 0.74 1.38 0.63 38
GA4682 0.81 3.50 o~ 45
GA4683 0.87 1.92 0.62 38
GA4684 0.96 1.67 0,61 48
GA4685 0.08 - - -
GA4686 0.18 - - -
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Figure 17

Analysis of Broadening Functions for

(a) Sum of observed strengths P+S

(b) Ratio of Primary to Secondary P/S

(c) Ratio of Neck to Secondary N/S
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The interpolated values assuming full 1limb darkening and low
gravity darkening are as follows :-—
q = 0.3 +/- 0.2

F= 0.3 +/- 0.2

Unfortunately, the errors are very large due to the
quality of the spectra and the noise present in the data
processing. However, it would appear that the thé mass
ratio 1s 1in reasonable agreement with that already derivéd,
while the degree of contact may be deeper than that for
W UMa, a W-type system. Obviously, spectra with better
slgnal to noise would be required to determine these

guantities more accurately.

Assuming the relative radlii of the components to be
( rs/rp) = 0.56 (Nagy 1974), then we may use the relation
previously derived to calculate the relative temperatures of
the components, which gives us
 Tel Ts = 0.99 +/= 0.10
It would appear that the two components have nearly
identical temperatures as s chardoteristic from photometric

analyses of A-type s#ystems (Rucinski 1974).

The light curve of this system has been well obsarved
and appears to show very little asymmetry. No significant
changes have occurred between observations several years

apart. In addition, the eclipses are total so that the
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parameters are well determined. Several light curve
solutions have been carried out (Mochnacki and Doughty 1972,
Hutchings and Hill 1973 and Nagy 1974), all of which give a
mass ratio of q = 0.23 to 0.24 which 1is 1in excellent

agreement with that determined spectroscopically.
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4.4 TZ BOO

This 1is one of the most peculiar of the W UMa systems
(along with AC Boo and AM Leo) in that the depths of the
primary and secondary eclipses interchange so rendering the
criterion for a division into A-type and W-type systems

meaningless.

A radial velocity investigation by Chang (1948)
establishea veloeity variations but he was unable to
assemble a velocity curve. A more recent study of the
system by Hoffmann (1978) was able to follow the velocity

variations of the primary component but not the secondary.

The observations presented here were made at the D.A.O.
at a dispersion of 30A/mm on the nights of 26th and 29th
March 1980, timed to coincide approximately with the times

of quadrature.

Phages were computed using the elements gilven by
Hoffmann (1978)

MIDg = 42153.369 + 0.2971637.E

Due to the very late spectral type (G6-K), the radial
velocities were nmeasured from individual lines using the
comparator technique rather then cross—=correlation which
resulted 1in very blended peaks which could not be measured

with any degree of accuracy. The 1individual observations
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are shown 1n Table 20 and figure 18 while the calculated

elements are in Table 21.

Table 20 :- Radial velocity measurements for TZ Boo

Plate no. Hel.M.J.D.
44300.0 +
86033 25.3493
86034 25.3531
86035 25.3587
86036 25.3632
86037 25.3680
86038 25.3722
86092 28.4886
86093 28.4973
86094 28.5018
86095 28.5060
86098 28.0105

Table 21 :- Spectroscopic elements

Element Unit
Ve km/8
B, kn/ 8
K2 km[s
a;s8in 1 10" km
az8in 1 10%km
a gin 1 10%km
M sin 1 Mo
Mysin 1 Mo
(M, + Mpin 1 Mo

q = M,/ M, i

Phase

COO0O0OOCOO0OO0COO
WWWWNONNSNNN
AP WHOOONUVWN

Hof fmann

+10
50
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Primary

v (km/s)

- 17
- 4
- 15
- 6
+ 4
- 15
- 54
~ 90
- 56
- 68
~ 49

for TZ Boo

Secondary

(km/s)

v

~243
=313
~299
-301
~267
~248
+185
+195

+208

Présent work

"‘3607
33.0
249.0
0.13
1.02
1.15
0.61
0.08
0.69
0.13

]
+/=
+/=
+/=
+/=
/=
/=
/=
+/=
+/=

5 (S-d-)

7

38
0.03
0.15
0.18
0.18
0.03
0.20
0.03
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Fig. 18
RADIAL VELOCITY CURVE FOR TZ Boo
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Despite the comparative lack of data, it is felt that these
observations are of better quality than those of Hoffmann,
and in particular, the detection of the secondary has
provided a much more reliable determination of the mass

ratio than the estimates made by other means.

The extreme variability of the light curve of TZ Boo
(Hoffmann 1978) has prevented the use of the light cuxrve
synthesis technique to obtain a reliable determination of
the system parameters. It would be logical to assume that
TZ Boo is in fact an extremely low mass ratio W type system
on account of this variability, rather than place it among
the low mass ratio, but stable A type systems. On this
basis, 1t 18 plausible to account for the large variations
as being due to the appearance of magnetic starspots.
Hoffmann (1980) has suggested that there is a solar-like
activity cycle of period 3.5 years, and that the spots are
formed preferentially on the surface of the primary star

near the inner Lagranglan point.

.

From other properties of the system, an estimate of
q = 0.22 +/- 0.05 was made for the mass ratio. This is

higher than was derived spectroscopically.
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4.5 XY BOO

—_———

It would appear that the observations presented here
form the first radial velocity investigation of this system,
and were made at the D.A.0. on the night of the 26th March

1980. The times of observation were again chosen to

coincide with the times of quadrature.

Phases of the system were calculated using the elements
MIDg = 42582.1769 + 0.3705466.E

obtained from the photometry of Winkler (1977).

The radial velocity standard HD 112299 (F8) was used as
the template in order to determine the radial velocities by
cross~correlation. These measurements are presented in

Table 22 and figure 19, while the resulting elements are in

Table 23 ,

The light curve of XY Boo 1is typical of that for am A
type system, showlng little or no asymmetry and appear to be
reasonably stable over long periods. Ari analysis of the
iight curve (Winkler 1977) using the Wilson and ﬁevinney
code derived a photometric mass ratio of q = 0.18 whieh 1is
in good agreement with the spectroscopic value obtained in

this investigation.
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Table 22 :~ Radial velocity measurements for XY Boo

Plate no. Hel.M.J.D. Phase Primary Secondary

44300.0 + v (km/s) v (km/s)

86027 25.3216 0.25 - 13 -

86028 25,3254 0.26 - 12 +215

86029 25.3302 0.28 - 53 +230

86030 25.3361 0.29 - 20 +230

86031 25.3389 0.30 - 14 +250

86032 25.3421 0.31 - 28 -

86054 25,5167 0.78 + 39 -220

86055 25.5219 0.79 + 20 =250

86056 25,5215 0.81 +111 ~-230

86057 25.5313 0.82 + 74 ~275

86058 25,5355 0.83 + 38 ~175

86059 25.5386 0.84 + 6 ~-255

Table 23 :~ Spectroscopic elements for XY Boo

Element Unit Present work

VO km/s g +2.1 +/" 7 (Bodo)

K, km/s 39.0 +/~ 11

Kz km[s 245,0 +/~ 58

a;sin i 10" km 0.20 4/~ 0.04

agsin 1 10 km 1.25 +/- 0.03

a sin 1 10 kin 1.45 +/«~ 0,05

M| gin 1 Mo 0.76 “'/- 0,27

Mysin 1 Mo 0.12 +/= 0.04

(M, + M)sin 1 Mo 0.88 +/- 0,27

q = M/ M, = 0.16 +/= 0.04
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Fig 19
RADIAL VELOCITY CURVE FOR XY Boo
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4.6 'TX CNC

This W-type system is I[mportant in our understanding of
the sgtructure and evolution of W UMa systems, in that it
lies below the turnoff of the Praesepe cluster of which it
is a member, implying that 1is unevolved. A  previous
spectroscoplc study has been carried out by Whelan and

Worden (1973).

The observations in this survey were obtained at the
D.A.O. on the nights of the 29th March and lst April 1980,

again being timed to coincide with quadrature.

The elements given by Hilditch (1981) were used to
calculate the phases of observation.

MIDg = 43191.2828 + 0.38288157.E

Radial velocities were measured by cross—correlating
the spectra against the standard gtar HD 112299 (F8), and
these are ghown in Table 24 and figure 20, The elements of
the system are given 1in Table 25 . When comparing the
results with those of Whelan and Worden, we are once again
in the unfortunate position of using a higher dispersion and
numerical measurément technlque, while only having a Llimited
amount of data. Consequently, the differences in the
computed elenents are due to the errors in the measurements

and B0 one 1s unable to determine which set of elements more
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nearly represents the system.

Light curve synthesis solutions for TX Cnc give mass
ratlos ranging from ¢ = 0.50 to 0.62 depending upon the
adopted parameters. This 1is consistent with the fact that
it has a low inclination and so the mass ratio is poorly
determined photometrically. This system, unlike most other
W types, displays 1little asymmétry In its light curve so
that either there is little activity or it is uniformly

distributed over the surface.
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Table 24 :- Radial velocity measurements for TX Cnc
Plate no. Hel.M.J.D. Phase Primary Secondary
44300.0 + v (km/s) v (km/s)
86069 28.3189 0.69 - 55 +194
86070 28.3224 0.70 - 34 +240
86071 28.3255 0.71 - 74 +190
86072 28.3283 0.72 - 93 +197
86073 28.3311 0.73 - 78 +195
86121 31.2138 0.25 +130 -172
86122 31.2197 ~ 0.27 + 65 -135
86123 31.2252 0.28 + 90 -100

Table 25 :- Spectroscopic elements for TX Cnc

Element Unit Whelan & Worden Present work
Vo km/s +26.6 +/- 3 29.0 +/- 6 (s.d.)
K, km/s 117.3 +/~ 3 9.0 +/~ 8
Kz km/s 189.8 +/-4 181.0 +/- 11
a,sin 1 10°km  0.62 +/= 0.02 0.51 +/= 0.04
azsin 1 lqakm 1.00 +/~ 0.02 0.96 +/~ 0.06
a sin i 10 km 1,62 +/~ 0.04 1.47 +/= 0.07
M,sin 1 Mo 0.71 +/- 0.04 0.56 +/- 0.07
M.sin 1 Mo 0.44 +/~ 0.03 0.30 +/~ 0.06
M,+ MJsin 41 Mo 1.15 +/= 0.05 0.86 +/- 0.09
q = M./ M, - 0.62 +/= 0.04 0.53 +/- 0.06
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Fig 20
RADIAL VELOCITY CURVE FOR TX Cnc
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4.7 RZ COM

The last spectroscoplc investigation of this system was
by Struve and Gratton (1948) who obtained the radial
velocity curves for both components, although the quality of
the orbit obtained was rather poor due to the long exposure

times and relatively low dispersion spectra (76A/mm).

Several observations of this star were made on the
nights of 26th and 29th March 1980 at the D.A.0. around the
times of quadrature which were calculated using the
ephemeris given 1in the Seventh Catalogue of the Orbital
Elements of Spectroscopic Binary Systems (Batten et al,
1978).

MIDg = 25005.109 + 0.3385.E (epoch Ty)

Due to the late spectral type, the radial velocities
were determined by measurements of individual lines using
the simulated ' comparator technique. 'The results are
presented 4n Table 26 and figure 21, while the calculated
elements are in Table 27. Once again, it is felt that the
better quality spectra and improved time resclution means
that the elements of the system are more accurate than those

of Struve and Gratton.
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Table 26

Plate no.

86049
86050
~ 86051
86052
86078
86079
86080
86081
86082

Page 4-63

:= Radial velocity measurements for RZ Com

Hel.M.J.D.

44300.0 +

25.4877
25.4919
25.4954
25.5058
28.3836
28.3867
28.3895
28.3929
28.3964

Phase

.

COO0OO0OOO0OO0OOO0O
NN NINNNNSNSNS
we~NcOTuUSN=O

Primary

v (km/s)

- 38
- 42
- 85
-112
+125
+ 67
+ 99
+141
+110

Table 27 :— Spectroscopic elements for RZ Com

Element

Vo

K

Kz

a, sin
az8in
a sin
M, 8in
M;_Bin
M, + Mgin 1
q = M./ M,

T el

Unit

km/s
km/s
km/s
10“km
10" km
10 km

Struve & Gratton

12
130
270

0.48
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Secondary
v (km/s)

+220
+225
+218
+243
=245
-267
-~251
~250
~237

Present work

- 1.8
107.0
248.0
0.50
1.16
1.66
1.10
0.48
1.58
0.43

+/~ 5 (8.d.)
+/~ 6

+/= 9

+/= 0.03
+/= 0.05
+/= 0.06
+/= 0.09
+/= 0.05
+/= 0.03




Fig 21
RADIAL VELOCITY CURVE FOR RZ Com
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Light curves obtained by Broglia (1960) shows that this
system varies in a similar to many other W rype systems,
showing marked asymmetry and short timescale vafiability.
Binnendijk (1964) has interpreted the changes to be due to
the appearance of dark spots on the inmner hemisphere of the
primary. This would conform to the spot model for W type
systems described earlier, and provides further support for

its validity.

Light curve synthesis solutions obtain a mass ratio of
q = 0.42~0.43 (Wilson and Devinney 1973, Binnendijk 1977)
which is in very good agreement with the spectroscopic
value. This was an unexpected result since the two

determinations nearly always differ for W type systems.
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4.3 €C coM

This system has the shortest known period ol ihis class
of ob ject, and as such lies at the low-mass and
low-temperature end of the contact binary sequence. A
photometric and spectroscopic investigation of CC Cowm by
Rucinski (1976) and Rucinski et al (1977), has shown that
this is a typlcal W-type system so establishing the
continuity of properties along tﬁe sequence down to a

spectral type of mid-K.

The ephemeris given by Rucinskil (1976)
MIDa = 42467.33070 + 0.2206842.E
was used to compute the phases of the observations made
during this study on the nights of 26th, 27th March and lst

April 1980.

Crosscorrelation of the spectra was once again unable
to provide velocity measurements due to the severe line
blending of many lines in this K type spectum,
Consequently, the comparator technique was used to measure
the velocities of individual metallic lines in the spectra.
The observations, whlch were made around quudrature, are
presented in Table 28 and figure 22, while the computed
elements are in Table 29. Comparing the results obtained
with those of Rucinski et al, it is again clear that there

are still significant errors in measurement. The main
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problem in this work was the relatively low number

Page 4-67

of data

points so that the higher dispersion has not improved the

elements of the system.

Table 28 :~ Radial velocity measurements for CC Com

Plate no. Hel.M.J.D. Pha

44300.0 +
86046 25.4493 0.
86047 25.4632 0.
86048 25.4760 0.
86064 28.2659 0.
86065 28.2777 0.
86066 28.2874 0.
86067 28.2961 0.
86126 31.2599 0.
86127 31.2737 0.
86128 31.2849 0.
86129 31.2935 0.

se

NN EENOO OO
WO, NWSN W=

Primary

v (km/s)

-114
- 40
- 47
- 59
-123
- 63
- 84
+ 55
+101
+ 96
+147

Table 29 :~ Spectroscoplc elements for CC Com

Elenent Unit

Vgp km/s -10t4
K. km/8 122.0
Kz km[s 235.9
a;sin 1 10" km 0.52
a;sin 1 10° km 0.57
a sin 1 10“km 1.09
M,sin i Mo 0.69
M,sin 1 Mo 0.36
(M,+ Mpein i Mo 1.05
q ™= M\/ M. - 0.52

- 16

Rucinski et al

+/=
dofw
+ /=
o/
hf =
+/=
2
+/-
Y
&

0 -

coocoCcoocoouLd
WSO NS

OCOoOCOCOCOoOPsuLn

s * & =

Secondary

(km/8)

v

+217
+226
+149
+154
+193
+191
+224
-205
-233
=244
~241

Present work

e 0.3 +/"' 6 (ﬂsdo)

113.0 +/~ 9
241.0 +/-

0,34
0.73
1.07
0.69
0.32
1.01
0.47

+/-
+/=
+/=
[
+/=
+/~
+/=

16

0.03
0.05
0.06
0.09
0.04
0.10
0.04




Fig 22
RADIAL VELOCITY CURVE FOR CC Com
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In conjunction with the spectroscopic observations
described by Rucinski et al (1977), a photometric light
curve was obtained and anmalysed by Rucinski (1976). The
inclination of the system is almost exactly 90 so that the
solution should be well determined. This resulted in a mass
ratio of q = 0.52 , slightly higher than obtained in this
work but in good agreement with the previous spectroscopic
investigation. Rucinski also derived a relative Eemperature'
difference of X = 0.05 which 1s typical for many W type
systems. If one explalns this as starspots on-the primary,
then a slight excess 1is required 6n the tralling side in
order to account for the failnter maxima following primary
minimum. This is in contrast to that found for W UMa where
the second maxima was the fainter one. Further evidence for
magnetic activity on CC Com was the occurrence of an
increase 1in the UV excess by 0.25 magnitudes for a short
period, which was interpreted as being due to sBome sort of

atmospheric emissaion phenomenon.
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4.9 Y SE

The observations of this system during this work
represent the first spectroscopic study of this A-type
contact binary. Spectra were obtained on the night of the
lst April 1980, again being timed to coincide with the

quadratures of the system.

The phases were computed using the ephemeris
MIDg = 39521.964 + 0.41981543.%

given by Hill (1979).

Radial velocitiles were determined by cross—~correlating
the binary star spectra with the radial velocity standard HD
112299 (r8). The resulting measurements ae shown 1in Table

30 and figure 23, the calculated elements being in Table 31.

The 1light curve for Y Sex has been obtained and
analysed by Hill (1979) who derived a photometric maas ratio
of q = 0.18 in excellent agreement with the spectroscopic
value. It should be noted that thetre are small asymmetries
in the light curve and there is evidence that a change has
taken place over the past 20 years, ilndicating that activity

i atill present in this A type systam.
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Table 30 :~ Radial velocity measurements for Y Sex

Plate no. Hel.M.J.D. Phase Primary Secondary
44300.0 + v (km/s) v (km/s).
86115 31.1737 0.73 + 20 -215
86116 31.1790 0.75 + 45 -225
86117 31.1838 0.76 + 22 -170
86118 31.1904 0.77 + 80 =190
86119 31.1960 0.79 + 40 -
86120 31.2022 0.80 + 5 -
86142 31.3873 0.24 = 37 +240
86143 31.3921 0.25 ~ 40 +215
86144 31.3977 0.27 = 35 +250

Table 31 ;- Spectroscopic elements for Y Sex

Element Unitc Present work
Vo km/s + 9.8 +/~ 6 (s.d.)
K, km/s 40.0 +/- 8
Kz km(s 218.0 +/= 31
a,sin 1 10 km 0.23 +/- 0.05
a;sin 1 IO:km 1.26 +/- 0.18
a sin 1 10 km 1.49 +/- 0.19
M; sin 1 M(b 0.63 +/"' 0a 16
Mlsin i Mu 0;11 +/" 0-02
M, + MJyein 1 Mo 0.74 +/~ 0.16
q = My/ M, - 0,18 +/= 0,03
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Fig 23
RADIAL VELOCITY CURVE FOR Y Sex
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4.10 VW CEP

This system has been the sub ject of extenslve
photometric investigations since the light curve is higuly
variable. The results of a two-year 1nt;rnational campaign
lias been summarised by Kwee (1966). More recently however,
special interest has been attached to VW Cep when Dupree
(1978) found high excitation far ultra-violet lines in IUE
spectra, while Cruddace (1978) has reported a low level soft.
X-ray source for which this system is the only “peculiar”
object contained within the position error box. Hershey
(1975) has shown that VW Cep is a triple system, with the
third component moving in a highly eccentric orbit of period
30 years, so that it is far enough away to have a negligible

tidal or thermal influence on the contact components.

Spectra were obtained of VW Cep on the nights of the
19th, 20th and 24th August 1980, and by colncidence, was
observed photometrically on the nights of the 19th, 2lst,
25th and 26th by Linnell (1981) uging the Automated Filter
Photometer at Kitt Peak. Interestingly, he noted <that the
timeés of the minima varied with the passband of observation

and I shall return to this fact later,
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The phases were calculated using Linnell”s time of
primary wminimum as observed in the B band (corresponding
approximately to the wavelength region observed
spectroscopically) and the period given by Hopp et al
(1979).

MIDp = 44470.2785 + 0.27831481.E

The motion of the triple system around the common
centre of gravity does affect the observed times of minimum
of the eclipsing system. The light time correction for the
orbltal motion has been computed for the time of observation
by Linnell using the orbital elements of Hershey. This
correction, added to the heliocentric time of observation

was -0.01453 days.

Unfortunately, the 1light of the third component
contaminates both the observed light curve and the spectrum
of the system m;king analysis complicated. Crosscorrelation
functions of the spectra with a standard star contained a
triple peak which were strongly blended together 8o that
radial velocity measurements obtained th;s way were of
uncertain accuracy. In order to try and obtain the radial
velocities, simulated comparator measurements were made of
the spectra with care being taken to avoid the lines due to

the third component.
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Table 32

Plate no.

GA4624
GA4625
GA4630
GA4631
GA4632
GA4633
GA4634
GA4635
GA4636
GA4637
GA4638
GA4689
GA4690

Elemen

Vo
Ky
Kz
a;sin
arsein
a sin
M, 8in
Mtsin

(M; + M‘l)sin 1

Page

:= Radial velocity measurements for VW Cep

Hel.M.J.D.
44400.0 +

71.0396
71.0654
71.8521
71.8821
71.9054
71.9258
71.9583
72.0033
72.0258
72.0513
72.0742
76.0542
76.0917

Phase

0.68
0.78
0.60
0.70
0.79
0.81
0.98
0.15
0.23
0.32
0.40
0.70
0.84

Primary
v (km/s)

- 26
- 53
- 3
- 74
- 71
55
15
33
62
47
53
62
54

t

b+ 4 + 4

i

Table 33 :~ Spectroscopic elements for VW Cep

t

i
i
1
i
i

q=- M./

M,

Unit

km/s
km/s
km/s
10%Kkm
10°km
10%km
Ma
Mo
Mo

Binnendi jk

+10
90 +/~ 2
220 +/- 3

0.34

0.84

1.18

0.61

0,25

0.86

0.41
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Present

4-75

Secondary
v  (km/s)

+209

+222
+197
+182

=232
~243
~181
+198
+219

work

~10.3 +/~ 6 (s.d.)
64.0 +/- 8

238.0 +/-~ 20

0.25 +/= 0.03

0.92 +/- 0.07
1,17 +/- 0.08

0.63 +/= 0.04

0.17 +/~ 0.07
0.80 +/- 0.08
0.27 /-~ 0.03




Fig. 24
RADIAL VELOCITY CURVE FOR VW Cep
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The velocities measured are given in Table 32 and figure 24,
although it must be stated that the effect « the third
component will have distorted the results. The resulting

elements are presented in Table 33.

There have been two previous spectroscopic
investigations of VW Cep, by Popper in 1948 and #sinnendi jk
in 1967. The usual difficulties in wmeasurement and line
blending, possibly aggravated by the presence of the
previously unknown third component, resulted in large

differences in the elements.

Once again empirical velocity broadening functions were
computed from the spectra by deconvolving the standard
spectrum (sec figure 25)., The third component 18 clearly
detected, often distorting the spectrum lines . However, it
proved to be easler to measure the velocities of the two

wmain components from these broadening functions so that a

mote reliable determination of the elements could be wade.

These veloclties are glven in Table 34 and fig. 26, while

the new set of spectroscoplc elements are presented in Table
35, If one compares these to those derived previously, the

effect of the third componeént has obviously been severe.
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Figure 25
Empirical Velocity Broadening Functicns

for VW Cep
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Table 34 :- Radial velocity measurements for VW Cep from vbf
Plate no. Hel.M.J.D. Phase Primary Secondary
44400.0 + v (km/8) v (km/8)
GA4624 71.0396 0.68 - 82 +207
GA4625 71.0654 0.78 -100 +278
GA4630 71.8521 0.60 - 68 +161
GA4631 71.8821 0.70 ~146 +257
GA4632 71.9054 0.79 -107 +268
GA4633 71.9258 0.81 - 93 +232
GA4634 71.9583 0.98 + 43 -
GA4635 72.0033 0.15 +100 -150
GA4636 72.0258 0.23 +136 -229
GA4637 72.0513 0.32 +150 =271
GA4638 72.0742 0.40 + 11 ~168
GA4689 76.0542 0.70 - 15 -
GA4690 76.0917 0.84 ~-171 +225

Table 35 :- Spectroscopic elements for VW Cep

Element

Mlﬂin i
M, + Mysin 1
q = M/ M,

Unit

km/s
km/s
km/s
10%km
' 10':km
10 km
Mo
Me
Mo

Present work

+ 2.7
126.0
261.0
0.69
1.44
2.13
1.62
0.78
2.40
0,48
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+/= 9 (a.d.)
+/~ 13

+/= 21

+/= 0.04
+/- 0.06
+/= 0.08
+/~ 0.07
+/=~ 0.15
+/=~ 0.06




Fig 26
RADIAL VELOCITY CURVE FOR VW Cep
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The heights of the broadening functions were found to
vary 1In a similar manner to those of W UMa in that the
primary lines were weaker at lst quadrature than at 2nd
quadrature, while the secondary lines remained fairly
constant although there 1is a large scatter in the
measurements (see Table 36 and figure 27). These
measurements were used to derive estimates of the mass ratio

and degree of contact.

lst quad. 2nd quad.
P/S 1.15 +/- 0.32  1.37 +/- 0.38
N/S 0.01 +/- 0.06 0.17 +/- 0.06
q 0.80 +/- 0.30 0.50 +/~ 0.10 '
F ~0.10 +/- 0.30 0.30 +/~ 0.20

It is important to note here that these values of q and f
were derived using full 1limb darkening and radiative gravity
darkening law (i.e. P =0.25) as this was the only way of

obtaining a fit to the very low value of N/S.

As In the case of W UMa, the system parameters derived

from the observations at second quadrature seem to agree
with those obtained by other methods, while those from lat

quadrature dppear to be anomalous.
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Table 36 :- Strength of vbf features for VW Cep

Pl.no. Phase Prim. Sec. Neck
GA4624 0.68 50 30 5
GA4625 0.78 53 50 10
GA4630 0.60 56 28 24
GA4631 0.70 58 50 4
GA4632 0.79 63 53 12
GA4633 0.87 60 52 18
GA4634 0.98 93 - -
GA4635 0.15 44 28 -
GA4636 0.23 44 45 -3
GA4637 0.32 45 53 5
GA4638 0.40 40 33 23
GA4689 0.70 48 - -
GA4690 0.84 38 28 -

Table 37 :- Variation of vbf parameters for VW Cep

Pl.no. Phase P/s N/S P+S
GA4624 0.68 1.67 0.17 80
GA4625 0.78 1.06 0,20 103
GA4630 0.60 2.00 0.86 84
GA4631 0.70, 1.16 0.08 108
GA4632 0.79 1.19 0.23 116
GA4633 0.87 1.15 0.35 112
GA4634 0.98 - - 93
GA4636 0.23 0.98 ~-0,07 91
GA4637 0.32 0.85 0.09 98
GA4638 0.40 1.21 0.70 73
GA4689 0.70 - - ~
GA4690 0.84 1.36 - 66
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Figure 27
Measurements of the Broadening Functions

for VW Cep

(a) Central height of Primary component
(b) Central height of Secondary component

(c) Central height of Neck of system
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Figure 28
Analysis of Broadening Functions

for VW Cep

(a) Ratio of Primary to Secondary P/S
(b) Ratio of Neck to Secondary N/S

(c) Sum of observed strengths P+S
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A temperature of 5500°K was adopted for the system from
the observed spectral type. A mass ratio of 0.5 would give
the relative radii of the components to be rp/rg = 1.32 so
that wunder the uniform profile assumption the relative
temperature of the components could be derived.

lst quad. 2nd quad.
To/ Ts 0.96 +/- 0.06 1.01 +/- 0..06
Ty~ Tp 200 +/- 300 =50 +/- 300

" ary Tp 0.04 +/- 0.06 -0.01 +/- 0.06

The temperature excess found at 1lst quadrature is again
typical of that derived from photometric analyses of W~type
systems, while the apparent equality of the temperatures at
2nd quadratures 1s also striking, despite the large errors

involved.

A direct comparison of the temperatures, fill-out
factor and gr;vity darkening values obtained with previous
photometric results is not possible since the mass ratio was
not accurately known. For this reason, a published light

curve was reanalysed using Rucinskl”a synthesis code with

the mass ratio fixed at the new spectroscopic value.

It should be 1#oted that this system has a highly
variable 1light curve so that in the absence of a “true”
light curve it was felt that any set of observations was

adequate for this purpose. Ideally, the 1light curve
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obtained by Linnell (1981) should be employed, this being
the most likely to relate to the observed spectral changes,
however, it was not available at the time of writing. The
observations adopted were those for the V band presented by
Kwee (1966), and once again the two halves of the 1light
curve were solved separately. Prior to the analysis, the
light from the 3rd component (Am = 2.9 : Heintz 1975) was

removed from the observations.

The mass ratio was fixed at the spectroscopic value of
0.48, while the fill-out factor was taken to be 0.80, the
mean value derived from the veloclty broadening functions.
Orbital inclination was taken to be 65 from the analysis by
Cristescu et al (1979). A reference temperature of 5500° K
was adopted from the (b-y) colour (Rucinski and Kaluzny
1981) using the calibration with effective temperature given
by Popper (19805, and no temperature excess of the secondary
was assumed. Initially, the gravity darkening was set to
‘2-0, and the albedo was again fixed at A=Q.,5 following
Rucinski (1969). The final results after several iterations

are given in Table 38.
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Table 38 :~ Light curve synthesis results for VW Cep

Initial Values :

q = 0.48
f = 0.80
1 = 65.0

Solution for phases 0.0 to O.

Free parameters
£f18X

18X

£1

fi1X

18

iX

Solution for phases 0.5

Free parameters
fi1pX

18X

£18

f1X

1P

iX

£

0.92

0.80

£

P-CJPﬂP'i
[V |

~ ~
. . j=

~l

~
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550
0.0
0.0
0.5

to 0.0 ¢~

i
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~
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0“K
0
0

B

0.43
0.05
0.28
0.02
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0.05
0.05

0.28
0.02
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0.045
0.007
0.040
0.008
0.040

0.036
0.007
0.040
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0.138
0.013
0,135
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0,120

0.131
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It appears that the asymmetry in the light curves has
resulted in a large difference in the derived tcmperature
excess which varied from 135°K to 500°K ! The inclination
was once again well defined in ali solutions but at a higher
value than the previous analyses which assumed a lower mass
ratio. It 1is dimportant to note that the value of the
gravity darkening is large, about the radiative value of
0.25 in agreement with that required by the broadening
functions. This is surprising since the temperature of the
system is fairly low so that convection would be expected to
be more important. As in the case of W UMa there 13 a
correlation between the value of the gravity darkening and
the fill-out factor. However, the usual trend in these
solutions was to increase g and so decrease the degree of

contact.

A recent study of the colour changes displayed by
VW Cep  (Linnell 1980) has establlshed that the two
components are in very good thermal equilibrium so that the
temperatures of the stars are nearly equal. In many ways
the system displays similar properties to W UMa. A
weakening of the primary component”s lines at the brighter
maximum by the amount predicted from photometric temperature
excess, while the relative line strengths at 2nd quadrature
give nearly equal temperatures under the unlform ﬁrofile

assumption. On the other hand, there are marked differences
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such as the larger gravity darkening and the large change in
the apparent temperature excess between the two halves of

the light curve.

As 1s typical of many W type systems VW Cep shows a
highly variable 1light curve with the height of both maxima
and minima varying. In addition, the minima often appear
asymmetric. These effects have been interpreted by van“t
Veer (1973) as due to hot gas flowing from large optical
depths to the envelope 1n the region of the inner Lagrangian
point, with the differing heights of the maxima being due to
unequal emission on the two sides of the system. If this
view is adopted then the spectroscopic variations could once
again be interpreted as a region of higher temperature on
the trailing side of the primary (see Table 39 and figure
.29). This would however, be in contradiction with the light
curve synthesis wbich established a temperature excess of

the secondary.

Table 39 :- Temperature dependence of vbf for standard star

Sp Temp. °K H
F5 6455 19
G5 5780 42
K5 4295 71

- 186 ~




Fig 29

TEMPERATURE DEPENDENCE OF VBF
USING GI STANDARD SPECTRUM

H 100 . .
75 | !
50 | d
% | |
4000 5000 6000 7000

Temp.°K



ANALYSIS OF INDIVIDUAL SYSTEMS Page 4-91

Let us now consider the starspot model as a possible

explanation of the observations. The drop in the primary
components flux resulted in a temperature excess of X = 0.04
obtained from both the velocity broadening functions at lst
quadrature and the light curve synthesis of the first half
of the 1light curve. This 1s similar to what was found for
W UMa. A larger drop in the flux was found from the second
half of the 1light curve, while the uniform profile
assumption has to break down and the primary components

lines must be enhanced by some means.

The required spot sizes and resulting magnitude changes
are given 1in Table 40 for a range of spot temperatures.
Obviously, there 1s a large non—-uniformity in the
distribution of the spots over the primary components
surface. These results imply that the inner hemisphere of
the primary is approximately 50% covered in spots, while the
other side is okly about 20% obscured. It is interesting to
note that the effect of such a apot distribution would gilve
the appearance of large gravity darkening as was found., The
underlying physical cause of such a distribution can only be
speculated at since there is no theory to describe magnetic

fields in contact binaries.
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T

T

Table 40
= 5500°K X = 0.04
T°K A A m(p)
2000 0.16 0.19
2500 0.17 0.20
3000 0.18 0.21
3500 0.19 0.21
4000 0.22 0.22
4500 0.29 0.23
5000 0.51 0.23
= 5500°k X = 0.12
L i 5 A Om(p)
2000 0.49 0.73
2500 0.50 0.75
3000 0.53 0.80
3500 0.57 0.83
4000 0.67 0.89
4500 0.87 0.92

i~ Magnetic Starspots for VW Cep

Om

0.12
0.13
0.13
0.14
0.14
0.15
0.15
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The stronger lines in the primary component”™s spectrum
at 2nd quadrature must occur in a similar wanner to that of
W UMa but the effect 1is not quite so large implying a
smaller extension of the envelope. Using the relationship
between the ratio of line absorption coefficient to opacity
and surface gravity, one can calculate that thé mean surface

gravity must drop from log g = 4.43 (Rucinskl and Kaluzny

1981) to log g= 4.20 .

Once again though, the strengthening of the lines has
almost exactly offset the drop in the flux due to the spots,
Is this another coincidence or 1s there some relation
between the depth of the envelope and the spot activity, or

even that the starspot model is incorrect ?

It is, of course, difficult to dinterpret the 1light
curve and spectrum changes when the observations were not
made simultaneously sinte the possibillity exists that one or
either of the series of observations has been modified by
gome actlvity on the system, For example, Linnell”s (1981)
photometry indicated a slight colour change which implied a
higher source temperature on the s8ide following primary
minfimum 1in disagreement with the norm for the system
(Linnell 1980). In addition, he noted that the time of
minimum depended on the passband of observation., Primary

ninimum comes first in U followed by B, V, R and I with an
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interval of about 60 seconds between U and I. This sequence
is reversed for secondary minimum while the time range
increases to 150 seconds. Such a phenomenom can be
1ntefpreted as being due to an asymmetry in the system which
distorts the shape of the minima. This may be either
increased emission at 1st quadrature due to  higher
temperature/mass flow, or 1in contrast, an excess of
starspots on the other side of the primary. Much more
combined observations are needed to try and resolve this

situation.
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4.11 ER VUL

Thlis system was observed on the basis of its
classification given 1in the General Catalogue of Variable
Stars which was used to compile a 1list of systems which
could be observed. It is now c¢lear however, that it is a
detached system with the characteristic EW light curve being
due to the fact that the two components are of nearly equal

mass (Al-Naimiy 1981).

Spectroscopic observations of ER Vul were made on the
nights of the 2lst, 22nd, 23rd and 24th August 1980 with the
OHP 152cm coude spectrograph at a dispersion of 20A/mm.
Phases were calculated with the elements

MIDg = 43730.8679 + 0,698082.E

taken from the photometry by Al-Naimiy (1978).

The radial velocities were determined by
cross—correlating with the spectrum of the standard star HD
204867 (Gl). It was immediately obvious that the peaks in
the function, and hence the spectral lines, were much
narrower than those previously obtained for contact systems,
implying a lower rotational velocity. Consequently, the
velocities could be measured with a greater degree of
accuracy. These measurements and the derived spectroscopic

elementsg are presented in Tables 41 and 42 and fig. 30.
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Table 41 :— Radial velocity measurements for ER Vul

Plate no. Hel.M.J.D. Phase Primary Secondary
44400.0 + v (km/s) v (km/s)
GA4654 73.0654 0.20 -146 + 92
GA4H55 73.0904 0.23 ~156 +115
GA4656 73.1125 0.26 -163 +113
GA4659 73.8304 0.29 -169 +117
GA4660 73.8613 0.34 -147 + 87
GA4661 73.8929 0.38 -100 + 92
GA4662 73.9271 0.43 - 86 + 59
GA4663 73.9592 0.48 - 16 -
GA4664 73.9917 0.52 - 20 -
GA4665 74,0229 0.57 - 22 -
GAL666 74.0500 0.61 + 72 - 81
GA4667 74.0750 0.64 + 56 ~126
GA4672 74,8300 0.72 + 99 =164
GA4673 74.8583 0.76 +125 ~148
GA4L674 74.8992 0.82 +103 -152
GA4675 74.9408 0.88 + 75 ~117
GA4676 74,9813 0.94 + 38 - 81
GA4677 75.0250 0.00 -~ 26 -
GA45678 75.0613 0.05 ~- 14 -
GA4688 76.0292 0.44 - 96 + 49
Table 42 :- Spectroscopic elements for ER Vul
Element Unit Northcott & Bakos Present work
Vo km/s ~25.2 +/= 0.8 =22.9 +/~ 3 (s.d.)
K, km/s 138.5 +/= 1.4 136.0 +/~ 4
KL km/s 149‘3 +/"" 1-4 139.0 +/"‘ 2 .
a;sin 1 10°km  1.33 1.31 +/= 0.04
aysin i 10°km  1.43 1.34 +/- 0,03
a sin i 10°km 2,76 2.65 +/= 0.05
M,8in 1 My 0.89 0.76 +/~ 0.03
Mlsin i Mo 0.83 0.75 ""/"" 0.04
M, + Mpsin Mo 1.08 1.51 +/=~ 0.05
q = M,/ M, - 0.93 +/- 0.02 0.98 +/~ 0.05
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Empirical velocity broadening functions were also
computed (see figure 31), initl:ily to compare a contact
with a detached system. However, it socon became clear that
there were variations in this system also. This is perhaps
not so surprising when one considers the fact Lhat there is
intrinsic wvariability which distorts the light curve, and
variations In the sharpness of the spectral lines has been

reported (Northcott and Bakos 1956,1957).

Measurements of the functions (Table 43) show that
while the strength of the secondary lines remains fairly
constant, the primary was weaker at 2nd quadrature relatiYe
to 1st quadrature. The 1light curves of the system
(Northcott and Bakos 1956,1967) show that the maximum
following secondary minimum is lower corresponding with the
decrease In the strength of the primary components lines.
This 1s in contrast to the contact systems where the

increased maximum occut's when the primary components lines

are weaker,
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Figure 31

Empirical Velocity Broadening Functions

for ER Vul
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Table 43 :- Strength of vbf features for ER Vul

Pl.no. Phase Prim. Sec. Neck
GA4654 0.20 27 12 3
GA4655 0.23 20 17 -1
GA4656 0.26 15 20 1
GA4659 0.81 30 26 1
GA4660 0.34 29 17 -1
GA4661 0.38 24 12 8
GA4662 0.43 21 26 -
GA4663 0.48 29 - -
GA4664 0.52 32 - -
GA4665 0.57 22 - -
GA4666 0.61 26 - -
GA4667 0.64 15 24 8
GA4672 0.72 18 15 1
GA4673 0.76 8 15 0
GA4674 0.82 19 12 2
GAA4675 0.88 14 20 3
GA4676 0.94 11 17 9
GA4677 0.00 36 - -
GA4678 0.05 33 - -
GA4688 0.44 20 22 17
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Figure 32

Measurements of Broadening Functions

for ER Vul

(a) Central height of Primary component

(b) Central height of Secondary component

(c) Central height of Neck of system
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Table 44 :— vbf parameters for ER Vul

Pl.no. Phase P/S N/S P+S
GA4654 0.20 2.25 0.25 39
GA4655 0.23 1.18 -0.06 37
GA4656 0.26 0.75 -=0.05 35
GA4659 0.29 1.15 0.04 56
GA4660 0.34 1.717  ~0.06 46
GA4661 0.38 2.00 0.67 36
GA4662 0.43 0.81 = 47
GA4L663 0.48 = ™ 29
GAL664 0.52 = = 32
GA4665 0.57 = = 22
GA4666 0.61 E = 26
GA4667 0.64 0.63 0.33 39
GA4672 0.72 1.20 0.07 33
GA4673 0.76 0.53 0.00 23
GA4674 0.82 1.58 0.17 31
GA4675 0.88 0.70 0.15 34
GA4676 0.94 0.65 0.53 28
GA4677 0.00 = = 36
GA4678 0.05 = = 33
GA4688 0.44 0.91 0.77 42
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Analysis of Broadening Function

for ER Vul

(a) Sum of observed strengths P+S
(b) Ratio of Primary to Secondary P/S

(c) Ratio of Neck to Secondary N/S
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Measurements of the broadening functions around the two

quadratures gives the following results :-

lst quad. 2nd quad.
P 24 +/- 6 14 +/- 4
S 17 +/- § 16 +/- 3
N 0 +/- 2 1 +/~ 2
P/S 1.4 +/- 0.5 0.9 +/- 0.3
N/S 0.0 +/- 0.2 0.1 +/=~ 0.2

Obviously, the atlas of Anderson and Shu cannot be used
to estimate the mass ratio and fill-out factor since the
system 1s detached and the components are not in thermal
equilibrium. Clearly, the very low value of the ratio N/S

supports the view that the components are not in contact.

‘The temperature of the components derived from their
gpectral types and photoumetry are 6000 K for the primary and
5570°K for the secondary, This 1s a sufficiently large
difference for the change in the appearance of the spectrum

to change i.e. the uniform profile assumption in invalid.

This star has been liatéd by Hall (1976) in the table
of sehort period group of RS CVn binaries, and the Ca II H
and K lines have been observed in emission by Bond (1970).
In addition, thig system shows variability in the levels of
light outside eclipsé and in the depth of secondary minimum.

Magnetic starspots which are believed to be characteristic
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of RS CVn systems would appear to be the most probable

explanation of these features.

Since the height of the velocity broadening function is
proportional to the flux which is equivalent to the fourth
power of the effective temperature, it can be shown that

X= A1t/ T=(rF-pPY/ p"
Taking P, = 24 and P, = 14, the relative temperature change
of the primary if spots are present is X = 0.126 . If we
adopt a temperature of 5900°K derived from the (b-y) colour
(Hilditch and Hill 1975), this gives a drop in effective
temperature of 740°K due to the presence of spots on the
trailing side of the primary. Table 45 shows the relative
area of spots and the corresponding magnitude variations for
various spot temperatures. The magnitude variation on the
combined light was computed wusing the mass =~ luminosity
relation given.by Popper (1980). It 1s clear that about 50%
of this side of this systéem would have to be spotted and
that the expected magnitude variation between the maxima
would be about 0.4 magnitudes. Since the observed
difference 1is only about 0.01=0.02 magnhitudes this

explanation 18 obviously in error.
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Table 45 :~ Magnetic starspots for ER Vul

T A O m(p) Am
2000 0.42 0.61 0.44
2500 0.43 0.61 0.46
3000 0.45 0.63 0.48
3500 0.45 0.63 0.48
4000 0.53 0.63 0.48
4500 0.63 0.58 0.43
5000 0.86 0.43 0.30

Alternatively, there may be a gas stream from secondary
to primary so that there 1s additional material obscuring
the tralling side of the primary. This would result in the
velling of this components spectral lines as 1is typical of
such streams (Sahade and Wood 1978), It has  been
established that the gas 1n such streams are nearly
completely ionised s0 that Thomson scattering by free
electrons will 1lower the height of the maxima as i¢
observed:. A ty;ical gas Btream has a density of about
10|3partic1es/cm (Batten 1973) which can produce a drop of
0.1 magrnitudes, so that the observed drop can easlly be
produced with a less dense'stream or only part of the disc

obscured. 1t is apparent, therefore, that a gas stream is a

more plausible explanation of the variations in this system.
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CHAPTER 5

"CONCLUSION

5.1 MASS RATIO DISCREPANCY

In this investigation, radial velocity curves for 10
contact systems have been determined which has enabled a
measurement of the spectroscoplc mass ratio. A comparison
of these results with the photometric mass ratios is given

in table 46.

Table 46 = Comparison of ¢(ph) and q(sp)

Star Type q(ph) q{sp)
XY Boo A 0.18 0.16 +/- 0.04
V566 Oph A 0.23 0.24 +/=- 0.03
Y Sex A 0.19 0.18 +/= 0.03
AW UMa A 0.08 0.07 +/=~ 0.02
TZ Boo W - 0.13 +/- 0.03
CC Com W 0»52 0047 +/"' 0.04
VW Cep W 0.53 0.48 +/=- 0.06
W UMa W 0.42 0.52 4/~ 0,03
RZ Com W 0.43 0.43 +/- 0.03
TX Cnc W 0.57 0.53 +/~ 0.06
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There is good agreement between the values for all of the A
type systems implying that the models of such systems are
fairly representative. On the other hand, the results for
the W type systems are not in quite such good agreement,
probably due to the 1inadequacy of the models used to
interpret the light curves as seen by the analysis of W UMa
and VW Cep earlier in this work. It seems most iikely that
the higher degree of activity 1in the W type systems,
indicated by the asymmetries and variability of the 1light
curves iInfluences the photometric solution to some extent.
The lower level of activity for the A type systems does not

cause such problems in the analysis.

It is not possible to explain the differences as an
effect of eclipse and tidal distortion on the line profiles
(Hutchings 1973) since the effect 18 not significant for the
metallic lines which were used in the measurements. Another
suggestion is chat an abgorbing gas stream between the
binary star and the observer (van”t Veer 1977) would
systematically displace the centre of gravity of the line
profiles produced by the approaching component to shorter
wavelengtlis. This view is not supported by the valocity
broadening functions as they did not show & feature

producing any asymmetry in the line profiles.
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It is felt, therefore, that the results from this
higher dispersion data indicates that it is problems with
the photometric model which produces a larger mass ratio
error for some of the W type systems. This does not mean
that one accepts all previous spectroscopic mass ratios as
correct since much of the earlier work still suffers from
low dispersion, poor time resolution and the problems of

measurement as described previously.

5.2 CONTACT BINARY MODELS

The A type W UMa systems can be successfully explained
by the standard model of a contact binary (Rucinski 1978) in
that the light curves can be accurately reproduced and the
mass ratios obtained from spectroscopic and photometric
methods agree reasonably well., On the other hand, the light
curves of the W type systems with deeper occultation
eclipses cannot be explained without altering the stellar
atmosphere parameters such as the temperature difference,
gravity darkening, 1limb darkening or albedo. In addition,
it 1is necessary to explain the ititrinsic variability of the
light curves and the asymmetiies in the systems revadled by
the variations in the strength of the primary codiponent”s

gpectral lines.
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Recent work tends to support the fact that the two
components are, in fact, in thermal equilibrium but that the
flux from the primary i1s reduced by the existence of
starspots. Further evidence for such magnetic activity is
provided by the UV and X-ray observations which 1ndicate

strong chromospheric and coronal activity.

It 18 clear that in such systems, the stellar
atmosphere parameters X, @B and A will be affected by the
distribution of spots so that i1in the solution, the
geometrical parameters will be distorted to stay within the
framework of the model. An example of this was found in
VW Cep where there 18 a non-uniform distribution of spots
which mimicked a 1large gravity darkening 'leading to a
decrease 1in the degree of contact. In addition, it was

_found that fixing the mass ratio at the spectroscopic value
only affected the inclination significantly and did little
to the other parameters. This provides further evidence
that one should prefer spectroscopic mass ratios when

reasonably accurate data is available,

The variation in the apectrum of the primary component
can be most easily explained in terms of a slight extended
énvelope on the leading side. Is this related to the
magnetic activity or mass transfer between components

through the envelope ?
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The low value of gravity darkeuing obtained for W UMa
is siml ir to that required by the LSC mode:. However,
there are still severe theoretical criticisms of some of
thelr other assumptions which are required to reproduce the
light curves. A recent summary of observational material by
Mochnacki (1981) concluded that the B type systems, proposecd
by Lucy and Wilson (1979) as evidence for the scul-detached
phase of the TRO model, were in fact, peculiar evolved
systems. It seems more likely that in systems with
extensive magnetic activity, that there will be a rapid
evolution of the system as angular momentum is lost through
a magnetic stellar wind. This would mean that there would
be insufficient time for a nuclear cvolution from W to A

type systems as described by TRO theory.

This scenario of contact binary evolution has been
advocated by Vilhu and Rahunen (1980) and van“t Veer (1976,
1979, 1981) who has established thiat almost all contact
binatieés have nearly equal components at the moment of
formation, and that ag angular momentum is lost £rom the
system it will transfer mass from the secondary to the
primary so evolving towards lower mass ratios. Calculations
indicata that the rate of transfer will increase rapidly ag
the system evolves and that the degree of contact between
the components increases. This model not only explains the

division between the properties of the W and A type systems,
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but also the observed mass ratio function which increases
towards lower mass ratios. It 1s rcasonable to suppose that
as the degree of contact increases, the difference in the
probability of spot formgtion between the two components
will decrease (Mullan 1975) so that spots are less likely to
alter the light curve significantly. 7This would account for
the ability for the standard contact binary model to

reproduce the A type light curves.

This theory of evolution for W UMa systems implies that
they are short lived phenomena probably forming when the two
components of a detached system come into contact as a
result of angular momentum loss. The final result of their
evolution has still to be resolved, the most probable being
elther coalescence to form a single star or a cataclysmic

varlable.

5.3 SUGGESTLIONS FOR FUTURE WORK

It has become clear during the course of this
investigation that 1t 18 nvow possible to obtain wore
accurate measurements of the sgpectra of contact binary
systems by employing modern equipment and digital reduction
techniques. When one conslders the lack of accurate
spectroscopic data for such systems it 1s felt that one of

the most Immediate tasks is to extend this type of
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investigation to many more stars. It is a sobering thought
when one realises that the 10 systems observed in this study
comprise 407 of the W UMa systems with spectroscopic data.
The continuation of this survey is therefore desirable in
order to determine the properties of these systems more

accurately.

In this work, empirical velocity broadening functions
have played a major role in the analysis of some systems.
Although the use of this technique in the determination of
the parameters of these systems as envisaged by Anderson and
Shu (1979) is not possible, at least for the W type systems,
they do show how the spectral lines vary with phase giving
additional information about the stars. The main problem
with this type of analysis 1s that the procedure is

inherently noisy.

The cross-correlation technique for measuring radial
velocities c¢can be used on nearly all spectra, even if there
is poor signal to noilse because of 1ts matched filter
;haracteristics so0 that it 18 wuseful in determining the

velocity curves of the low mass ratio systems.

In principle, however, the broadening function
technique is the superior one since 1t gives more
information and enables a determination of the radial

velocity without blending effects present. If one could
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obtain spectra with good signal to noise, for example using
a large telescope with some digital detector such as a

reticon or IPCS, this technique would be extremely valuable.

It is clear from the analysis of W UMa and VW Cep that
much theoretical work still remains to be carried out
concerning the structure of contact systems. In particular,
the effect of magnetic activity should be investigated as
this may provide a much better understanding of the W UMa

stars.

In conclusion, contact binary stars have the
distinction of being members of a very common, yet poorly
understood class of object. As such, they are bound to
_ provide many fascinating challenges for Astronomers, both

observationally and theoretically for many years to come.
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" There is a theory which states that if ever anyone
discovers exactly what the Universe is for and why it is
here, 1t will instantly disappear and be replaced by
something even more bizarre and inexplicable."”

Douglas Adams.
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APPENDIX B

S.I.P.S. USER GUIDE

INTRODUCTION

This has been developed to provide a comprehensive,
self contained system of processing and analysing digitised
spectral data, such as is obtained from modern electronic
imaging devices or from scans of spectrographic plates using
a mlcrodensitometer e.g Joyce Loebl at St Andrews University
Observatory.

The package was developed to rum on the Nova 820 wusing
FORTH but has since been implemented on the PDP-11/23, and
it 1s this version that 1is described in detail.

Thz package 1s divided into self~contained units, each
of which 1is wused to carry out a particular step in the
reduction procedure. These are as follows :-

1) Basic package

2) Plate scanning

3) Wavelength calibration

4) Noise filtering

5) Density=«Intensity conversion
6) Normalisation to continuum
7) Spectral line analysis

8) Feature rémoval

9) Radial velocity measurement
10) Veloclty broadening functions
11) Data unalysis

Once the basic package has been loaded, each of the
reductlon stages are accessed by using a single loader word.
A more detaliled description 1s given of how to use each
section later in this appendix.
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BASIC PACKAGE

This is the heart of the system, containing many of the
basic definitions that are used in all the sub-sections such
as the graphics capabilities, variable names, floating point
arithmetic, data areas and the wavelength calibration.

Load command is 2000 LOAD

When one loads the package the computer will respond by
agsking if the default disc areas are to be used to hold data
during the processing procedure. At the present time these
are 4900~99 on disc DClO which is suitable for processing
spectra up to 2560 data points long. It is dimportant to
note that only one user can use any given work area so it
may be neccessary for you to set up another area if someone
else 1is wusing the package . 1In response to this question,

enter Y or N. In the case where alternative data areas are
to be defined, enter the following :-—

LENGTH OF SPECTRA IN BLOCKS = enter maximum length of spectra
WORK AREA = disc area where data 1s to be operated upon

( NOTE: Please ensure that entire work area 1s contained
within your allocated disc blocks, since one requires 20 x N
disc blocks where N is the length in blocks of the spectra
to be processed).

At this point, the graphics may be used with the normal
commands which are documented elsewhere, however a brief
summary is given below.

n SPECTRUM i~ where n 1s the disc area of spectrum

1x ux X SIZE 1= where 1x and ux are the lower and upper
limits in the X=-direction to be plotted

ly uy Y SIZE 1= where ly and uy are the lower and upper
limits in the Y-direction to be plotted

SPLOT i~ command to plot spectrum

The other main part of the program that 1is common to
the entlre package 1s the wavelength calibration which 1is
required for the radial velocity determination and the
spectral line analysis. This is in the form of a polynomial
of up to fifth order represénted by the following :~

XS=N5( LS ) **54-N4 (LS Y**4-+N3 (LS ) %% 34N2 (LS ) **24+N1 (LS )+NO

where NO,N1,N2,N3,N4 and N5 are the polynomial coefficients,
and XS and LS are scaled variables of the form
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XS= X/1000 and LS=(L~LZERO)*1000
X=position , L=wavelength , LZERO=wavelength offset

The reason for the scaling and wavelength offset is the
arithmetic range of the computer, and it is important tc
ensure that you always use the same value for the offset.
By default this is 3700 angstroms, so unless you are working
on wavelengths less than this it is not neccessary to alter
the value.

The commands which may be used at any time to examine
or alter the calibration are listed below :—

CALIBRATE :- enter new coefficients
COEFFICIENTS :- examine current coefficients
SETZERO :~ alter value of wavelength offset

At any time when a spectrum has been plotted, the
wavelength at any position can be found assuming a
calibration has been entered. This is done by entering the
command WAVE then positioning the cursor and hitting the
space bar. The wavelength will then be computed and
displayed.
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PLATE SCANNING

This section is an adaptation of the standard Joyce
Loebl control package, 1in order to enable ome to scan the
spectrum and both of the comparison arcs to obtain a more
accurate wavelength calibration. In addition, multiple
scans in either X or Y can be performed to scan calibration
wedges. This part of the program can only be used by the
computer controlling the Joyce loebl CAMAC modules, which at
the time of writing is the Honeywell H316. 1In pratice, this
simply means that the package is loaded via the computer
link that is documented elsewhere.

Loader command is SCANNING

(N.B. If the package 1s larger than the amount of
dictionary space available in any partition then a reduced
version may be loaded by the command 2008 LOAD).

On loading, the computer will ask questions about the
parameters of the scan to be performed :—

NO.OF POINTS = no.of data points to be gampled
SAMPLE STEP = distance between data points in microns

( machine steps in multiples of 5 microns )
NO.OF SCANS = no.of parallel scans to be performed
SEPARATION = distance between scans in machine steps

( one step = 5 microns )

If at any time you wish to alter these parameters, this
may be done by typing the command PARAMETERS and entering
them as before.

The digital data produced 1s stored by the computer on
disc, being held in blocks of 512 points, so it is necessary
that the length of each scan is a multiple of 512 to enabla
ease of reduction in later stages,

Control may be transferred to the Joyce Loebl panel by
the command PANEL and the buttons can be used to centre and
align the spectrum. If necessary, the “CROSS™ button may be
used to measure positions on the plate in machine step
coordinates. When this 1s presed, the current po#ition is
printed on the terminal. After setting up the
microdensitometer mechanically, control is returned to the
computetr by means of the “BOX" button.

In order to start a scan then enter one of the
following commands :-
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To scan spectrum := n PSCAN
To scan wedge in X :— n WXSCAN
To scan wedge in Y :~ n WYSCAN

where n is the disc area in which scan is to be stored.

The Joyce Loebl will then begin scanning under the
control of the computer unless aborted from the control

panel or prompted by another terminal.

In the case where a spectrum is scanned, the computer
will automatically carry out three scans in the sequence
arc/spectrum/arc.
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WAVELENGTH CALIBRATION

It is neccessary to obtain a calibration curve for the
spectrum 1In order to calculate wavelengths for each data
point. This 1is achieved by obtaining the position of
selected arc 1lines in both comparison spectra by fitting a
least squares parabola to the line profile, taking the mean
position for each 1line and calculating a least squares
polynomial in terms of wavelength as described in the
section on the Basic Package.

Loader command WAVELENGTH

On loading this section of the package, the computer
will present you with a list of options for the comparison
spectra, and 1t 1s neccessary to enter the code no.
required from the list displayéd.

These are i~

~N) ¢ < delete catalogue no. N >
0) ¢ < enter new set of lines >
N) : list of comparison lines available

It i1s possible to display and reselect from this 1list
at any time by the command CATALOGUE

The master catalogue of lines is held in block 2200 on
the system disc and although the individual catalogues may
be stored anywhere on disc, it is recommended that they are
placed between blocks 2201 and 2224 which has been allocated
for this purpose.

When one wishes to enter some new lines by typing the
code 0 the computer will ask which block they are to go into
and whether it is a new catalogue or simply adding lines to
a4 previous catalogue. After replying to this, in the case
of a new file a title can be entered. Thia is done by
aimply entering up to 15 characters of text at this point.

The wavelengthes of the comparison lines may then entered in
response to the computer.

Once a catalogue has been selected or created 1t is
possgible to list, ¢hange or delete the individual
wavelengths using the following commands:=-

LIST-LINES := prints current list of wavelengths used

DELETE = asks which line no. is to be deleted
ands moves remaining lines to fill gap
CHANGE i—= asks which line no. is to be altered

and asks for new value
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Once the comparison lines are selected or entered, it
is possible to start measuring their positions for the
calibration. Type the command SETARC and enter the
folloying data:-

ARC 1 = disc area of first comparison arc
ARC 2 = disc area of second comparison arc

To display part or all of the arc spectra, use the

command 1x wux DISPLAY where 1x and ux are the lower and
upper limits of the plot.

Each arc line is successively accessed by the command
NEXTARC ( or ALT MODE key ) where the wavelength is
displayed and then the cursor used to pick off the
corresponding line 1in first the upper and then the lower
comparison arc spectrum. This procedure 1is carried out
until all the lines have been measured.

This measurement is done by the computer searching to
the right of the cursor position ( note:~ this means that
you place the cursor slightly to the left of each 1line )
until a peak is found in the data. After plotting a cross
at this point, a least squares parabola 1is fitted to the
line profile to determine the centre of the line. It is the
mean of the positions for each arc line that is taken in the
solution.

If any line has been incorrectly measured then 1t may
be removed at the time by the command REJECT and then
remeasured with NEXTARC. This can algo be used if the 1line
to be measured lies outside the range of the display limits,
when one can reject the first measutement, plot the
approprlate section and remeasutre.

Sometimes a line may ba found to be unsuitable for
measurement for various Tedsons €., blended or
underexposed, in which case the command SKIP will ignore the
measurement and move onto the next line in the catalogue.

Once all the lines have beén Belected type CALIBRATION
when the computer will fit a least squares polynomial of up
to fifth order with the smallest residuals.
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It is possible to remove lines from the fit by typing n
EXCLUDE where n is the line no. in the table.

Similarly, lines may be re-entered into the fit by
typing n INCLUDE where n is the line no. in the table.

This sequence of including/excluding lines and
calibration fits can be continued as many times as
neccessary to obtain a satisfactory fit.

At this stage, the calibration coefficients are now set
up 8o that one could continue the analysis on the spectrum
without entering the values. However, it 1s recommended
that a note of the coefficients is taken so that it is not
neccessary to repeat this procedure if at a later stage the
spectrum 1s to be re—analysed. There 1s a facility to
direct the results to the printer if it is not in use. This
is done with the command PRINTOUT . A title of up to 20
characters can be given at this stage, and then the results
will be printed for later reference.
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NOISE FILTERING

This section is used to filter the high frequency
component  due to noise from the data using Fourier
techniques, and is not always necessary in the case of good
quality spectra. The method used 1is that of an optimum
filter , obtained from fitting a Gaussian to the spectrum in
the Fourler frequency domain.

Loader command is NOISEFILTER
Once loaded, there is the option of noise filtering an
indivual spectrum, or indeed many such spectra provided that
they are together on disc, of the same length and are to be
filtered to the same degree.

a) Single spectrum

Loader command SINGLE
The computer will then ask for the following data :-

SPECTRUM = disc area where spectrum is stored

NO.POINTS = length of spectrum

THRESHOLD = limiting size of frequency components to be
removed

(e.g+ Threshold of 5 will smooth features less than 5 data
points wide)

If a mistake 1s made entering this data, or if a value
18 to be altered then this may be input again by typing the
loader command SINGLE again.

The filtering process 18 started using the command
AUTOFILTER

b) Multiple spectra
Loader command MULTIPLE
The computer will thén dsk for tha following data i~

NO.POINTS = length of spectirum
THRESHOLD = limiting size of frequency points to be removed

It is then necessary to specify whether the spectra are

stored with their comparison arce or not. This 18 done by
entering one of the following codes :-
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1) Spectra stored successively on disc without arecs
2) Spectra stored successively on disc with intervening

arcs.
One then continues to entering the following parameters :—
BLOCK LENGTH = size of spectra in blocks

FIRST SPECTRUM = disc area where first spectrum 1s stored
LAST SPECTRUM = disc area where last spectrum is stored

If a mistake is made, or a value to be altered, then
this may be done by typing the loader command MULTIPLE again
and re-entering the parameters.

The filtering process is then started using the command
AUTOF ILTERING
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DENSITY-INTENSITY CONVEKSION

This part of the 1mage processing has been split into
two sections, each of which corresponds to a distinct part
of the procedure. These are as follows :—

a) Measurement of step wedge
b) Conversion to intensity

Loader command is INTENSITY
The relation between density and intensity is taken to
be a least squares polynomial of up to order 3 of the
form :-

log(I)=W3(BP**3)+W2 (BD**2)+W 1 (BD)-HWO

where WO,W1,W2 and W3 are the polyuomial coefficients and BD
1s the Baker density defined as

BD = log( (l0**d) -~ 1 )
d is the measured density above the plate fog.

a) Wedge calibration

Loader command 18 WEDGESET

The first step in this procedure is to enter the log I
values corresponding to each step on the wedge, unless this
has been set up previously. Type the command ENTER and
enter the following ddta:—

DATA AREA = disc area Wwhere log I values are to be stored
NO.STEPS % no.of inténsity levels on wedge

It is then necessary to enter each of the log I values as
prompted by the computer.

The next stage ls to measure the wedge which 13 done
using the command CALIBRATION and entering the followilng
data
SPECTRUM AREA FOR WEDGE = dige area whare scan 1s held
NO.POINTS IN SCAN = length of scan
DATA AREA FOR LOG I = digc area where log I values held

The scan of the wedge will then be plotted, and the cursor
will appear. The next operation 1s to average the plate
background by moving the cursor to the left, hitting the
space bar, moving to the right and again hitting the space
bar.
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The density levels must each be measured in a similar
manner, Iin the same order that the log I values were storcd.
If a level cannot be measured then hitting the space bar for
the second time WITHOUT MOVING the cursor will ignore the
corresponding measurement.

Once all the levels have been measured the computer
will then ask for the order of polynomial to be fitted (up
to order 3), and will then proceed to calculate this. .

It is possible to remove measurements from the fit by
typing n EXCLUDE where n is the level no. in the table.

Similarly, a measurement may be re-entered into the fit
by typlng n INCLUDE where n is the level no. in the table.

This sequence of including/excluding measurements and
SOLVE may be used as many times as necessary to obtain the
best fit.

At this stage, the calibration coefficients are now set
up so that one could continue with the conversion to
intensity of the corresponding spectra without entering the
" values. However, it 1s recommended that a note of the
coefficlents is taken for future reference so that it is not
necessary to repeat this procedure if the spectrum has to be
re-processed at a later stage. There 1is a facility to
direct the results to the printer if it is not in use. This
is done with the command PRINTOUT . A title of wup to 20
characters can be given at this stage,

b) Density-Inténsity Conversion

Once the coefflcients of the Baker density relationship
are known, then It is pogsible to convert measured density
to relative intensity by means of this relation for wach of
the spectra to be proceéssed.

Loader command PLATESET

Once this section 1s loaded the parameters for each
spectrum may be entered using the command SETSPEC and input
the following data :-

SPECTRUM = disc ares where spectrum is stored
NO.OF POINTS = length of spectrum

The computer will then ask if the calibration coefficients
are set up. If not, then typing N will allow you to input
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the coefficients at this point.

The spectrum will then be plotted for examination so that
the remaining parameters may be set up :-—

PLATE FOG = measured density of plate fog
LOWER LIMIT = lower x limit of conversion
UPPER LIMIT = upper x limit of conversion

( NOTE :- the reason for the limits on the conversion is
that each polnt must be above the plate fog, so that any
noise present near the fog level must be avoided.)

It is possible to examine the calibration coefflcients
at any time with the command PRINT-COEFFICIENTS and if
necessary input the coefficients using SET-CALIBRATION

Once this has all been set up then the conversion may
be started by typing D-I and when finlished, the spectrum in
relative intensity units will be plotted for examination:
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NORMALISATION TO CONTINUUM

In order to obtain a rectified spectrum, & continuum
must be defined and then each Jdata point normalised to this

level. There are two methods available for this procedure
as follows :—

a) Spline fit
b) Cubiec fit

The spline function is defined by using the cursor to
set the continuum level at a number of points along each
individual spectrum. Consequently, this procedure requires
interaction with the astronomer to a larger extent than the
cubic fit, however, it must be stressed that in many cases
where judgement of the level is required, this is the better
method. The computer fit of a cubic is only suitable for
those cases where an accurate continuum is not essential
such as measufement of radial velocities, but has the
advantage of being able to process many spectra without any
interaction.

Loader command CONTINUUM

On loading this section of the package you are given
the option of the cubic or spline function as the method of
fitting the continuum.

a) Spline Fit
Loader command MANUAL

The parameters of the spectrum to be processed are
defined using the command SETSPLEC and entering the following
data
SPECTRUM = disc area of spectium
NO.OF POINTS = length of spectrum

The unrectified spectrum will then be plotied for
examination.

To define the continuum one uses the command CSET and
entering the following
NO.POINTS = no.of continuum points to be defined

and then positioning the cursor at each point and hitting
the space bar. This is repeated until all the points are
set. 1If necessary, additional points may be entered by
repeating the command CSET and giving the extra number of
points. It is very important that successive data points
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are 1in order of 1Increasing X value so care must be taken
positioning the cursor. In addition it should be noted that
the spline function can only fit between point numbers 2 and
N-2, so that the ends of the spectrum are not rectified.

Once all of the points have been defined, the
normalisation 1is carried out by typing the command RECTIFY.
After the computation has finished, the spectrum will be
plotted out for examination.

b) Cubie Fit
Loader command AUTO

Once loaded, there is the option of rectifying an individual
spectrum, or indeed many such spectra provided that they are
together on disc and contain the same number of data points.

i) Single spectrum
Léader command SINGLE

The computer will ask for the following data :~
SPECTRUM = disc area of spectrum
NO.POINTS= length of spectrum

The process 1is then started using the command NORMALISE. It
should be noted that this is a relatively slow procedure so
that this is a good time to do something else (or have a
coffee break!).

i1i) Multiple spectra ;
Loader command MULTIPLE

The computer will then ask for the following data =
NO.POINTS= length of spectrum

It 18 then necessavy to specify whether the sapectra are
stored with their comparison arcs or not., This is done by
entering one of the following codea:~

1 = Bpectra stored sucessively on dise¢ without arca.

2 = 8pectra stored with intervening arcs.

One then continues to enter the parameters

BLOCK LENGTH = size of spectra in blocks

FIRST SPECTRUM® disc area where first spectrum i8 stored
LAST SPECTRUM™ digc area where last gpectrum is stored.

The rnormalisation i1s then started using the command
AUTONORMALISE.

- 241 ~




5.I.P.S. USER GUIDE Page B~16

SPECTRAL LINE ANALYSIS

This section is an adaptation of the routine developed
by G.C.Stewart for the measurement of spectral lines.

Loader command PHOTOMETRY

On loading this section of the package, the computer
will present you with a list of options for the lines to be
measured, and it is necessary for you to enter a code no.
from the list displayed.

These are :—

~N) : delete catalogue¢ no. N
0) : enter new lines

N) : select c¢alalogue no.N

It is possible to display and reselect from this list #t any
time using the command CATALOGUE.

The master catalogue 18 held 1in block 2260 on the
system disc, and although the individual catalogue may be
stored anywhere on disc, it is recommended that they are
placed between blocks 2261 and 2279 which have been
allocated for this purpose.

When one wishes to enter a new set of lines by typing
the code 0, the computer will ask which block they are to be
stored in and whether this 1s a -new catalogue or simply
adding lines to an existing one. In the case of a new file,
it 18 necessary to enter a title for future reference by
entering up to 15 characters of text. The elements and
corresponding wavelengths are then enterad in response to
the computer.

Once a catalogue has been sgelected or created, it s
possible to 1list, change or delete the individual lines
using the following commands ;-

LIST=-LINES : prints current catalogue of lines
DELETE : asks for and deletes specified line no.
CHANGE : asks for and changes values for given line.

Once the lines to be measured aré set ip, it 18 time to
start measuring. Type the command SETSPEC and enter the
following i«

SPECTRUM = dise area of spectrum

IS WAVELENGTH CALIBRATION SET UP ? ireply Y or N
(1if N , enter coefficients for calibration)
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Each line to be measured i1s sucessively acessed by the
command NEXT when the section of spectrum around the line is
displayed, and then the rest wavelength 1is marked on the
screen.

It should be noted that the plot is of the +/- DXL
polnts on either side of the centre value. By default, this
is +/- 20. 1If one wishes to plot more or less than this, it
i8 done by typing n = DXL where n is half of the number of
points to be plotted.

The spectral line 1s measured by using the cursor three
times to define the limits of the line.
1) Mark centre of line
2) Mark left hand 1limit of line
3) Mark right hand limit of line

The computer will then integrate the area contained within
the 1line and store the parameters 1n a catalogue. The
equivalent width and central depth are prifited on screen as
a check.

If the measurement 1s wrong one can either repeat it or
ignore it using the commands REPEAT or REJECT.

The command NEXT is used repeatedly to measure all of
the lines in the catalogue. Once completed, the results are
printed out with the command FINISH.
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FEATURE REMOVAL

This section of the package is used to remove unwanted
features from the spectrum such as plate flaws, emission

lines from streetlights etc.

Loader command REMOVAL

To enter the parameters of the spectrum to be processed type
SETSPEC and enter the block no. and no.of data points
contained in the spectrum.

If necessary, one can replot the spectrum at any time
using any of the standard graphics commands.

There are two commands availlable :—

REMOVE :- replaces sec¢tlon between cursor marks by
continuum leyal

REPLACE :- replaces section between cursor marks by
straight line using 1linear interpolation.
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RADIAL VELOCITY MEASUREMENT

This part of the package was developed to measure the
Doppler shift of the spectral lines to determine the radial
velocity of the spectrum.

Loader command VELOCITY

On loading, you are required to select a method of
measurement by entering one of the following code nos.
1 = Line profile fitting
2 ~ Simulated comparator
3 - Crosscorrelation

a) Line Prufile Fitting

Once you have selected this method, the computer will
present you with a 1list of the catalogues of 1lines
available. To select an optlion, enter the appropriate code
nol

-N) : delete catalogue no.N
0) : enter new lines ‘
N) : select catalogue no.N

It is possible to display and reselect from this list at any
time using the command CATALOGUE.

The master catalogue 18 held 1is blk. 2220 on the
system dilsc, and although individual catalogues may be held
anywhere on disc it is recommended that they are placed
between blks, 2221 and 2239 which have been allocated for
this purpose.

The manipulation of these catalogues 1& exactly the same as
that described previously in the section on spectral line
analysis.

In order Lo get up the paraméters of the spectrum one
types the command SETSPEC and enters the following:-
SPECTRUM = dige area of spectrum
RSUN ? : enter Y/N
(1f N input R.A. Dec. LeS.Ts for the star, and the
components of the solar motion DX, DY atd DZ in km/s).
WAVELENGTH CALIBRATION SET UP ? ¢ enter Y/N
(if N , enter coefficients of calibration)

By default the computer will measure absorption lines, Dbut
it 1s possible to measure emission lines also. The two

modes are set up using the commands PEAKS and TROUGHS, and
can be used at any time.
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The lines are measured sucessively wusing the command
NEXT when the section of spectrum around the rest position
of the line is plotted. As described under the spectral
line analysis, the amount plotted can be varied by changing
the value of DXL.

The velocity of the line is measured by placing the
cursor to the left of the line centre and pressing the space
bar. This initiates a search to the right of the cursor
until a minimum (or max.) is found with its position being
more accurately determined by fitting a least squares
parabola about that point.

If the measurement is bad, one can either repeal or
ignore 1t with the commands REPEAT and REJECT. All of the
lines are measured using NEXT whereupon the results are
printed with the command FINISH.

It 18 possible to exclude ©6r include individual
measurements il the calculation of the mean velocity using
the commands n EXCLUDE or n INCLUDE where n is the line no.
The results are displayed using OBSERVATIONS.

Once compléitéd, the results can be directed to the

printer wusing the command PRINTOUT along with a title of up
to 20 characters.

b) Simulated Comparator

Once selected, the procedure iy very similar to that
described for the 1line profile fitting routine, with the
same set of catalogues belng used. The only difference 1s
the method of measurement.

In additionto the plot of the section of spectrum, a
raeversid image 1s also displayoed, and 1t is necessary to
move this image untll they are coincident around the ceuntre
of the 1line Dbeing measured. This movement ie done by the
commands »>» or << which asks for the distance, in data
points, by which the reversed image is to be moved in that
direction.

Once satisfled with the measurement, it can be entered
into the output catalogue using the command SAVE. After all
the lines hiave been measured, the same routlnes as described
in the previous section are also avallable.

Cross=correlation
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This section of the package is used to calculate the
cross—correlation function by shifting the spectrum with
respect to that of a standard star in order to calculate the
velocity of the star. A catalogue of fourier transforms of
standard stars is held on disc 1in order to minimise the
amount of computation involved during processing.

a) Standard Spectrum

If a standard spectrum is not already set wup din the
system, (type CATALOGUE for those available) then it is
necegsary to set one up.

Type STANDARD and enter the following datu:-—

SPECTRUM = disc area of spectrum

RSUN ? : enter Y/N

LSTART = gtart wavelength to be used in ccf
LSTOP = end wavelength

NO.POINTS = no.data values to be iInterpolated
VELOCITY = radial velocity of standard spectrum

WAVELENGTH CALIBRATION ? : enter Y/N
DISC AREA FOR TRANSFORM = data area for storage
(nb 8 x no.points required e.g. 512pts=>4096pts=8blks.)

The current catd#logue is then listed and one enters the code
0 to store the data. One also enters the following
information at this point:=

STAR NAME ¢t up to 10 char.
SPEC.TYPE t up to 4 thar.
PLATE SCALE : up to 4 char.
TELESCOPE t up to 16 char.

Once completed you are asked 1f your input is cortect, and
1f not, this lust section will repeat until corrected.

After all the relavent data is stored, the transform is
computed using the command *STND.

b) Program Spectra

To compute the ccf of a spectrum, type the command STAR
and enter the following:«
SPECTRUM = disc area of spectrum
RSUN ? : enter Y/N
WAVELENGTH CALIBRATION ? : enter Y/N
One then selects the standard spectrum required f£rom the
displayed 1list by entering the approprilate code no.
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The calculation is started using the command *SPRM and
entering the filter threshold required for the removal of
noise from the ccf. (typical value 2-~3). Once completed,
the cef is plotted on the Tektronix screen.

The velocity of a feature in the cecf may be computed
using one of the following commands.

[FRV] := brings up the cursor and prints velocity
corresponding to X-position.

FRV := brings up cursor, searches to right and fits
parabola around max.

The function can be redisplayed using FNDISPLAY.

Often it 1s more éonvenient to expand the #cale and
plot out the functidfht between specified velocity limits.
This 1s done using the following sequence of comnifids :-—
VELAXES :- enter lower and upper velocity limits.

DISPLAY :~ plots function between limits.

The velocity may be measured using the commands:-
[RV] ¢= brings up cursor and gives velocity
cortesponding to X-position.
RV ¢~ brings up cursor , searches to right and
fits parabola of specified no.points to max.
A plot of the fit to the peak may be displayed .using the
command FIT. '
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VELOCITY BROADENING FUNCTIONS

This section 15 used to deconvolve a section of
standard spectrum from the corresponding section of the
program spectrum.

Loader command BROADENING

The routines used are identical with those described under

the cross—cotrrelation section and the same catalogue of
atandard fourier tran&forms is employed. Interaction with

the computer is carried out using exactly the same commands.

Due to the noise inherent in this technique, the filter
threshold specified will be much larger (typically 10-20), a
little experimentation is advised to find the best value for
the particular seriles of spectra.
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DATA REDUCTION ROUTINES

This 1s a collection of miscellaneous routines that -
were found to be useful for my particular work, and as such .
are by no means comprehensive.

Loader command REDUCTIONS

There are four main sections included in this package.
1) Statistics

2) Solution of RV curve by Irwin“s metliod

3) Period finding

4) Graph plotting

a) Statistics

There are routines for both one and two parameter
computations.

Loader command STAT-PAK

On loading the computer wil ask if you wish to use omne or
two parameters (enter 1 or 2).

1) One parameter

ENTER i— asks 1f creating new catalogue or adding points
to an existing one. Input no.of points usnd entayr
the values.

VALUES :~ prints current catalogue

DELETE 3+ deletes spaecifiled entry no.

CHANGE i~ changes specified entry no. to new values

SOLVE i~ computes mean, st.dev. and st.err. of values.

2) Two parametere

The catalogue manipulation commands ENTER, VALUES,
DELEYE and CHANGE are used in the same way as described in
the previous section but operate on both X and Y values.
There are 4 subsections which may be acessed:—~

i) Statistics
Loader command STATISTICS

Command SOLVE gives mean, st.dev., gt.err. and coefficient
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of correlation.

ii) Linear least squares
Loader command LINE

Command SOLVE fits straight line to X and Y values.

ii1) Power least squares
Loader command POWER

Command SOLVE fits power curve to X and Y values.

iv) Exponential least squares
Loader command EXPONFIT

Command SOLVE fits exponential curve to X and Y values.

b) Radial Velocity Curve Solution

This 1s a routine which uses Irwin”s method to derive
the spectroscoplc elements from the radial velocity curve of
a double-lined binary assuming that the eccentricity is
Zero.

Loader command ORBIT

The data values i.e. Phase, Primary velocity and Secondary
velocity are held in a disc catalogue as before. Once
again, the data 1is entered, displayed and altered using the
commands ENTER, VALUES, DELETE and CHANGE as described
previously.

It 1ls sometimes necessary to move the observations in
phase using the command PHASES which asks for the amount
which 18 to be added to all the existing phase values.

This technique is a differential least squares method
so 1t requires initial values which are close to tha final
result. The solution is initiated by the command SOLVE and
entering the following data :-

PERIOD = period of binary in days.
Q = initial mass ratio
VO = initial systemic veloclity

The program then iterates to a eolution with the results

being printed out. Occasionally, the iteration will fall if
the system of equations becomes indetermlnate. This will
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happen 1if, for a par!lcunlar set of data values, tl. initial
values are not close enough, or sometimes the solution 1is
divergent.

The results can be output using the command RESULTS

while the fit to the data can be plotted using the command
DISPLAY.

c) Period Finding

This 1s a rather crude routine which implements the
period finding scheme outlined in IBVS 1347 for finding
periodicities in variable stars.

Loader command PERIOD

The data, Time, Measurement and Weight, are held in a disc
array uslng the standard ENTER, VALUES, DELETE and CHANGE
commands .

The period search is initiated using the command SOLVE and
entering the following :-

MIN.PERIOD -~ shortest perlod

MAX.PERIOD -~ longest period

INCREMENT ~ period increment between seavches

Once completed, the resulting periodogram {s displayed and
the period(s) determined from the peak(s) in the function.
It 1s sBuggested the the procedure 1s used iteratively, each
gearch confining the period more closely.

d) Graph Plotting

This part of the package lmplements useful routines iIn
addition to those avallable with the standard graphics
package in the system.

Loader command GRAPH

On loading the computer will ask for a disc block which to
use as workarea, After entering this, you get the option to
work on an existing catalogue entering the appropriate block
no. 1if this is required.
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The data values i.e. X and Y are again held in disc

arrays and are manipulated using the standard commands
ENTER, VALUES, DELETE and CHANGE.

It is possible to change between many catalogue held on
disc using the command CATALOGUE so change the disc area.

In addition to the commands for creating the catalogue
there are some for altering the data values:=-
INTERCHANGE - swaps X and Y values
OPERATE - c¢arries out arithmatical operation
on elther X or Y values.
Select operation from following codes.
(1).+ (29 = (3)x
(4) / (5) log (6) alog
and enter numeric value to be used.

The scale of the pléiire can be altered with the
command SETAXES whigh asks for lower and upper limits in
both X and Y. If required the plot can be scaled so that
equal X and Y increments correspond to equal X and Y
distances when plotted. This is done using WINDOW.

The data values can be plotted in several ways :=
DISPLAY ~ plot# values as crogses
DDISP ~ plots values as dots
n CPLOT ~ plots values ag graphics character n
SNAKE ~ joins the values by series of strilaght lines

Finally, it 1s Possible to £it a least Bguares
polynomial to th data values of up to order 7. This 18 done
using the command FIT.which brings up the cursor and uses
all the data points between the lower and upper cursor
positions X1 and X2 in th polynomial fit, The computer will
fit the polynomial with the smallest ¥ma error.

There are several additional conmands uging the
polynomial;:«~
PLOT - plots poly. between cursor positions X1 and X2
CONNECT ~ select X1 and X2 with cursor, and a straight
line will be drawn between Y(X1) and Y(X2).
POSITION- returns Y(X) for cursor positlon X.
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FACILITIES

If in doubt about what is available in the package, the
command FACILITIES will provide a brief outline and the main
Loader words.
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QO ¢ BIM - PFLATE SCANNING

13 FARAMETERS
LR " NOLOF POINTS
CR % SAMPLE STEF IN MICRONS E
GRO«* NOLOF SCANS a
CR " SEAN SEFARATION IN MACHINE STEFS=

ASK P

ASK 5 / STEPSIZE |
ASK = M

ASK $= JUMF CR 3

4 3
= = & =®

CR ool FLATE SCANNING FACKAGE FOR RADIAL VELOCITIES" CR CR
CR o8 GPECTRUM SCAN - (NISC AREA) FSOCAN "

CR o d WEDGE SCANCX) - (DISC AREA) WXSCAN

CR " WEDGE SCANCY) - (NISC AREA) WYSCAN®" CR CR

FARAME TERS

»

~
(SRS

CEJIHN=OSAINDIEDIENN

P A i e et el
AL W W
N In L

S

2010
O C BJIM -~ DISC ARRAYS )
120000 INTEGER WORKAREA
< VARIABLE AF 0 AP !

5

4 ORPHAN + 1024 /MO WORKAREA + RBLOCK + §# DUF
wod TARRAY AF @ SWAF 14+ 2%  AF +! CONSTANT
6 NDOES> @ SWAF 2% ADOFT §

7 ¢ FARRAY AF @ SWAF 1+ 4 X AP 4+t CONSTANT
& DOES: @ SWaF 4 % ARDFT 3§

HIC D UFDATE

+H0 4 UPDATE §

Q10 20 UFRDATE 3

F4 0 @+ UFDATE §

S
O S 9w o

2014

O ¢ BJUM o~ FOURITER TRANSFORMS )

1 COMPLEX-ARITH ¢ LOAD COMPLEX ARITHMETIC )

2

3 4 CONSTANT N 4 CONSTANT NV 4 GONSTANT K&
4 10000 CONSTANT CAREA

¥
b
7
&
Y
1O

FOATA L71 CAREA t CAREA + 3

ARCOMPLEX &8 1024 x/MON CAREA + BLOCK 4+ §
ARl ABCOMPLEX 4! UFDATE §

ARG ARCOMPLEX 4@ 3§

JOATA O D0 CGR T S R 1 ABR F.o F.o LOOF §

L1 +RLOCK 18 +RLOCK ¢ FFT IN-LINE IN-LINE DO

12 WARNING | 1 LOAD 1 WARNENG ! LOOF ¥

1% 18 FRLOCGK LOADER ~FFT

14 19 +BLOCK LOAD

L

Lo e 2 v e s
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2012
0 ¢ BJIM ~ FOURIER TRANSFORMS )
PHFACE 3G500 < IFTRUE CR % NO ENOUGH FFT SPACE * QUIT TFEND
0 AF ! FLUSH
20 IaRRAY FACTOR O CONSTANT ZERD
$OINIT FOo FCONSTANT § INIT AQ INIT AL INIT A2 INIT A3
INIT RO INIT RBi INIT B2 INIT B3 INIT OM ENIT SM INIT C1 INIY G2
INIT C3X INIT 81 INIT 82 INIT &3
FL 6.283185 FCONSTANT RAN FL 0.8660204 FCONSTANT €30
O CONSTANT KO O CONSTANT KL O CONSTANT K2 O CONSTANT K3
O CONSTANT JK O CONSTANT KF O CONSTANT KH O CONSTANT JF
O CONSTANT MM O CONSTANT JJJ O CONSTANT JJ O CONSTANT KK
O CONSTANT KE O CONSTANT M O CONSTANYT SPAN O CONSTANT KT
O CONSTANT KN O CONSTANT LI
13 EXIT
14 ¢ =N DUP <R N < N O= Rx N > AND OR 3§
1% UNFORTUNATELY s THERE ARN’T THE REQUIRED 1721 WORDS LEFT.

fo i o
NN OLEBNIPTODHEE=

2013

O ( BJIM - FOURTER TRANSGFORMS )

P SQFACTS NV L/ RK ' O 723 M V2 C70 JJJ Y 4 L0 JJd
0 L7 JF ! 1 O FACTOR 1D

BEGIN BEGIN KK JJ 7 DUF L73 IY ! JIok KK o= IF
L L7 M o4 JJd M FACTOR ' X1 £71 KR | AGAIN
JbJ 2w IF 3 L7 JJJ | ELSE 2 L7 JJdJd +! THEN
JAJ DU % L0 Jd Jb KR 3 END M L1 RT 13

>

i /0 M 41 JJJd M FACTOR 1D XTI C70 KK 1 AGAIN 3
! REMFACTS 2 EERET N KK L+ 3% Do
- I QyIe R 2 HLOOF

KT FACTOR @ M FACTODR @ > IF KT

12 ELSE M THEN FACTOR @ L1 KK !
13 KT O ¥ IF 1 ST B8 L E50 MW 4
14 I FACTOR @ M FACTOR 1D =1 +LOOF  THEN §
1S BAFACTE REMFACTS FORGET BQAFACTS

=OOENDIUOD L=

== ==
=t

2014

O ¢ BIM ~ FOURTER TRANSFORMS )

1L M IARRAY € M LARRAY D M 1+ TARRAY ER

2 KK 1~ DUF 20U  FARRAY CK  FARRAY 6K  FARRAY CF  FARRAY §F
3 KK 1~ 27 DUF 20UF  FARRAY AP FARRAY BF FARRAY AM FARRAY BM
4 M ODUP BUP  FARRAY RO FARRAY CC  FARRAY §%

{,‘:."

é
7

8

9
10
3.3
12
13
14

),

23K L1 JJJ U BEGIN KK IS /7 DUF £40 1T 1 JJdJ % KK & IF :

et S R

2
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BJM =~ FOURIER TRANSFORMS )

LBTAT JJJ 1 FACTOR @  JJJ  FACTOR @ + 4 = DUF JJJ BR D
TF o L7 D 4+t O JJd BR 10 THEN §

QETAT M L0 Ju) P BEGIN W 1 = TF 18TAT -1 £/ JJdJd +! AGAIN
DZERQ 1 EE D M L4+ BR ID RKE NV /7 O C 1D :
0. L1 KN ! K& O I o 3

A8TAT JJ) FACTOR @ [/1 KK ! SJAd - G@ KK X% L) € 1D
JId - D@ KK /0 JJd Do RAD JJ) C @ FLOAT F/
JJdORDE 24D RAL KK FLOAT F/z L1 C1 21n
KK 2 > IF CL FCOS JJJ CC 210 ClL FSIN JJJ 68 21D THEN #

10 A8TAT M 1+ 4 DO X L71 Jad v 38TAT LOOF

11 M BR @ IF M 1- ELSE M THEN 71 MM !

12 MM 1 = TF MM 2 - € @ FLOAT M RO 2@ Fx L0 8M 21

13 GM FCO8 70 OM 21 HBM FOIN L1 &M 2! THEN #

14 28TAT A48TAT  FORGET 18TAT

13

,_
e *e o~ L7

-

S/ND2EDILN =TT

-

2016

O C BJIM ~ FOURIER TRANSFORMS )

1 ¢ S8TAT KN L1 KB ! K8 €73 KN 41 © E“3 JJ 1| 1 L7 1T )

s FL €43 CL 2! Fd» L*) 8 2% L €%3 ZERG | 3

F 0 68TAT IT 14+ BE @ YIF ) D70 X1 41 4 ELSE IT FACTOR @ THEN
4 L3 RE 17 0 e K77 SPAN | ZERQ NOT TF

b« JJOFLOAT 1L RO 20 Fx K701 861 2

& 81 FCO8 L£’] €1 2! &1 FSIN L1 81 21 THEN 3
7 78TAT EERO NOT IF Gl FX%x2 81 Fxx2 F~ [73 C2 21

*e

7 :
s F2 C1 Fx 81 Fx £73 82 2! C2 Cl Fx 82 81 F¥ F- [’1 €3 2 =
(4 G2 8L Fx 62 C1L Fx  F+ L1 63 2! THEN 3 "
o .

l

o

>

o=
=

2017

0 ¢ HJIM -~ FOURITER TRANSFORMS )
1Lt BHETAT KO SFAN + [/ KL | K1 SFAN + £70 K2 | K2 8PFAN 4+ L1 K3 | .
s KO ARG L0 A0 21 E70 RO 2} 3 ‘ i
34 9BTAT K1 ARG L3 AL 20 01 BL 21 K2 ABR L0 A2 20 071 B2 2

4 K ABR L1 A3 21 L) B3 21

§ 3 ~108TAT KL ARR 4DUF  CL FX 26WAF 61 FX F- [’1 Al
& 81 Fx 25WAF C1L FX F+ L0 Bl
7 R2 ABR ADUF G2 Fx 208WAF 82 Fx F- L701 A2

Fx 28WAF G2 Fx ¢+ L1 B2

? tORFHAN K3 AB@ 40UF €3 FX 28WAF 83 F¥ F- L1 A3
10 83 Fx 28WAF C3 Fx F+ L1 B3
L 3 LOSTAT  ~LOSTAT ADOFT
12 LORFHAN  BO B2 Fd+ BL F+ B3 Ft A A2 F+ AL F+ AS Fit KO Akl
13 BO B2 F+ B1I F- B3 P AO A2 Ft AL Fe A3 F- K1 aBl
14 BO B2 Fe Al Ft+ A% F- A0 A2 Fe BL F- B3 Ft K2 AR
16 RO B2 F- AL F- A3 F+ AO AR F- BRI Fd BRI Fo K3 ARt ¥

»
4

RRRENR

— e arme aeem s s

}
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2018 7
0 ¢ BJM ~ FOURIER TRANSFORMS ) B
Lo 126TAT 88TAT  ZERO IF  98TAT ELSE 108TAT THEN ADROFT 3§ ¥
2 0 L3BTAT ZERO NOT IF 78TAT THEN KB Kg L~ SFAN + DO ‘
3 071 RO ! 128TAT =1 HLOOF §

148TAT ZERO NOT IF C1 Fxx2 61 Fxx2 F-~ [’] C2 21

v Fe C1l Fx 81 Fx [3 82 2! THEN §

& ORFHAN KO SPAN + L1 K1 | K1 SFAN + L1 K2 !

7 KO AREe L7710 A0 21 L1 RO 2 ZERQ IF

) Kl AE@ [£’J a1 21 (71 Bl 21 K2 ARQ@ €1 A2 2

9 L2 e 2t ELSE ~108TAT THEN #

1Q I0ORFHAN RO BRI F+ B2 Fit AO AL F+ A2 F+ KO AR!

Ll AO AL AR F+ Fo8 FX F~ L1 A0 21

12 Al A2 F-  C30 Fx L1 At 2!

13 BO Bl B2 F+ F.8% FX F~ L[’3 BO 2! Bl B2 F~ £30 FXx £’1 B1 21
14 RO AL F+ A0 BRI F- K1 AR!

18 RO AL F- A0 BRI F4 K2 ARt ¥

>
-s

P e R L

2019 ;
0 ¢ BIM ~ FOURIER TRANSFORMS ) y
L SWAP ¢ ¢ KO~1 KO DUF 0= IF 1 4 0 I~ DROF ELSE 1~ THEN ) :
2 1 178TAT  148TAT  KE  DUP 1~ SPAN + b0 X £43 Ko |
3 LSWAFT ADOFT LSWAR] ADOPT =1 +LOOF §

4 3 H188TAT KO ARE@ 2BWAF 4DUF RO F- 28WAF A0 F~ K2 AR

& BO Ft  28WAF A0 F+ KO ABI 3

6 3 LBSTAT K2 1= DR 23 K2 o ARR B0 A0 21 BT RO 21

7 +188TAT 3

8 ¢ 198TAT BEGIN KO 1- DUF L1 KO ! KB < NOT IF 18BTAT ABGAIN 3
9 ¢ 208TAT ~1 £’ K2 +!

10 - K2 ABR 4DUF  C1 FX  28WAP  §1 Fx F- [‘1 40 21

11 1 Fx  268WAF C1L FX F+ [71 BO 21 +188TAT 3

12 1 R2U8TAT BEGIN KO 1= DUF L7 KO ' KE = NOT IF 208TAT AGAIN g

13 ¢ 228TAT KB BPAN + DUP 173 KOt GPAN + L/J K2 | 3

14 ZEROD TF 198TAT ELSE RLE8TAT THEN 4

L

>

>

- o

2020

O ¢ BJIM =~ FOURTER TRANSFORME )

1 J0RPHAN KK 1~ DUP £/X JK 1 2/ L1 KH )} II 1~ 00 @ £7J K3 |

P KE SGFAN & L2 KO 1 )

3 LORFHAN KK 14 0 00 I GF 20 20Uk CL Fx L 8F 20 81 FX e ;
4 Lol OF @100 81 % 0 8F 20 OF Fx Fe L L4 8F 210 LOOF ) b
G 8 RUBTAT LSWAF] ADOFT  ZERO NOT IF i i= L'3 KK | :
& i 1 CF 21D 81 1 8F 210 CHWARDT AROFT  THEN § :
7 PORFHAN  KH 4+ 1 10 K X e EO0 KK i
& I CK 20 C2 Fx I &K 20 82 Fx F~ 2DUP ;
9 RK CK 210 ¥ 1+ CK 21D

L0 I OK 2@ 82 Fx 1 8K 20 €2 Fx F+ 1 14+ 8K 21D
L T 14 8K 20 FMINUSG KN 6K 21D LOOE :
12 1 278TAT KF JOF = NOT IF LT GG 20 20UP 200F £ 02 2 1 CK 2! .
13 JRCK 200 I1 88 2@ 20UP £-3 82 21 1 8K 21In ’
L4
135

G2 FMINUS UK 8K 21D LSWARD AlOPT THEN #

Tk R2
Bl ol e st N aitnis e
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2O
O C BJIM ~ FOURITER TRANSFORMS )
L ORFHAN KO L= DUF £71 KO ! £71 Kl P KO KF + 071 K2 |
2 KO ARG 40U 71 A0 21 B0 RO 21 L7101 A3 21 L7131 BY 2t
31 2BHTAT KL AR@ L4 AL 20 L0 BL 2
4 K2 Ar@ K20 A2 20 £/ B2 20 3
B 01 296TaT KF JIJ -~ [21 KK !
& K1 AERE 40U JJJ CF 20 Fx 28WAF JJJ SF 20 Fx F- L7131 Al 2!
7 A BF 20 Fk Q8WAR JJJ CF 20 Fx F+ D71 BL 21
8 K2 ARR 4DUF KK CF 2@ Fk 28WAF KK &F 20 Fx F~ [0 A2 21
9 KK &F @@ FXx 26WAF KK CF 20 Fx Ft+ K0 B2 21 %
10 I0RFHAN AL A2 4DUF  F+ JJJd Ak 210 F- JJd AM 21D
L BLOBR2 40U FE DU BF 210 - JJd BM 21D
L2 JJbJ AR 28 £Y1 A% Fil SO RP20@ D07 B3 F4D 6
13
14

15

-

2022

O ¢ BJM = FOURIER TRANSFORMS )

L3 Z1LSTAT C8WAFID ADOFT  KH 14+ 1 DO 1 £70 Jad !

2 SFAN DUF K71 KL 4! MINUG £40 K2 +!

X ZERQ IF  288TAT  ELSE 2QQ8TAT THEN LSWAFI1 ADOFT LOOF §
4 1ORFHAN  SFAN DUP C70 KL +!1 MINUG 0701 K2 ! Jdo B0 UK g
] AO £ AL 20 BO L7 BL 21 FO. 20UF L’ A2 21 L1 B2 21 ¢ &
& LORFHAN LSWARYT AROFYT  KH 14 1 1O
7 T AP 20 JK OK 2@ FX L1 A1 FHD X AM 20 UK 8K 2@ Fx L1 A2 Fi!
8 LOBP 20 UK CK 2@ Fx L70 B1 F+) I BM 20 JK 6K 20 Fx C3 B2 F4l

9 JAJ LT UK A UK KF 4 NOT IF KF MINUG €70 JR 41 THEN LOOP ¢ o
10 TORFHAN LSWAFI ADORT B1 AR F+ AL BR F- KL AR!
1l BL A2 F- Al B2 F+ K2 AR §
120 BUETAT BRI A KO ARl KO NUE £/ KLt K3 + B3 K21
13 KH 44 1 00 1 £ JJd) 1 ESWAFD ADOPT LOOF 3

14 ¢ B6BTAT BEGIN SLETAT USTAT KO KB » NOT  END KF L70 JF | #

2023

0 ( BJIM - FOURIER TRANSFORMS )

1l CREATE L2 O » O ¥

2 1 LASTAT

5 A KF s JF L38TAT BELBE 8 KF = IF 128TAT

4 ELSGE 2 KF o= IF 228TAT ELSE

% QEBTAT 27HTAT J68TAT  THEN THEN THEN §

é F7ETAT BEBIN T 2 - € @ JJ 4 L72 JJ 1 G LY - G @ < NOT IF
7 “1 71 XY 41 IX C G MINUS C£‘2 JJ +] AGATIN ¥

&8 388TAT MM L7 XU OV O K70 ZERO ! TX 4~ D@ K70 KB 41 3
9 3 BPBTAT C1 L/ C2 21 OM G FXx 8M 81 Fk F- [1 Q1 21

10 BM C2 FX CM 81 Fx P+ K70 81 21 #

L1

12

1.3

L4

1%

e

>e
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2024 ﬁ
C BJIM ~ FOURIER TRANSFORMS ) %
9

K

LAL2LS  REGIN ¢ LI13 ) GeTaT
REGIN I L2 1 1 &8TAT ;
BEGIN [ L2 24+ 1 L3BTAT 4
I MM <0 DURF XF L 070 L1 4! THEN NOT I L2 @ 1 END ﬁ
IBSTAT KRB KN < DUF TF JI789TAT f
IT MM o= DUF TF DROF F98TAT THEN NOT L L2 24+ @ 1 END
I B @ IF 1 OO0 ITT 4! THEN THEN NOT [ L2 @ 1 END i
KN N = NOT C GOTO L1 > END §

¢OMIXED LLL2L3 ¢ S ! [0 50 V.

1o KT 1 > IF 1 KT 1- 10 -1 I FACTOR 4! UPDATE

1l I FACTOR @ 73 II 4! =1 +L0O0OF  THEN §

12 MIXED 7 €. PSFACE . FORGET S8TAT

QG\&&LE&&?—JHOO

BSASSTRR G & =
Skl TGSl e Lt

15
2025

C BJM ~ FOURIER TRANSFQORMS )
LT IARRAY ©
PLESTAT JJJ D@ KB 4+ DuUE £21 K2 1V B3 K3
Jdd L 0@ L RN SV I B S WAL Y |
KB 4+ L2 ROV g €@ ) ~ K70 SFAN t 8

IR R B R B A I R

@\i&b’;-bbiwi-‘-oo

POL78TAT BEGIN KO AB@ K2 ARR KO AR! K2 AR! 3
123 KO+ 1 K701 K2 41 KO KK < NOT END § ;%

POLLASTAT REGIN KO JJ 4+ 571 KK ! L78TAT  GFAN L1 KO +! &
GFAN L[71 K2 +! KO R¥ = NOT END # ¥

9 3 2LOBTAT BEGIN LLASTAT KO K3 SFAN + < DUP IF 2

£ Jub U @ o~ 01 KOOt THEN NOT ENI o
11 1 BLO6STAT BEGIN 20L.68TAT JJJ 0 @ K71 K3 40 K3 KB -~ JJJ) 1~ D @ <%
12 BUP IF K3 JK + £77 K2 | JJ £’ JK +1 K3 JJJ D B - JK £
13 L2 KO ! FHEN  NOT ENX § &

14 3
18 e
BUM = FOURIER TRANGFORMS ) k

LBSTAT BEGIN 1 L1 IX 4+t JJJ IE 86 10 IT KK <« NOT END § 3
LLESTAT BEGIN LESTAT BLOBTAT JJJ KT « DUP LF e
Jod FACTOR @ XX 4+ L7010 KK 1 E23 G+ 3
LBSBTAT THEN NOT END ¢ A
POALSSTAT BEGIN BEGIN LLSHETAT K3 £’0 KR | 1T 0 » BUP XF K
L8 @ 00 JJdd | =t B0 X3 %l THEN NOT END LS
KE N « DUF IF L L1 JJd 1 THEN NOT END §
P OAPERMUTE KT O » IF 1 L7313 JJJ t FO. L7 KB | £70 XX | 2LOYTAT
THEN KT € @ L0 UK | KT It @ L7 SFAN | z
KT MINUS L1 M +! SPAN UK /7 2 ~ L/1 KB ! 3 Bt
IPERMUTE KE TARRAY K JRK 1= DUP FARRAY TA FARRAY TE
3 408TAT KB 1+ L 0O KT L71 KK |
BEGIN KK 24+ D@ L70 JJ 41 Jd KK I @2 < NOT IF
KK & @ MINUS L7221 JJ #1170 KK +!1 AGAIN
JJT o= IFOLD MINUG  ELSE JJ THEN I R ID LOOP §

e e M~ N

WP OOHNDEDIJNNS = TO

Hehte s i
S Ty

i

. Tk A
B A e
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.

2

O ¢ BJIM ~ FOURIER TRANSFORMS )

Lot 4LESTAT RB i+ L 00 I R @ O = ¥F I 71 K2 8

3 HEGIN K2 R € ARG 71 K2

3 K2 ¥ = NOT IF K2 R @ MINUS K2 R 1D AGAIN THEN LOOFP 3
4 ¢ LLBSTAT BEGIN 1 L70 JJbJ 41V Jdd R @ 0 NOT END

G JAI R @ L1 KK L UK KK X KR + K701 RO 3§
LESTAT REGIN KO IT + AR IT Ta 2010 II Tk 210

7 L o723 X0 4+t IT JUK = NOT END O L1 I vV %
LOLESTAT REGIN KK R @ MINUS L1 KK | KO £71 JJ !

9 JRORK ¥ KB 4+ B2 KO ! REGEN KO II + ARE

10 JIIT O+ ARl L EZ2 IT +!

11 LY UK < NOT ENI O L7101 11 KK JJdd = END §
12

13

14

1%

o
e

s~
L2
»e

O BJM ~ FOURIER TRANSFORMS )

1 ¢ LESTAT BEGIN II TR 2@ II TA 20 KO II + ap!

2 LT T AL RD UK = NOT END O 573 1% ) ¢
J ¢ 2LEBSTAT BEGIN REGIN LLBSTAT  LOSTAT  LILESTAT  LFSTAT &
4 JJ K225 NOT END O L0 JJd ! :
¥ GFAN T7F KB+ KB KN < NOT END §

LASTAT O DUF DUF E3 KN )V L3 I F 0203 Jdd |

7 BEGIN KN L71 KB | K& 071 KN +!

th 2LESTAT KN N« NOT END §

2PERMUTE KT M 1= < ITF M L4+ KT D0

10 . ' e Je 7z 5 0t LOOF

L. O K71 JJ 1 408TAT 4L18TAT LASTAT THEN 3
12 2FERMUTE

13 FORGET FACTOR

o
-e

-
~
..

2029
O C BJM - FOURIER TRANSFORMS )
LOPERACE 37%0 o IFTRUE CR % NO SPACE FOR -FFT* QUIT TFEND
FO« FOONSTANT NFLOAT
P oB/H FL NV FLOAT F/ L0 NFLOAT 21
N OO 0 I ARE NFLOAT FX 2B6WAF NFLOAT FMINUS FX
26WAF T AR LOOF §
PRGN O DO T ARE 28WAF FMINUEG 28WaPF T ARD LOOF §
~RHG FFT B’8 FORGET NFLOAT
8 EXIT
4
10
Ll
1
13
14

145

~
~

NNER D LI
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R

2030 :
BJM ~ FOURIER TRANSFORMS ) 3

¢
L3 CASET L1 CAREA | § : 3
2 4 VALUES DUF $= NO 2% DUF DUF LT N ! C71 NV L E/3 K8 ! 3 3
3 ¢ FOURIERDATA ARCOMFLEX 2@ MULT FXx ¥ E
4 ¢ FOURIERDATA L2 FOURIERDATA $= DATAFOINT # 5
8 #

P CORRPLOT N MOD ARCOMFLEX 20 #FIX 3 5
tF DIFFERENTIAL DUF 1+ CORRFLOT SWaAP 1- CORRFLOT - & . ¥
tFPLOT ARG AMPLITUNE FFIX §

N
= e i
N

i1 ]
12 A
13 :
14 g
15 -
2031 2

O ¢ BJIM ~ LEAST SQUARES FOLYNOMIAL )
1 220 FARRAY FX 120 FARRAY FY 120 FARRAY FW et
8 FARRAY AR 104 FARRAY FA 4

2

3 Ay
‘4 FO. 2INT PR FO. 2INT FC FO. 2INT 81 FO. 2INT $2 FO. 2INT SMIN
& 0 INT LA O INT LS 0 INT NI O INT NORD 4
6 O INT 1LASYT O INT IK O INT IJ O INT LT O INT KK b
7 0 INT IKK O INT KKL 0 INT KKJ 3
8 O INT 1Y O INT 11X O INT ITJ O INT IILJ gl
9 0 INT FL 0 INT FK O INT F.J O INT IMIN ]

LO O ENT IMIN O INT NKK O INT KKK :
L1 O INT NN O INT NNN O INT LAST 3
l:'- b ::# #
13 8 4
14 $8 3
18 386 g

2032 3
¢ BIM o~ LEAST SQUARES POLYNOMIAL ) By
$OIFLS L LG X 4 LAt b S

$ LPOLY  NNN NN < 1+ 703 NI |

NNN 44+ NN B0 L FW 20 FO. Fm EF O 1~ L0 NI +1 THEN LOOF

NL % « IF O L3 NORRN 1 1 ABORT" NI « & * THEN

LAST DUP DUF L2 ALAST P K43 XK | NE =~ 2 4 0 » IF

NI 2 = [22 LAST | THEN LAST DUP 2 + C£71 L8 | 3 x 2 + £/7 LA |
LABT 2% 14 L70 LT !

4 1 N0 FO« I Pa 210 FO, LT X 4+ A 21D LOOP

NNN 44+ NN DO T PW 20 0 Fa FeI0 L PR 20 1 PX 20 F D70 PR QI
FB 2 FA F4HID T PX 20 PR Fx 3 P& FHID T PW 2 T FY 20 FX 3
9 LT L4 FA FHID LT FY 20 PR FX LT 2 + PA FHID LOOF L E77 NORD | §

SCeTNDDUDIHNEE-=C

PR R~
[ R

‘ g

14 38 e
15§98 ;
iy

£

P A




St Andrews FORTH

2033
QO ¢ BUM ~ LEABT SQRUARES
1 ¢ 4P0OLY KK 14 2 DO I
2 KR 1+ KKK no 4 U FFIJ
3 KKI PA 20 L1151 A
4

v

é
7
)
9
10
1
12
13
14

15

J

+
L]

Pl FLOAT FPUWR
FJd FLOAT FRWR 4 2UF
NORYY FLOAT FPWR Fx I Y
POBROLY NORD LAST
FOo FJ FA 210 FO.
FO+ IKRK FA 21
LLAST L70 LAST 1 1 THEN

£ IF
NIRRT

-
¢

- i
-

2034
0 C BJIM
13
KK 1 00
IK FA 20

= LEAST SQUARES

-~
~

e B R B 1
LJ A

IK
210 LOOR

4
¢

LN RE L

IFOLY KK 1 00 KK I
I 1+ L73 BEK 1 KK 14
L IFES 70 RKY
KK 1+ 2 DO
10 IFLJ

b

P’

.

L1 KKY ! KKY

WO EEND

10 F+10 LOOF LOOF PL A+ 1
11 % IFTd L1 XIXJ | 1DNd
12 s

13 39

14 38

15 49

203%
O ¢ BJM =~ LEASBT SQUARES
1 3 6POLY FO¢ L4] 82 21

whalh &

2 NNN 1+ NN D0 NKK FA 20

TRL 62)
LS G 4

IKK | J X 2@
2@ Fe FX¥2 1T PW
NI PL ~ FLOAT L£'1 PE 2|
NORD 2 = NOT 62 GMIN F
NORD L0 THMIN | P Wk

H

1

3

13
13
14

o

148

< e> e e> w>
N I I N In
D L

S;QI'F’.Qt;i

FOLYNOMIAL

LT

Ll LT
20 PC FX FX FMINUS L1IJ FA F+I1D

ZFOLY NNN 1+ NN DO T FW
G 2UF Fx PJ FA FHIR
Fx )

ety

i

A

7FOLY O ELSE

-

¥

FOLYNOMIAL
2PF0LY KK L D0 I KK IFLS £0)

|
P

TELD DU
KKK T} FO.
1 KKI FA
L g IFYa L0 11X

A
o
(4]

FOLYNOMIAL
NORD 14+ KK IFIJ L71 NKK

L2

Gl
20
b

#1

1o

Peosiran Liabirs

)
I1X
1 X

Ji
!

!
TELd £73

2@ 2nuUR T OFX 20 20U
1+ PA F4+ID

F% IKK PA F+I0 2DR
21 NORD 41 NORD 2%
S0 NORD 1+ LT + C
IMIN L701 NORD !

)

IKK 01 LY + L7
LFLD L7 1) !
2@ IKK Fa 210 L

JT
Fé

=R FL FMINUS R
KK T IFILJ FA
2@ F/ L1 PC 2
P RK L KKK 00
20 IIY PA 20 PO OFX
KK 14 KKK DO J ¥ ¥F
2@ IXJ PA 210 LOOP

)
§1 2 NORD L4 1 DO
Fx IKK FA 20 F+ £°0
e L0 82 F4t LOORF
FB P/ FSART L0 82
TF 82 L1 SMIN 21
1

KK IFLJ PO 20 X

SPOLY NORD 14 DUF K20 LoD X+ 071 KK 18
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KKT

LOOF LOOF

-

P 2DUF

a

OF LOOF 3

E1 'Pd
‘1 IRK

1 PR
QOF 3§

A 210
210 Loor

L71 KRKI !

I 1FLd 70 3Td )
Fx FMINUS LX) FA
S S Y R R I I X
LOOF LOOF

¥

|
NORD 14 X - KK
i 210 LOOP

oy
p

AR 210 LOOF THEN @




Sbe AMGrees FORITH

BaM -
CLEAR FO.
2 FO. E%) 8

£

"
21

FE 21
FOo £

.....

$ 3 SCLEAR 22 0 DO 71 LA I
4 ( THES CLEARS 22 INTEGEF
G ACLEAR 8 0 DO FO. I aK

4 ¢ CLEARALL CLEAR SCLEAR

8 ¢ FOLYFIT CLEARALL 1POLY

9 2POLY IFOLY &FOLY 8F0OLY B

t CALCROLY FO.
11OLOOF 28WAR
12

13 3
14 %

15 1

NORD
SQOROF

EE S )

DATA-FRINT NNN 14+ 1
ERRSG NNN 1+ 1
FY

1o

2@ F- F.

2037
O C BIM - SPFLINE
1 10000 CONSTANT FOINTS

¥4 XTIV XD D UFDATE 3

YEL YL 20 URDATE §
ACCERT FTNUMBER @
iU YD R XTI

LHUF

1O L FRINTFOINTS CR PTNUMRBER @ 1+
11 3 CLEARFOINTS O FTNUMBER

L2 FLO FLOAT 3§

L3 ¢ FUR FUARTARLE §

L4 e

LS 38

2036

O ¢ RBIM - SPLINE
112 CONSTANT NP
FUR LY FUR L1 FUR
}ORANGES DUF 2 XTI ~ SWAF
¢ORFSET REGIN DUF DUP RE
THEN R @ L1+ XI
FL RF @ XI
@ 1t RE -~

LPLG
LA1C RE
L2C RP @ XY
FRPLC RF @ DUF 2008 2R
XI = FLOAT P/ FP1

FERQC RE @ DUF 200F 2R
- FLODAT F/ FRr2 21

R

e *o S o

-e

D LI O D NDIED LIS

Dot Pl Bt Rl s

(&2

vu et

LEAST SQUARES FOL.
FQ.

$5]

no croX o4
LOOF

FUNCTION )

¢ XI XTI @ ¥
LH0 »
L FTNUMBER !

FUNCTTON )
VaRTARLE

S O R

@ 1+
FLO LP
- FLO FO« L

e Prostram listing

JYNOMIAL )

L3 FC 21
21 FO. [L"1 SMIN 21 %
L2 % + 0 SWar | LOOF §

200 LOOF 104 0 00O FO.

ACLEAR §

BEGIN SFOLY

NI §

DG 20VER T i~ FLOAT FPUR I AR 2@

CROI

R

FW F? I FX F? I FY F?
I FX F? I PY F?

LOOF 3

FTNUMBER FOINTS BLOCK 1020 + §
XL & x FOINTS BLOCK + #

§ YL XTI @24 ¢

YR YL 2@ ¢

ABORT" PTNUMBER
UFDATE

TOO BIG"

O o I XI 6
POURDATE §

KT YL Fe OR

RF 1 RE |
L2 FUR FPL  FUR FP2
NE
i 14

XI « % ¥
XI -~ O0< NOT IF
ENIC 9

I RP 1

X1 - FLO F/ LPL
120 FX LL 20
Pl 20 F- FX L2 21 9
wRO4+ YD Ry 1= YI Fe R®
21 3
w2 YT R
$

2t 3§

I+ XTI R

~

YI Fe Rb 24 XI Rd XI

o~
A
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LOOF

1o

&

0 GalATIS LR we T

B st s i




e
Yo

20
Q

")

3
a4

2
&

1O
11
12
13
14
1%

o+
“

Aretrews FORTH BalsFe8s Frogram Listing RJIM 10 AUG 1981

59

C BJM -~ SFLINE FUNGIION )

CRACRP R OYD L2 20 FROFX FIL OF+ Fx L1 20 FXX2 Fx §
PR ORP @ 1+ YT L1 20 F2 FX Fl F+4+ Fx L2 20 FXX2 Fx §
PG ORF @ 14 XTI - FLOAT FFP2 20 FX L2 20 FXX2 FX 3
¢PDRF @ XTI ~ FLOAT FPL 20 FX LI 20 FxX2 FX 5
OFODUR DU L1C L2C DUF R ROT #C PR OPA F+ Fd Fd o8

¢ FARCHANGE RF @ SWAF RPSET SWar RF @ -~ IF LFLC FPLIC

FFA THEN §

2040

0
1
Py
3
4

e

W

Gk =0O TN

b

C BIM -~ HELTOCENTRIC CORRECTION )

FO+ 2INT REUN FO, R2QINT RA FO. 2INT HA FO. 2INT DEC

FO« 2INT DX FO. 2INT DY FO. 2INT DBZ FO. 2INT VA FO. 2INT VD
FL. 360, RINT F360 FL 86164, 2INT SEC FL 6378.2 2INT RADIUS

PU-ROFROFX P FX F360 F7 8 ¢ H-R FL15 Fx DR $

( CORRECTIONS FOR RADIAL VELOCITY )
¢ CORRECTION

KA FOCOS DEG FCOS Fx DX FXx RA FSIN DEC FCOS Fx Ny
Fx Fd4 DEC FOEIN NZ FX F+ FMINUS (= VA

Fa PL FX RABIUSG FX DEC

FCOSB Fx HA FBIN Fx SEC F/ FMINUG 3= VD

VA U F4 ROUE 3= REUN

CR o* RBUN = % F, " KM/8" CR

ST
- »

2041

0
i)
2
3
4
8
é
p
8
4
10
1
12
13
14

15

¢ BJIM ~ HELIOCENTRIC CORRECTION )

+ O REUN-CALE

CR O« RA= * FASK H-R §= KA " DEC= " FASK DR i» DEC

o LET= " FABK HeR RA F- 3o HA GR " DX= * FABK $= X
U DYE Y FAGK fe DY LM DZ= 0 FABK = DZ CORRECGTION §

¢ BETUP CR

¢ SFECTRUM = * ABK = GPEC  CR

CRo* D0 YOU KNOW THE SOLAR VELOUITY * Y/N

IF CR o * RBUN= " FAGK 1= RGUN CR ELBE RSUN-CALEC THEN §
EXLT

P CALEC CR WY RA=" FABK H-R $= RA  DEC=* FASK D-R $= DEC
CR " DX=* FASK = DX o Dys" FASEK &= N0Y " DZ=* FAGK = [OZ
GRO* NOGVALUES=* AGBK O 10O CR +* LBT=" FAGK H-R RA F~ $= HA
CORRECTION LOOF

- £ e
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2042
O ¢ BJM ~ DATA HANDLING )

LFOs QINT UM FO. 2ENT AUPTS 2856 INT N/74 767 INT 3N/4

2 ¢ REORL N 2/ 0 DO T ABE N 2/ I + AR I AR! N 2/ I + AB! LOOP &
3 ¢ TRANSFER FO. 3= GUM NO O DO I FT @ FLOAT SUM F+ 3= SUM LODP
4 GUM Nu FLOAT F/ = AVUFTS NO 2/ = N/4 NO 3 % 2/ 1~ = 3N/4
GNO DO T N/Z4 < 1 3N/Z4 F OR IF FO. FO. I AB! ELSE FO. I N/Z4 -

6 FT @ FLLOAT AVFTS F- F1000 F/ I AR! THEN LOOF

7 ¢ BACKTRANSFER NO O IO I N/4 + N MOD ARCOMFLEX 20 F1000 FX

8 AVFTS F+ FIX 1 FY | UFDATE LOOF 3

? ( CROSS-CORRELATION ROUTINE )
LO 3 X8FEC N O DO STNIY CASBET ¥ O= IF 0 ELSE N I - THEN AER
1L SPRM CASET I AR Cx I AR! LOOF § ¢ CCF L[’ XSPEC $= COF/VBF §
L2 ¢ DECONVOLUTION ROUTINE )
13 1 DECONVOLVE N O 0 SFRM CASET I ABE STND CASET { AR@ C/
L4 SFRM CABET I AR!D LOOF § & VRBF 71 DRECONVOLVE $= COF/VRF 3§

10

2043
O ¢ BIM ~ LOG LAMDA CONVERSION )
1 FO. 2INT XC  FOe 2INT Y1 FO. 2INT Y2 0O INT XI

3 1 LOGSCALE

4 CR +" ENTER WAVELENGTH REGION TO BE USED®

W GR " BTART= * FASK = LBTART CR +* STOF = * FASK = LETOP
6 LETOF FLOGLO LETART FLOGLO F- NO FLOAT F/ t= LSCALE $
7
8
?

! LOGCONY -
LETART XCALC FIX f= SHIFT
10 NO O D0 I FLOAT LSCALE FX LSTART FLOGLO ¢+ FALOG XCALE
11 Fi FMAX  NO SHIFT + 1=~ FLOAT FMIN 2DUF $= XC FIX &= XI
12 SOURCE SASET XI FT @ FLOAT $= Yi XI 1+ PT @ FLOAT = Y2
13 Y2 Y1 F= XC XI FLOAT F- FX Y1 Ft
14 DEST SASET FIX I FT | UPDATE LOOF

2044

O ¢ BJIM « MAX/MIN FINDING ROUTINE )

1O INT +PLACE O INT WAY FO. 2UINT PEAR

&2

3t GORAD DUE 14 DATAPOINT EXECUTE ROT L1~ BATAFOINT EXECUTE F- §
4 3 ~PLACE ~3 020 +FLACE -+l BEGIN L £21 4FLACE 41 +PLACE GORAD
S FOs WAY EXECUTE ENI 4PLACGE L= CORAD 200UF +PLACE CORAD F- F/
& FPLACE L~ FLOAT F+ §

7 1 F/SCALE ORG F@ F- FRAME FE Fx RNG F@ F/ FIX §

8 1 FSOALE 28WaAP Y F/8CaLE ~ROT X F/8CALE CORNER 2@ U+ 3

9 ¢ PLACEMARK ~FLACE 2008 2WUF FIX DATAFOINT EXECGUTE

1O 28UWAR FECALE OFF -8 -5 U+ DRAW ALFHA «f CR §

Ll

Lt 2PK RAR 3+ = 4PLACE PLACEMARK 20UF = FEAK §

13 :

14 3 PEARS L2 Fo 3= WAY 3 3 TROUGHS K71 F=  t= WAY §

1%

B Mg rews FORTH BeleleBe Program Listing BJIM 10 AUG 1981 12%

S




Bt Andrews FORTH Gelslawe Program Listing RJM 10 AUG 1981 122

i

e e X NG LT

LN

NVWENDIEDLHIR=OTO

BJIM -~ LBT.8Q.PARAROLA ) j
FARRAY MATRX 3 FARRAY CONST 3 FARRAY $0L § ZERD 9 0 IO FO. Bl
ATRX 210 LOOF 3 0 DO FO. I CONST 2100 FO. I S0L 21D LOOP ?
=MN - 3 % + 1- 3 ! GAUSS/S0LVE 4 2 D0 4 2 N0
I =MN MATRX 20 . 1 =MN MATRX 20 1 1 =MN MATRX 20 F/
I =MN MATRX 20 Fx F- ) I =MN MATRX 2!D LOOF ¢
1~ CONST 20 1 1 =MN MATRX 2@ 1 1 =MN MATRX 2@ F/
O CONST 20 FX F- I 1~ CONST 210 L.O0OP i §
4 3 =MN MATRX 20 3 2 =MN MATRX 2@ 2 2 =MN MATRX 20 F/ i
2 3 =MN MATRX 20 Fx F- 3 3 =MN MATRX 21D :
10 2 CONST 2@ 3 2 =MN MATRX 2@ 2 2 =MN MATRX 20 F/
11 1 CONGT 20 FX F~ 2 CONST 21D :
2 CONBT 20 % 3 =MN MATRX 2@ F/ 2 S0L 2D %
L CONST 2@ 2 3 =MN MATRX 20 2 0L 20 F¥ F- 2 2 =MN MATRX 20 £/
14 L 80L 210 0 CONST 2@ 1 2 =MN MATRX 20 1 S0L 20 F% F- 2 SOL 28 E
15 1 3 =MN MATRX 20 FX F~ 1 1 =MN MATRX 20 F/ 0 SOL 210 § =3 ;

3

BUM ~ LET.HQ.FARAKOLA )

NeEa oo MAX/MEIN ROUTINE NEEDED ) 1
INT FTH  FO. 2ENT X/ FO. 2INT X0 FO. 2INT Y’ FlL. 3, 2INT F3
Frin F+l URDATE § 0 O INT LLIM O INT ULIM ?
FOINTS L0 PTG | ZERD 2FK FIX PTS 1 2/ 4+ 14 DUF ¢= ULIM

FT8 = 3= LLIM ULIM LLIM DO I FTS + FLOAT FEAK F- s X/

I DATAPOINT EXECUTE = Y’ X’ F4 FPWUR ) L =MN

MATRX F4+!10 X7 F3 FRWR 200F 1 2 =MN MATRX F4+10 2 1 =MN MATRX i+in
8 X FXX2 20UF 20DUF 2DUF 1 % =MN MATRX }ilﬂ 2 2 =MN HATRX F4IH ,?
? 3 1 =MN MATRX F+I10 Y’ FXx 0 CONST F4ID X7 20UF 20UF 2 3 =MN HATRX!
1O F41D 3 2 =MN MATRX FFID Y’ FX 1 CONST lf'ﬂ YO 2 CONST F41D LOOE,
Al PTS FLOAT J 3 =MN MATRX 210 GAUSS/S0LVE .
121 80L 20 F2 0 801 20 Fx F/ FMINUS FFAK Ft PTS FLOAT F~ 8= X0 § ¢

R - T ¢+

L3¢ QUAD RDUF FE¥2 0 S0l 20 Fkx 28WAP 1 SO0l 20 FX F+ 2 80L 20 Ft P
Aa 13 R QUALFLOT FTS 4+ FLOAT FEAK F- QUAD BIX § ¢ FIT 13 APLOT §

" PR :}1

2047 %
O ¢ BJIM ~ LOT«80Q.PARAROLA ) &
I FO« 2ENT 6X  FO. QINT 86X2 FO. 2INT 8Y FO. 2INT BIRES
2 FO« 2INT DIIS  FO. 2INT X4+ FQo RUINT X~

4 toXCAL 2 80l 20 28WAF F~ O 80L 20 FX F4 Fx L 80L 20 FRKD 28WAP
G Fe QMU tw 056 FO. Fx XF 4 S0L 20 FMINUS “ﬂUP DIS FEART 20U
6 2ROT 2BWAP F+ -2R0OT F= 0 SOL 20 FR2 FX 20UP 2ROT 28WAP F/ to X= 4
7 F/ &= X+ THEN

re

? ¢ ERROR FO. tw X FO. $= 8X2 FO. $= 8Y

10 ULIM LLIM 0O I DATAFOINT EXECUTE

L1 XCAL D8 FO.o Fx IF F1 8Y F+ s 8Y I FLOAT X0 F< IF X4+ ELSE

12 X THEN 1 FTS + FLOAT FEAK F- F= 2DUF 8X F+ $= SX FRKR2 8X2 F4
L3 $= 6X2 THEN LOOF 8Y §X2 Fx 8X FXX2 F- FBORT 8Y F/ $= SDRES §

'.\l
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Brirews DR TR ek eFoms PrOETE Wl enns  EJIM 10

BJUM ~ WAVELENGTH CALIBRATION / BASICE )

FORGET SUBRTASBK 1 SURBTASK 3

10
-4

2 FMT O WARNING |
4 HRLOCK LOoADL ¢ SPLITSOREEN GRAFHICS )

38 +BLOCK LOAL ¢ DISBC ARRAYS )

il

-4
e “5

WA
0

+
*

TO

7 FRLOCK LOAD ¢ LET,SQFOLYNOMIAL )

+ELOCK LOAY SFECTRUMDATA FPEAKS ( MAX/MIN ROUTINE
FRLOCK LOAL ¢ LE8T.5Q.FARAROLA )

REA 7 WORKAREA !
INT ARCNGO O VARITABLE OF

HETYARC SPLITSCREEN O L71 ARCNO ! CR
P ARG 1= " ASK SASET ROT .* ARC 2= * AHK SASET

».,
-

2049

O ( BJM

1

)

K

3

L2

1%

0a

e G% e 2% S%

e s oo

R
PR
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2060

0
1
2
3
4

5

¢
10

Ll
+
z.
4
+

+
+

A
e
R
86
88
$ 8

88

s

REA INT ORSAREA

QRS 14+ 16 L1024 %/7MON ORSAREA + BLOCK + §
NPTS -1 OBS ¥
LEFOS OBS §

XFOS ORS 4 +
FLAG RS 8 +

-r >

INCLUTHE 1 SWAP FLAG I
EXCLUBE O SWAF FLAG D
ZERQ NPTS @ O DO FO. I

",
o

K -y <>

FOS 210 0 I FLAG D LOOF §

BJM = WAVELENOTH CALIBRATION / ARC LINE CATALOGUE )

000 INT ARC-GAT

VAL 14 4 1024 %/MOD ARC-CAT + BLOCK +
NLINES -1 VAL ¢
LLAR VAL 7

CLEAR-CATALOGUE O NLINES 1D #

&
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“ WAVELENGTH CALIBRATION / MEASUREMENT CATALOGUE )
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2§

¢ BIM -~ WAVELENGTH CALTRRATION / ARC LINE CATALOGUE )
POLIST-LINES CR +" NOs  WAVELENGTH®

NLINES @ O 00 CR T DUF « LLAR F? LOOF 3§

2

3
SIS =CO

-
=

! CREATE-CATALOGUE CR " NOJLINES= * ASK CR CR
+ " WAVELENGTH" CR

NLEINES @ + NLINES @ 0 CR FASK I LLAR 2! 7 €.
NLINES @ 14 NLINES 'D LOOF »

N

9 3 CHANGE CR " NO.=" ASK " WAVELENGTH=" FASK ROT LLAR 2211 #

11 3 DELETE CR +* ND.=* ASK NLINES @ SWAF DO

12 1 14 LLAR 20 I LLAE 210 LOOP NLINES @ 1 -~ NLINES 1D 4
R

14 38

15 38

2062

O ¢ BJIM ~ WAVELENGTH CALIERATION / FROCEDURE )

1 ¢ NEXTARC ARCNO NLINES @ = IF * END OF CATALOGUE" CR ELSE
2 ARCND LLAE 2@ 20U F. ARCNO LFOS 210

JOTOP NOF FOINTS X0 2NUF F. BOT NOF FOINTS X0 20UF F.

4 4 F2 F/ ARCNO XFOS 210 )

% 1 ARCNO FLAG 10 1 E70 ARCGNO 41 7 Co THEN §

&+ r NEXTARGC #

8 ¢ DISPLAY ERASE 20UF TOP X SIZE X-GRIND X-AXIS 8SFLOT :
? ROT X SYEZE SPLOT 3§
1O 0 1000 Y SIZE
1
12 8 REJECT 1 L1 ARCNO 41! 5
13 3 BRIF ~1 £/ ARCNO 41 O ARCNO FLAG 1D 1 L1 ARCNO 4! #
R R
1% 38
SO
C BIM «~ WAVELENGTH CALIBRATION / QUTFUT )
}OFRINT-CALLERATION
ERAGE " LINE WAVELENGTH XFO8 (O-CIIN (O-CIEX"
NETS @ 0 DO G T 3 R 2 BFRACES T LPOS F? I XFO8 F?
I LFOS 20 Ll CALCPOLY X8-X I XFOS 20 28WaAF Fe-
IOFLAG @ O = YF 10 SPACES THEN F. LOOF
h AR 20 tm NO 2 AR 2@ te NI O3 AR 20 = N2 4 AK 20 is N3 ;

H AK 20 $fw N4 6 AK 2@ = N& CR CR " ORDER COEFFICTENT®
10 6 FMT & O DO CR T DUPF . 24+ 3 SFACES AK FT LOOF ]
2 FMT CR OR o LZERQO= * LZERQ F1000 F& F. § :

Sele

~

Wi e T
“?

EDMLIK=T VNI EDWR IO

PR N S O

Iy i .“.’3 IS 3

e ey e e
[E3I 228
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2084
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14
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2068

(¢}
1
2
3
4

]

b
7
5]
g
10
1l
12
13
14
1%

¢ B~
CREATE

WAVELENGTH CALIBRATION 7 OUTFUT )
NAME 20 ALLOT

O FRLOCK
§ PRINTOUY
13 IN~LINE

e

NAME. 20 BLANK CR ¢
LkLOAL

ENTER TITLE

A

s ey e
BEY

FRINT
NAME

10 2 FMT CR +#% Wavelendgth calibrati
20 TYPE CR CR PRINTfCALIBRATION OCR CR

( BJIM -~
P CALIBRATEON

FULLSCRELN

ERASE " MAX ORDER FOLYNOMIAL
ARCNG NFTS 100 O OF

NFTS @ 0 DO X FLAG @ 1 = IF L
I LIFOS 20 L-LS 0F & X 20

I XPOS 20 X-X&6 OF @ PY 2t

FL o @ PW 210 THEN LOOF
L7 NN L OF @ L0 NNN !
LAGT % = NOT LF POLYFIT PRINT-CALIBRATION
Gl POLYNOMIAL CaN ONLY 1T UP TO ORIER
ERASE

GR OR
b o :;.

$ 8

REQUITREL = ¥

OF 41

E
5

ol WAVELENGTH CALLIRRATION MORE' CR

2056

(
L
2
3
4
9
b
7
3
9
1O
i1
12
1%
14

1%

¢ BJM
2200

o WAVELENGTH CALIBRATION / ARC LINE
INT MASTER-CATALODGLIE

M~VAL L+ &4 1024 %/7MON

NBETS -1 M~VAL 3

TETLE=IN Fal 30 BLANK FAD 30 EXPECT
M~VAL. 30 MOVE §

TITLE~OUT M~VAL 30 TYPE ¥

1 CATALOGUE-BLOCK M-Val. 40 + 7§

4 e *T

-

I OBELETE-CATALDGUE

NBETS @ SWwar 10 1 14+ M-val 60 + @
Lo M-valk 1T H-Val, 30 MOVE UPDATE
LOOF NSETS @ ~1 + NEETS 1D

$ 6

I M-VaL

WAVELENGTH CALIBRATION / CALCULATION ) :

MABTER

MASTER-CATALOGUE +
FAD SHAR ;

60+

O

BJM 10 AUG 1981 iﬁig

S NAME 20 EXPECT

on ¢ 9

ASK L1 LAST | ¥

L. E 4
* CR THEN ¢ 3

B ot s i gt

CATALOGUE )

BLOGK +

0
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2057

0
1
2
3
4

w
b

é
7
8
4
10
11
12
13
14

1%

9]
1

¢ BIM = WAVELENGTH CALIERATION / ARC LINE MASTER CATALOGUE )
§ ENTER

CRo+ " BLiveNODa= “OABK = ARC-CAT

GRS D0 YOU WIGH TO CREATE NEW CATALOGUE %" Y/N 1 = IF

CR " ENTER TITLE *

L NSETE +10 NBETH @ TITLE~-IN 7 C.

ARC-CAT NSETS @ CATALOGUE-RLOCK 1IN CLEAR-~CATALOGUE
CREATE~CATALOGUE ELSE

CREATE-CATALOGUE THEN §

¢
i
N

AC> Gy N W
-~ -~ ”~ H
moeo

o
sy

703

2OV

¢ BJM ~ WAVELENGTH CALIRRATION / ARC LINE MASTER CATALOGUE )
P CATALOGUE CR " CATALOGUE OF ARC LINES AVAILARLE® CR
CR o« NO.  TITLE" 23 SPACES +" BLK"

" W it o st o g i o o e s s g ahe 200 S e 18 B 208 B2 00 A8 AED B3 S e B S it 5 8
Gl SIEE A0 TR I RIS JESE R TR TG RS U 000 205 080 A0 DB 4T a0 0 223D SN SO MmN nm un nn amnnamn ®

CR oW =N) = DELETE CATALOGUE NODe N v

CR +%  0) < ENTER NEW LINES =t

NSETS 8 MINUSG 0 IF NSETS @ 1+ 1L 00 CR I 2 KR 41 €., 1 SFACES
T TITLE-OUT 2 SFACES 1 CATALOGUE-ELOCK 7 LOOF THEN

CROCR " ENTER NOJREQUIRED " ASK = M

0= IF ENTEF THEN

O = NSETS @ ¢ » AND IF M MINUS DELETE-CHTALOGUE THEN

O % NSBETS @ M < NOT AND IF

CATALOGUE-BLOCK @ t= ARC-CAT THEN 3

XXX

fy

WARNING ' CATALOGUE

2069

1O

10
13
14

)

C BIM =~ NOISEFILTER 7 RASICSE )
FORGET SURTASK | SURTALBK 3§
O WARNING |

=48 +RLOCK LOAD ¢ FFT )
w49 +RLOCK LOAD ( DISC ARRAYS )
=17 PRLOCK LOAD ¢ DATA HANDLING )

WAREA * WORKAREA |
FO., 20NT (B/A)2 FOo 2INT ALFHAO Fl 2QINT A FOo 2INT R

b
o

eI T> T e e
o B
s cr gl s ke i

e

L A PR A SRR
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2060
O ¢ BIM ~ NOISEFILTER / PARAMETERS ) '
18 BASET F/ Fxx2 D70 (B/Z6O02 21 5 ¢ GFIX 1000 FLOAT F¥ FIX §

3t FAB) Fx¥2 ALPHAO FXXZ Fx F2 FX 2UPF FLO Fo IF i
4 FALOG (B/A02 FXx FL F+  F1 28WAP F, ELSE 2DROF FO. THEN #

.o

é GAUS FX%2 ALPHAO FXX2 FX 2DUF FLO F» IF

7 2OROF FO. ELSE FMINUS FALOG A Fx THEN §
8

?

v CUTOFF (B/A02 FLOGLO F2 F/ FMINUS FSQRT ROY
10 FLLOAT F/ = ALFHAO §

12 3 NOISE FO. ROT DUF 2% >R N 2/ DUP ROT + SWAF D0 I ARQ
13 AMPLITULE F+ LOOF F2 Fx R FLOAT F/ 20UF F. A BASET 3
14 e

1% 38

2061

O ¢ BJIM ~ NOISEFILTER / FROCEDURE )

POoS00 INT PTNOISE 1000 INT PTCUTOFF

)

3 ¢ FILTER N 27 1 DO T FLOAT FUS) 20DUF 20UF 20UF I AB® 2>R FXx :
4 2LEWAF 2K X L AR N T o~ ARBE xR OFX 26WAF 2Rx FX N I -~ ABI LDOPR
8 FO. FOWO N 2/ AR i &
) )
7 ¢ FARAMETERS +" NOFOINTS = ¥ ASK VALUES . * THRESHOLD= * ASBK i
8 N SWAP /7 = PTCUTOFF N 10 / 3= PTNOISE § 3
9 :
10 L AUTO FO,., 20 1 DO T AR® AMPLITULE FMAX 1 00F = A
i A Fe FTNOISE NOISE PTCUTOFF CUTOFEF §

12 ¢ AUTOFILTER AREA CASET TRANSEFER FEY

13 AUTO FELTER ~FFT BACKTRANSFER STGNAL 3§
14 e

15 38

2062
O ¢ BJM o~ NOISEFILTER / PROCGEIURE )

L4 P GAUSELOT FLOAT GAUS B F+ GFIX 3 ¢ GAUSPLOT 4 ARLOY § i
2% 1 FIAFLOT O FLOAT FOB) BFIX § 3 OFILPLOT S APLOT § .

d 5 DISPLAY X 8LZE ERASE AXES 8FLOT 9 ;
4 W
W BETSMEC GR % BFECTRUM= ¥ ABK BPECTRUM CR FARAMETERS COR 3
&+ TYFE AUTOFILTER TO CONTINUE® CR 3§

7

B 3 SINGLE SETHBFEC 3

9 1 HRLOCK LOADER MULTIFLE

10 1 WARNING !

13

12 PAGE L NOISE FILTERING MODE * OR

13 CR +# A) SINGLE SPECTRUM -~ TYPE SINGLE®

14 CRoo% B MULTIFLE SPECTRA - TYFE MULTIPLE" CR

15 ¢ MINITABK 3
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2063

¢ BJIM -~ NOISEFILTER / MULTIPLE SPECTRA )

FORGET MINITAGK ¢ MINITABK ¥

O INT LLIM O INT ULIM O INT COM O INT ELKLENGTH
$OLENGTH COM 1 = IF RLKLENGTH THEN

CoM 2 = IF BLKLENGTH 3 X THEN ¥

$ FILTERING CR CR FARAMETERS CR CR CR

ML) ¢ BPECTRA STORED SUCCESSTIVELY ON DISC* COR
JMO2Y O SPECTRA STORED WITH THEIR ARCS ON DISCH

TN TDLIRE=O

CR CR % ENTER CGODE REQUIRED " ASK = COM
® CR CR " BLOCK LENGTH = * ASK = RLKLENGTH
10 CR % FIRST SFECTRUM= " ASK = LLIM
11 CR " LAST SPECTRUM= " ASK LENGTH + &= ULIN
12 CR O™ TYPE AUTOFILTERING TO CONTINUE * CR CR 3 %
13 3 AUTOFILTERING ULIM LLIM DO CR I DUP « SFECTRUM AUTOFILTER 3
14 TIME LENGTH +L.O0OF § 3
15 FAGE o4 MULTIFLE NOISE FILTERING MOOE * CR FILTERING

2064

O BJIM ~ DENSITY/ZINTENSITY CALIRRATION ) E:
I FORGET SUBTASK ¢ SURTASLK § 4
O WARNING ! 4
~%4 +RLOCK LOAD ¢ DISC ARRAYS ) 4
Fl. 0,002578 2INT FACT &
FOo 2INT WO FO. 2INT Wl FO. 2INT WS FO. ZINT W3
O INT FOG FO. QINT RMS FO. FUARIARLE SUM i
CREATE NAME 20 ALLOT s

3
~

D LI N

5

1 +ELOCK LOADER WEDNGESET
40 +HLOCK LOADER FLATESET
¢ MINITASK $ :
FAGE o DENSITY-INTENSITY CALIBRATION AND CONVERSION MODE * CR £
CR % TYPE WEDGESET - STEP WEDGE CALIBRATION®
CR o PLATESET $w D=1 CONVERSION® CR

bl
EDILIRI_TOOURNND

=

2065
O BJM » WENGE CALIERATION ) :
1 FORGET MINITASK ¢ MINITASK $ 2
20 WARNING | :
3 OAREA INT OHSAREA !
4 O INT O :
s

il
7
8
9
10
L1
LR INCLUDE 1 SWARF FLAG I
13 EXCLUNE O SWAF FLAG 1D
14 ZEROD NPTS @ 0 N0 FO. I

Sl
LC) oo

ORS 14+ 1d 1024 k/MOND ORGAREA + BLOCK + 3
NPTS «L QRS
LOGL OBS

DENS QRS 4 +
FLAG ORS 8 +

TG e e 4o ad

<> -

*e 4t S

ENG 210 0 L FLAG 10 LOOF 3

e B0 T
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2066

{ BJM -~ WEDGE CALIBRATION )
¢ ENTER

CR +" DATA AREA = ° ABK 3
CR +% NOJBTERS = " ASBK 3
CROF NPTS 10 ZERO

CR +* ENTER LOG I VALUES FOR EACH STEF * CR

CR +" STEF NO. L.OG 1"

OF 0 DO CR X S R S SPACES FASK I OBS 210 LOOP 3

<

ORSAREA
0OF

TN DR

5

¢ CHECK

CR " STEF NO.  LOG T DENSITY FLAG*

NFTG @ O [0 CR T 8 R T LOGI 2@ F. I DENS 20 F.
L FLAG @ 5 R LOOF CR 3§

R

1% #8

R tes
~
-

e

¥

PR
Do

2067
¢ BJUM ~ WEDGE CALIBRATION )
¢ FOO-LEVEL AVPT DROP DUP $= FOG . 3}

¢OGTEP~LEVEL AVPT DROP §

¢ LEVELS

FOG-LEVEL

7 NFT&E @ 0 N0 STEF-LEVEL

8 XFROM @ XTO @ = NOT IF DUF o 1 1 FLAG I

? FOOG ~ FLOAT FACT Fx FALOG F1 F- FLOGLO I DENS 210
10 ELSE DROF FO. I DENS 210 0 I FLAG 1D 2
LI THEN LOOF § : B

LB e E
13 86
14 56 !
1% 38
b
k)

2068

0O ¢ BJM -~ WEDGE CALIBRATION )

WAREA ¢ WORKAREA |

INT ORDER 16 FARRAY LAI1 4 FARRAY LRI 4 FARRAY L[

INT NN FO. QENT T FO. 2ENT XVAL FOQ. 2INT YVAL FL 6. 2INT Fé
F@ @ FLOAT $ ¢ MN SWAF 4 % + 3

v Tt 3n

LARL MM LAl 20 § 3 CALT MN AT 210 3 ¢ ot

LRel Bl 20 3 L0 3 I I 9 R B O i LE+I] CBY F+iD 3 f
LCeT LCT 2@ § $ LCIY LCT 21D ¢ S Y o O T o S S R B 9
CLEAR 4 O DO 4 O DO FO., T o LAl LOOF #FO. ¥ LGLD LOOF ¢ &
CLEARALL. CLEAR 4 O DO FO. T CRED LOOF § LLEARALL

LAkl MN LAl F+eid o§ 2

TNDEDLIRS =

4
1.0
45 4
12 1 YOALC 2DUF 2DUP 2DUF Fxk2 28WAF Fx 3 LREID X 2Q8WAP FxX2
13 2 CRET Fx F+ 28WAF L CREY Fx F+ O LREID F+ 6
14 e
1G5 38

e e ¢ te &P
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2069

O C BIM -~ WEDGE CALLBRATION )

Lot ACCUMULATE CLEAR
NFTSG @ O DO T FLat @ L = TF I LOGL 20 &= YVAL 1 DENS 2@ ¢
Fa 0 0 Lat)rdl YVal O LCHID  XVAL QLU 0 1 CA+1Y 1 0 CA+HD
AVAL Fx¥2 2DUF 20UF 0 2 LA+11 L 1 LAattl 2 0 DAt
XVAL 20UF FXX2 Fk 20UF 20UF 20U
O 3 LA+t 2 1 LA+t L 2 Lat!ll 3 0 KAttt
XVAL 20U Fxx2 26WAR FXX2 FX 20UF 20UF 1 3 CA+EY 2 2 LA4+E]
31 CAkLD

® XVAL 20UF 20U X2 28WAF FaokE Fx Fx o 2008
10 2 3 Eat!ll 3 2 LAt
1 XVAL 2DUEF 200UF FxX2 26WAF FXX2 FX 28WaAF FXX2 FX
12 3 3 Lattld Yval XVaL. Fx 1 LG+
L3 YVAL XVAl, FX%2 Fx 2 L0+
L4 YVAL XVAL 20UF Fxx2 28WaAF FX Fx 3 CC+13 THEN LOOF 3§

o
BB T

)

« XUAL

T LR

=N

2070
0 ¢ BJM - WEDGE CALTERATION )

1 ¢ SOLVE-MATRIX

2 ORUER 1~ $% NN

3 ORDER O 0O 0 1 LARY 3= T

4 NN O B0 T L4+ J CARY T F/ I J Lald LOOF

5 OFL T F/ NN T EALD

6 ORDER O DO I J = NOT IF O I LARD $= T

7NN O DO T 14 J CARY I K CART T Fx F- I J £A1] LOOP
8 NN J LARD T Fk FMINUS NN I CAlD THEN LOOF LOOF

9 ORDER O DO FO. $= T

0.ORGER O DO J I LARI I CORD FX T F4 $= T LOOR

T I CEED LOOF §

j SR )

T
4 38
5 be
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O ¢ BJM =~ WEDGE CALYBRRATION )

L O INT XMIN O INT XMAX O INT YMIN O INT YMAX
La P PLOTCURVE FLOAT FLo 100 F/ YCALG FL O 100. FX FIX §
CURVEFLOT 14 APLOT 3§
FBLOGCK ¢ CAPTEONS 14 IN-LINE L#LOAY §
FLOTYALUES © = XMIN O §= XMAX O &= YMIN O i= YMAX
X DECIMALS | 2 Y DECIMALS ! NFTS @ O DO I FLAG @ 1 = IF i
NENG 2@ FLO100. FX FIX DUF XMEIN MIN = XMIN XMAX MAX = XMAX
LOGT 2@ FL 100+ Fx FIX DUF YMIN MIN 1= YMIN YMAX MAX 3= YMAX -
THEN LOOF XMIN XMAX X SIZE YMIN YMAX Y SIZE
OFF CROSSFLOT NFTS @ 0 D0 1 FLAG @ 1L = IF

I LOGL 20 FlLo 100, Fx FIX I DENG 20 FL 100+ FX FIX
LEGHT THEN LOOF LINEFLOT AXES CAFTIONSG §

i = 23 e e

306 17% HEALENG HF" 1L.06 1"
50 800 HEADING HFY BAKER DENSITYY ALPHA

DN OTCHNTED R

T It Bed i e S
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2072
O ¢ BJM -~ WEDGE CALTBRA&TION )
L3 STEFS
2 CR " SPECTRUM AREA FOR WELGE  ASK SPECTRUM
F LR " NOJFOINTS IN SCAN =0 ABK O BUWAP X S1ZE
4 CR .Y DATA AEA FOR LOG X = 0 ABK 1= QBSAREA

900 X DECIMALS ! O Y RECIMALS !
A0 1000 Y SIZE ERASE AXES SFLOT LEVELS ¢

&
7 1 PRINT-CALIBRATION FO. SUM 21 O = QF

g8 CR " BTEF NO, LOG I NENSITY (AR FLAG®

@ NFTS @ O IO CR F %5 JR I LOGL 20 200UF F. 1 DENS 208 20UF F.

1.0 YCALS F« 2008 ¢, T FLAG @ DUF 5 R 1L o= IF r**” G F4!

L1012 LoD O 4+t ELSE 20R0F THEN LOOF SUM 20 OF FLOAT F/ t= KMS
12 ORrR CR % ORIDER COEFFICIENT EREOF®

13 4 0 O CROT DUR % ok CEEL F. L I LART RMS FX FSQRT F. LOOF 3
1% V

2073 ,

0« BJM - WERGE COLIRRATION )

1 =71 +BLOCK LOAD ¢ SPLITSCREEN )

2 1 SOLVE PAGE FLOTVALUES 757 200 HEALING

SR ¢ ORUER OF FOLYNOMIAL TO BE FITTED = * ASK 14 &= ORDER

CLEARALL ACCUMULATE SOLVE-MATRIX

CRED $= WO 1 LBED f= WL 2 CEOI t= W2 3 CBEI &= W3
GE FRINT=CALTBRATTON
PLITSCREEN PLOTVALUES CURVEFLOT FULLSCREEN §
8 § CALIERATION GTEFS SOLVE #
¢ 0 +RLOCK

10 -8 FRINIOUT NAME 20 BLANK CR ¢ ENTER TITLE ¢ * NaAME 20 EXPECT

L1 L4 TNl INE  L#&L.OAD &

12 PAGE «F STEF WERGE CALIBRATION MODE * CR 1 WARNING !
13 EXIT

14 FRINT LO 2 FMT  CR 4 WENGE CALIERATION ¢ ®

1% NAME 20 TYPE CR CR PRINT~CALIBRATION CR CR 0§

2074
O ¢ B o~ DENSITYIINTENSITY CONVERSION )
LOFORGET MINITABK 1 MINITAEK ¥
2 0 WARNING |
3 10000 ENT RECT 10000 INT RECTFOINTS
4 VARTARLE PFLATE FL. 0.002%78 FUARLIARLE FaCTOR FAGCTOR 21
v UaRIARLE LLIMIT VARTAELE ULIMIT
G FO RINT RIC O INT SFMaX

GFIX F1000 FXx FIX §
QT 2 024 x/MOD RECT 4+ BLOCK + §

10 ¢ QT R GFIXK Re QT ( UPDATE 3

1108 Qre ar @ ¢

12 4 LOM FACTOR 20 Fx FALOG FlL F- FLOGLO 3
1F s

=y
-
K> eF ] ee 4o e & ea

oo
(SR

| ¢ e
,I,..!:!'.:‘A

"t
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C BJM ~ DENSITYIINTENSITY CONVERSION )
¢SET-CALIBRATION CR . ORDER COEFFLICEENT®
4 ¢ ) CrOE o« 3 SFACES FASK LOODK

= W3 3= W2 3w WL I=m WO DR 3§

POPRINY-COEFFICIENTS CR " DROER COEFFICIENT" 10 6 FMT
CkR 0 « WO Fy CR L « WL Fo CR 2 o W2 F. CR 3 + W3 F.

10 2 FMY §

¥ D-1 ULTMIT @ 14 LLIMIT § DO I PT 2 PLATE @& <«
FLOAT LOM 3= RO W3 F1 3 O DO BI Fx LOOPF FX

W2 BICF¥k2 Fx F+ WL RD FX F+ WO F+ FALOG T Q1! LOOP

LIMITS DO T FT @ SFMAX MAX = SEFMAX LOOF O SPMAX
FAGE AXES SPLOT SIGNAL 5

R]

76
C BIM ~ DENSITYSINTENSITY CONVERSION )

$OSETSHEC CR " SFECTRUM = * ASK SPECTRUM SAREA L‘1 RECT

CR " NOSOF PFOENTS = Y ABK L- O SWAF X SIZE

0 1000 Y SIZE

CR o+ I8 THE RBAKER DENSLTY CALIBRATION SET WP 7 ¢
Y/ZN NOT EF SET-CALLBRATEON THEN

FAGE AXES SPLOT

767 O HEADING " FLATE FOG = * ABK FLATE |

CRO o LOWER LIMIT = Y AGK LLEIMIT |

GRO " UFFER LIMIT = * ASK ULIMIT !

CR o TYPE D=1 TO CONVERT DENSITY TO INTENSITY *

FAGE o8 DENSITY-INTENSITY CONVERSION MODE * CR
L WARNING !

77
FORGET SUBTABK ¢ SURTABK §

LOABLOCK ¢ MANUAL IN~LINE LOAL §
4 FRLOCK ¢ AUTO IN~LINE LOAD ¢

! MINITASK ¢
PAGE i SELECT METHODI OF FITTING TO CONTYINUUMY OR

CR o4 COMPUTER FIT USING CURLC - TYFE AUTOY
CROo4 MANUAL FIT USING SPLINE - TYFE MANUAL® CR

A

¥y
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i
2078 3

O ¢ BJM ~ NORMALISATION TO CONTINUUM )

1 FORGET MINITASK § MINITAGBK 3

2 0 WARNING !

3 =41 +RLOCK LOAD ¢ SFLINES ) ~ i
4 ~68 +RLOCK LOAD ( DISC ARRAYS ) ;
So40000 CONSTANT RECT 10000 CONSTANT RECTFOINTS 2
é
7
£
?

Hhn il SBA £ it

FL. 1000, 2DUF FUARIARLE F1000 FCONSTANT THOU
O VARTAEBLE LLIMIT 1 VARIARLE ULIMIT 1000 INT CONT

P GFIX FL 1000+ FX FIX ¥ E

10 ¢ RPTSET RECTFOINTS L2 FOINTS | 3§ - &
L 3 QY 2 1024 X/7MOI RECT 4 B.OCK + ?
12 ¢ QTe QT @ 3 2
13 ¢ QTP =R GFIX R»= QT )} UPDATE 3
14 e 7
15 3% %
!

i

2079 %
O ¢ BIM -~ NORMALISATION TO CONTINUUM ) ;
! CONTSET RFTSET +* HOW MANY FTS 7 Y ASK ﬁ

O U0 AVFT SWAF FLOAT aCCERT LOOF $ é

CHET RPFTSEY +* NOJOF PTG T * ASK
DO COORDS FLOAT ACCERT LOOF $

T e

*e

RECTIFY RPTSET 1 KF ! FTNUMBER @ 1= XI 2 XI DO I PT @ FLOAT I ?
FARCHANGE P F/ I QT! LOOF 2 XI 0 D0 1000 I FT I LOOF 4
LIMITS DROF PTNUMBER 2 1- XI DO 1000 I BT D LOOF FLUSH !
FAGE AXES SFLOT SIGNAL 3

PO CBNDIEDLIN -

~

-

“
-

¢RFLOT 2 APLOT 3 Y DECIMALS 1| AXES O Y DECIMALS o 3§

",
-t ‘jp

R

{.

=
4 R £33

E:

2080 ]
¢ BJM »~ NORMALISATION TO CONTIENWUUM ) 5

1 BETSPEC OR «% SFECTRUM = * ASK SFECTRUM SAREA L71 REQT #

CR " NOLOF PFOINTS= " ASK 1~ 0 SWAP X BIZE PAGE AXES SPLOT @
DAREA L71 RECTFOINTS 1 RFTHSET O FTNUMEER | UFDATE i+
767 0 OFF DRAW ALFHA Ls
CRO " TYRE CBET OR CONTSET TO LEFINE CONTINUUMY 3
CR " REGTIFY TO NORMALISE THE SPECTRUM* OR §
1 WARNING !

NS EHED2WNIS= OO

9 FAGE % SPLINE FIT 70 CONTINUUM Y CR o

o g2 B PO TSN O
SurlEE Dy e o B e bty

R
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2081

¢ BJM ~ AUTOMATIC NORMALISATION TO CONTINUUM )
FORGET MINITASBK 3 MINITASBK 3

O WARNING -1

=71 FRLOCK L0AD ¢ DISC ARRAYS )

WARED 7 WORKAREA !

¢ EAL ERASE AXES SFLOT & ¢ DISPLAY X SIZE EAY §

4 INT ORDER
16 FARRAY L[CAl1 4 FARRAY LR]1 4 FARRAY [C1

O INT NN O INT NFTS O INT ITERATION
FOo 2INT T FL 60 2UINT Fé

FO. 2INT XVAL FO. 2INT YVAL

FO+ 2INT RMS

FO« QINT S8IGMA  F10 2INT CSIGMA

e

( BJM -~ AUTOMATIC NORMALISATION TO CONTINUUM »
! FR @ FLOAT 5 3 MN ORDER x 4+ 3

LARD MN EAT 2@
LReT CRrY 20 §
LERT LG 20 §

s LALD MN LAY 210 & 2 CAt+Ld MN EAT F+ID 5
EONEREY LB 210 3 $OLEEIY LB F4iD ¢
tLCHT EGA 210 ¢ ¢ OECHES CCT FelD 9§

s w0 >

-

CLEAR 4 0 DO 4 O DO FO, T J L
I

1 LO0F Fo. L ECEYT LOOF §
CLEARALL CLEAR 4 O DO FO. I !

73 B ol |
Bl LOOF 5 CLEARALL

e

YCALGC FLOAT X-X8 20UF 200F F3 FPRUR 3 LRI FX 268WAF Fxk2
2 LRET Fx F+ 2WAF 1 LREIT FX F+ O LRED F+ 3

o e

o e

29
P&
]

2083

C BJM « AUTOMATIC NORMALISATION TO CONTINULM )
t ACCUMULATE CLEAR
LIMITE DO L PT F@ t= YVAL I FLOAY X-~X8 t= XVAL

I YEALEC YVAL F- 20UF SLGMA F< ~ROT FMINUS S16MA F2 FX Fo AND IF ©

)

FL O 0 CAadtd  yval © LG+

XVAL 2DUF O L EAa+ld L O LAa+L)

XVAL FRX2 200UF 20UF 0 2 Lakld L L Caktd 2 0 Lattd
XVal. F3 FPUR 20UF 20UF 20UF

O % CAHIT 2 1 La+1 1 2 UA+1T 3 0 CA+LED

XVAL F4 FRWR 2nuF @0 L 3 LA+ @ 2 LA+11 3 L LAkl
XVAL F& FPRWR 20U 2 3 LA+ 3 2 LAt

XVal. Fé FPUR 3 3 LAt

YVAL XVAL Fx 1 LO+10

YVUAL XUAL FRx2 Fx 2 CC+10

YVAL XVAL F3 FRWUR Fx & LO+H1T THEN LOOP §

ot oo ':li
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BJM - AUTOMATIC NORMALISATION TO CONTINUUM )
FARAMETERS CR " NOJFOINTS=" ASK 1- 1 SWaF X 8YIZE 3

~
=
e I~ D

¢ S0LVE

GRDER L~ $= NN

ORDER O DO O X LART = 7T

NN O DO X 1+ 3 DABT T F/z ¥ J CAYD LOORP

F1 T F/7 NN T ALl

ORDER O DO ¥ J = NOT IF O I [ARI = T

NN O O T 14 o CART I K CARY T Fx F- I J [all LOOP
NN J CART T Fx FMINUS NN T [A!1D THEN LOOF LOOP
ORDER O 00 FO. $= T

ORDER O DO O T LAQY I LCEY FX T F+ = T LOOF

T 1 ERBED LUOPF 3

Som s "5n

i

G

%
¢ BJIM ~ AUTOMATIC NORMALISATION TO CONTINUUM )
! RMSCALGC O &= NFTS FO. = RMS

Y LIMITS DO I PT F@ 3= YUAL

I YCALC YVAL F- 20UF SI6MA F+ «ROT FHINUS SIGMA F2 Fk F«
I YCALLC YVAL F- Fak2 L1 RMS F+1 1 L1 NPTS +! THEN

D LOOF RMS NFTS FLOAT F/ FSQRT = SIGMA 4

POFIT CLEARALL F1000 $:= SIGMA O t= ITERATION
BEGIN ACCUMULATE SOLVE RMSCALD L L’ ITERATION +1
GIGMA CHIGMA Fo ITERATION 10 > OR ENI 9

10 -

11
12
43
14

d
19

20
0
1
2
4
4

i
]

é
7
(4]
4
10
R
12
13
14

1%

t RECTIFY LIMITS DO € FY F@ F1000 Fx I YCALD F/
FIX L BT © UPDATE LOOF 3
NORMALLISE FIT RECTIFY 3

86
¢ BIM -~ AUTOMATIC NORMALISATEON TO CONTINUUM )
4 P CONTRPLOT YCALEC FIX 3 1 CONTFLOT 4 APLOT §

$OBETHFEC GR . SFECTRUM= * ABK SFECTRUM CR FARAMETERS CR
4 TYPE NORMALISE TO CONTINUE " CR 3

¢ BINOLE SETBFEC |
1 PELOCK ¢ MULTIFLE IN-LINE LOAD
1 WARNING !

FAGE % AUTOMATIC CONTINULM FIT AND NORMALISATION® OR
CR % A) SINGLE SPECTRUM -~ TYFE SINGLE®
CR % B) MULTIFLE SPECTRA ~ TYFE MULTIFLE ¥
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o)
C BJIM -~ AUTOMATIC NORMALISATION TO CONTINUUM / MULTIPLE )
O INT LLIM O INT ULIM O INT Chri O INT RBLKLENGTH

$OLENGTH COM 1 = IF RLKLENGTH THEN

CIi 2 = [F BLKLENGTH 3 % THEN 3§

¢ ONORMALISING CR CR FARAMETERS CR CR CR

ML) 3 BPECTRA STORED SUCCESSIVELY ON RIGC" COR

JM2) 1 GRECTRA GTORED WITH THEIR ARCS ON BISC*

CR CR «" ENTER CODE REQUIRED * ASK = CIM

CR CR +° BLOCK LENGTH = * ABK = RLKLENGTH

CR " FIRST SFECTRUM= * ASK 3= LLIM

GR +* LAST SGPECTRUM= * ASK LENGTH + &= ULIM

CR % TYPE AUTONORMALISE TO CONTINUE * CR OR #

$ AUTONORMAL ISE ULIM LLIM DO CR I DUF o SPECTRUM NORMALISE
TIME LENGTH +LOOF 3

FAGE & MULTIFLE NORMALISATION MODE * CR NORMALISING

UILUURN = OITNIUTDILIRI=TO

oo gen et Pab 3ub s

2088

0 ¢ BIM ~ SPECTROFHOTOMETRY )

L FORGET SUBTASK ! SURTASK 3§

2 0 WARNING |

3 =78 +BLOCK LOAD ( DISC ARRAYS O
4 -86 +BLOCK LOAD ¢ SPLITSCREEN )
G 0 INYT LINENO 20 INT DXL 10000 INT RECT 10000 INT RECTFOINTS b
6 O CONSTANT AAT 10000 CONSTANT CAT

7 FL 1000, FCONSTANT THOU

8 VARIABLE LLIMIT O » VARIABLE ULIMIT 1L » 1000 INT CONT

? FL 0.002578 FUARTABLE FACTOR SWAP » v

10 . FVARIABLE E~W O CONSTANT LMDA O CONSTANT 8L06G

1l FVARTARLE RMIN FUARTARBLE LMIN FUARTARBLE RO/Z2

12 FUARTARLE RL1/4 FUARTARLE R3/4 FUARTABLE R9YOZ

13 FL FOCONSTANT RESIDINTENT O CONSTANT CURRENT O CONSTANT LONG
L4 O INT XOFF O INT YOFF O INT LX O INT UX

1D )

20BY i
0 ¢ BJM - SFECTROPHOTOMETRY ) ‘ 1
O 2OROF DROP 20DKROF DROF 9

GARBAGE CONT FLOAT F1000 F/ QDUP RMIN 2@ F- F2 §
(T 2 1024 *%/MON RECT + BLOCK -+

FATe QT @ FLOAT F1000 F/

GFIX THOU FX FIX $

ATe ar @ 9

AT! *R GFIX K> QT | UPDATE 3

2@ 20 ROT 21 UPDATE

QEOUF 4 + DUF

LOM FACTOR 20 FX FALOG F1 F- FLOGLO

F2/ Fo5 FX 3§

FLO FLOAT §

5 N Ry A

1 20 20 20 o4 24 00 4o 40 Ge oo 2o S0
13

13 e
14 8
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0

¢ BJM =~ SPECTROFHOTOMETRY )

F1 FOCONSTANT I8

NX-ORD FLOAT L.CALC §

NWAVE EAR NX-ORD F.

NDISF FLOAT 20UF Fi Ft+ LCALC 28WAF Fl F- LCALD
- F2 B/ L7]1 DIG 21 4

NL=ORI XCALC FIX $

sa T} te va oo

PORFLOT QTE §
RPLOT 2 AFLOT 3

v

i e 2

> | W e e
Hnnn
¢ e S N7

P
ES e

¢ BIM - SFECTROFHOVOMETRY )
¢ WIDTH BAR LLIMIT ¢ BAR ULIMIT V3
¢ CH ULIMIT @ LLIMIT @ -~ 2 MOD IF -1 ULIMIT +! THEN §
¢ SIMFSON CH ULIMIT @ QTe LLIMIT @ QTe + DOURLE ULIMIT @
LLIMIT @ ~ 1 DO I LLIMIT @ + QTe I 2 MOn IF 2% 2%
ELSE 2% THEN
M4 LOOF DFLOAT 3000 FLOAT F/ 3
¢ ACONT ULIMIT @ LLIMIT @ - FLO CONT FLO FL1000 F/ Fx 3

¢ EQW WIDTH SIMFSON ACONT 28WAF F- F. 3§

BOX COORDS COORDS SWAR =R Y SIZE R» X SIZE

oo

€ e> I ee
e

o

¢ BIM o SPECTROPHOTOMETRY )

fLG CAT RLOCK 3

¢ CLEAR O 16G 1D ¢

$OLGROW 40 1000 x/7MON CAT + BLOCK + #
¢OLGNORE -1 16 48 UPDATE §

tOREEF 116 ! UFDATE 16 @ 16ROW _ ;
DUF LMEN 2010 240UF E-W 20! 240DUF RMIN 200 240UF Ri/Z4 281 °
2EDUR RO/ZZ 2@ 4+ R3/4 201§

POGRRINT 8 3 FMT CR CR " LaMba Eolds ReCo "
MWL) WCL/Z2) W34 CR CR 16 @ 14+ & D0 CR I 16ROV
24 0 10 DUF T 4+ F7T o4 +LOOF DROP LOOF 10 2 FMT §

rar onih ::;.

P&

R




5% A

LO93

0

E RO

L4
&

TN

e +&

10

(

<
¢

TH

.
+

cu
U

e+ oo

2094

0
1
)

&

g
o

SN

16
1

(

®
+

e ST T4 oo ew

!

Andrews FORTH  §ol.F.8, Program Listing BJM 10 AUG 1981 133

BIM - SPECTROPHOTOMETRY ) 4
WPLOT LMOA TF LGROW 20 F/ ELSE LROF k
EN SL.OG IF FLOGLO THEN 3§ :
INTERF LONG TF LLIMIT @ L/3 CURRENT ! ELSE ULIMIT @ 171
REENT ! THEN BEGIN LONG IF 1 ELSE ~1 THEN L1 CURRENT 4|
RRENT FQT® RESININTENT F< END CURRENT NX~ORD CURRENT LONG IF &
e ELSE 14+ THEN NX-0ORD F- CURRENT FQTE@ 2DUF CURRENT g
LONG IF 1- ELSE 14+ THEN FOQT@ F~ 28WAF RESIDINTENT F- <
28WAF F/ FXx FMINUS CURRENT NX-~ORI F+ LMIN 2@ F~ FABS F2 FX i-
INTERF L1 RESIDINTENT 20 INTERF $
IRO F1 RMIN 2! ULIMIT @ LLIMIT @ DO I FQTE 200UF RMIN 20 F< I
RMIN 2! 1T NX-ORD LMIN 2! ELSE 2D0ROF THEN LOOF 3
. RMIN 2@ CONT 1000 ~ FLOAT FL000 F/ F- RMIN 21 3 £
IRL/4 GARBAGE F2 FX F/ F~ INTERP R1/4 2! 3 é
IR2/74 GARBAGE F/ F- INTERF RO/2 21 3§
IRZ/4 GARBAGE F1 F+ FX FR/ F2/ F- INTERF R3/4 2! § R

e

BaM = SGPECTROPHOTOMETRY )
TEQWA WIDTH LLIMIT @ ULIMIT @ + 2/ NDISF SIMPSON ACONT 28WAF
Feoo CONT FLOAT F1000 F/ F/ DBIS Fx E~W 21 § ’
SHORT O L0 LONG 5 3 LONG 1 L71 LONG ! 4 i3
COET COORDS = CONT DROF §
IFARAS CBET TEQWA IR0 IR1/4 IR2/4 IR3/4 KEEF 3
HWIDE WIDTH LLIMIT @ NX-ORI0 ULIMIT @ NX-ORD Fe 3§
BOTH LONG TFARAS R1/74 20 RO/Z2 2@ R3/4 20 {
BHORT IFARAS R3/4 2@ F+ F2/ R3/4 21 RO/2 20 F+ F2/7 ROZ2 0
21 R1I/74 20 F+ FR/ Ri/Z4 2) TGNORE ITGNORE KEEF §

pai s AR i

hot ke

PLOT DUP 1~ 2% E*3 YOFF | = 20k £*1 XOFF | 16 @ 1+ 1 0o 1

12 T 1GROW YOFF 4+ DUP 20 T WPLOT GFIX SWAF XOFF 4+ 20 I WPLOT 7]
13 GFIX CHARPOS % LOOF CR § 1
14 ]
15 48 d
BOYE 3
O ¢ BJIM « SFECTROFPHOTOMETRY / SFECTRAL LINE CATALOGUE ) 3
110000 INT SFL-CAT f
2 y
303 VAL 14 32 1024 %/MOD SPL-CAT 4+ BLOCK + 3 !
4 ¢ NLINES -1 val §
%503 BLEMENT=-IN FAD 10 BLANK FAD 10 EXPECT
& FAN SWAF VAL 10 MOVE UPDATE §
7 4 ELEMENT-OUT VAL 10 TYFE §
8 ¢ LLAR VAL 20 + ¥
4
10 ¢ CLEAR-CATALOGUE O NLINES 1D 3
Ll e 5
12 88 i
18 38 i
14 36 ]
R ¢
-4
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2096

¢ BIM - SPECTROFHOTOMETRY / SFECTRAL LINE CATALOGUE )
tLIST-LINES CR +* NO. WAVELENGTH ELEMENT"

NLINES @ O 10 CR ¥ . I LLAR F? 5 SPACES I ELEMENT-0UT LOOF 3

PO

! CREATE-CATALOGUE CR o* NOJLINES= * ASK CR CR

o* ELEMENT WAVELENGTH" CR ' sesssssssssssssssssssasb
NLINES @ + NLINES @ IO CR I ELEMENT-IN 7 C. 3 GPACES

FASK I LLAE 2110 NLINES @ 1+ NLINES |D LOOF

NN D

L we

CHANGE CR +" NO.=" ABK 3= « " ELEMENT * M ELEMENT-IN 7 C.
10 SFACES " WAVELENGTH="* FASK M LLAR 21D 3§

DELETE CR " NO.=" ASK NLINES @ SWar I
14 LLAER 20 T LLAR 210 T 14 VAL I VAL 10 MOVE LOOF
14 NLINES € 1 -~ NLINES 1D 3

15 i

53
- e

2097

O ¢ BIM - SFECTROFHOTOMETRY / FROCEDURE )

¢ DISPLAY X SIZE FAGE SPLOT LIMITS &= LX $= UX

LINENO LLAR 2@ XCALC FIX DUF 1000 SWAF 500 JOIN

LX FLOAT LCALC FIX UX FLOAT LOCALC FIX X SIZE ~200 -5 X INC 2|
AXES FULL GRID LX UX SIZE §

PONEXT LINENO NLINES @ = IF .* END OF CATALOGUE® CR ELSE
LEINENG LLAK 2@ XCALC FIX DUF DXL~ SWAF DXL -+

DISFLAY 300 O HEAIEING +* LEINE REST WAVELENGTH®

27% 0 HEADING LINENO ELEMENT-0UT LINENO LLAER FT IPARAS

300 SG00 HEADING +* EQUIVALENT WINTH* 27% $00 HEARING E-W F?
00 800 HEADING +* CENTRAL REPTH" 278 800 HEADING RMIN F?
200 0 HEADING +* OFTIONS AVAYLARLE ¢~* OR

o NEXT $ FROCEED WITH NEXT LINE" CR

o REPEAT § REMEASURE LINE* CR

MREJECT 3 REJECT LINE FROM MEASUREMENTS" GR

o FINESH ¢ END MEAGBURING® OR L L71 LINEND 40 THEN § mlk

TSNNSO SONDIUOD OIS

ot st o o

& "
0 ¢ BJIM =~ SFECTROPHOTOMETRY )
§REJECT <1 16 +! UFDATE §
POREFEAT ~1 70 LINENOQ +1 REJECT NEXT ¥
3} OFINISH FULLBCREEN PAGE GFRINT §
8§ 1 GETSFEC OR »* SPEGTRUM = * AGR SPECTRUM SAREA £/1 RECT |
6 GRO* I8 THE WAVELENGTH CALIBRATION SET UF T *
7 YN NOT IF CALIBRATE THEN
8 0 = LINEND SPLITSCOREEN TOF
? DAREA 70 AT 1 O 3G 1D 3
10
111 WARNING !
12 PAGE % SFECTROPHOTOMETRY MOOE * CR CR
L3 el
14 36
1% 86
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BJIM -~ SFECTROPHOTOMETRY / MASTER CATALOGUE OF LINES )
&0 INT MASTER-CATALOGUE

M~VAL L+ &4 1024 X/MOD MASTER~CATALOGUE + BLOCK + §
NOETS -1 M~VAL §

TITLE-IN FAD 30 BLANK PAIN 30 EXPECT
FAll SWAP M~VAL 30 MOVE UPDATE
TITLE~-QUT M-VAL 30 TYPE 3§

CATALOGUE-RLOCK M~VAL. 60 + &

DELETE~CATALOGUE NSETS @ SWAR DO ¥ 1+ M-¥YaL 60 + @
M-VAL 60 + 10 I 14+ M-Val I M~VAL 30 MOVE UPDATE

LOOF NHETS @ -1 + NSETS 'D 9

>

BJuM ~ SPECTROFHOTOMETRY / MASTER CATALOGUE OF LINES )
ENTER
o LK NQ ¢ s " ABK 3= BFL-CAT
00 YOU WEISH TO CREATE NEW CATALOBUE 7* Y/N L = IF
«" ENTER TITLE *
NSETS 410 NSETS @ TITLE~IN 7 C.
L-CAT NSETS @ CATALOGUE-EBLOCK 10 CLEAR-CATALOGUE
EATE~CATALOGUE ELSE
EATE~CATALOGUE THEN §

.:p
"

BOM = SFECTROFHOTOMETRY / MASTER CATALOGUE OF LINES )

1 ¢ CATALOBUE CR " CATALOGUE OF LINES AVAILARLE® CR

2 CR
3 CR
4 CR
U CR
& N8
71X
8 CK
9 M
10 M
M
M

T >
—

o NOW  TITLE® 23 SFACES " RBLK*

. Ot o o oo ot R L 04 0 At Rt B B T3 GGt 442 £ A 492 g 2t 2 VIR RS D08 R Bt vl g gt i B £ 8 kit a

o * -N) o DELETE CATALOGUE NO. N »¢

ot 0) 4 ENTER NEW LINES *
ETS @ MINUS O« IF NSETS @ L+ 1 D0 CR I 2 R 41 €. L SPACES
TITLE-OUT 2 SPACES T CATALOGUE-RLOCK 7 LOOF THEN

CR " ENTER NOJREQUIRED " A8BK = M
O= IF ENTER THERN
O 4 NSETS @ 0 > AND IF M MINUS DELETE-~CATALOGUE THEN
O > NSETS @ M < NOT AND IF
CATALOGUE-RLOCGK @ 1= HFL-CAT THEN $§

L WARNING | CATALOGUE
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2102
0 ¢ BJIM ~ FEATURE REMOVAL ) 5
1 FORGET SUBTASK ¢ SURTASK 3 i
2 0 WARNING ! ~
J 92 4RLOCK LOAD ¢ DISC ARRAYS )
4 0 INT LX O INT UX
<] DISPLAY X SIZE FAGE AXES SFLOT §
é REMOVE RBAR BAR SWAF DO 1000 I FT I LOOF FLUSH 3 :
7 REFLACE EBAR $= LX BAR = UX UX LX DO I LX -~ UX PT @ LX PT @ =~ ¥
8 UX LX = 2 LX PT @ + 1T PT ID LOOF FLUSH 3 :
?
10 3 SETSFEC CR " SPECTRUM = * ASK SFECTRUM
Ll CR «* NOJFOINTS = * ASBK O SUAF DLSFLAY 3
12
13 FAGE % FEATURE REMOVAL MORE®" CR CR
14 1 WARNING !
R

e wo te +o

2103
O ¢ BJIM - VELOCITY MIA?UREMENT / METHOI SELECTION )
1 FORGEY SURBRTASK ! SURTASK #
2 0 +BLOCK O +BLOCK ¢ qELLCTthTHUH 4 TN~LINE LELOAD AGBK = M
11 TN LINE L#L.O0AD 3 SELECT-METHOO EXIT

3

4

1 (h Ch B METHODS OF MEASUREMENT AVATLABLE ARE §-
4 CR O «% (1) 3 LINE PROFILE FETTING *

7 CR % (2) 1 SIMULATED COMFARATOR *

8 CR +#% (3) ! CROSSCORRELATION *

? CR CR «# ENTER METHOD REQUIRED *

16 EXLTY

1L M 1 = TFTRUE 1 +BLOCK LOAL 7 +BLOCK LOAN  IFEND
12 M2 = IFTRUE | +RLOCK LOAD 10 +BLOCK LOAX  ITFENK
ITFTRUE 2 16 +RLOCK L#L.0AD COF IFEND

woMo2 o= OR CIFTRUE 13 4BLOCK LOAD LFUND

i

M3
14 M 1

2104

O ¢ BJUM ~ SPECGTRAL LINE VELOCITY / BASICS )
L0 WARNING |

2 =102 4BLOCK LOAD ¢ SPLITSCREEN ORAFHICH ) |
$ =94 +RLOCK LOAD ¢ DISE ARRAYES ) !
“&4 4BLOCK LOAD ¢ RV CORRECTIONS )
WAREA ¢ WORKAREA |

0 INT NOBS
20 INT DXL

O INT LINENO FO. 2INT LLINE FO. RINT VLINE

FO. 2INT 86X FO, 2INT 6X2 FO. RINT MEAN FO, R2INT &I FO. 2INT SE
11 s

12 =i

1F i

i_.
SOLLNDED
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¥

2100
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14

( BJM ~ SFECTRAL LINE VELOCITY / MEASUREMENT CATALOGUE )
OAREA INT ORSAREA

OBRs 1+ 16 1024 X/MON OBSAREA + RLOCK + 3

NFTS -1 ORG § '

LOBS ORS 3§

VOES OBS 4 + 3§

FL.AG OBRS 8 + ¥

INCLUDE 1 SWAF FLAG !0 §

EXCLULE O SWAF FLAG D §

e ¥ 4o SO 4 B2 @

¢ CLEAR O NPTS ' O L3 LINEND ! 3

! OSETSPEC BETUF SPEC SASET CLEAR

CR +* I8 WAVELENGTH CALIBRATION SET UP % *
Y/N NOT IF CALIBRATE THEN SFLITSCREEN TOF
CR " TYPE NEXT TO BEGIN +.% 3

-

2106

0

FDUNSOCTCTNEDDED LIS

el el o

¢ BIM ~ SPECTRAL LINE VELOCITY / SFECTRAL LINE CATALOGUE )
LOOOO INT SFL-CAT

VAL 1+ 32 1024 %x/M00 SFL-CAT  + BLOCK 4 3

NLINES -1 VAl ¥

ELEMENT-EN FAI 10 ELANK FAl L0 EXPECT
Fan SWAF VAL 10 MOVE UFDATE §

ELEMENT-OUT VAL 10 TYFE 3§

$OLLAR VAL 20 + ¢

e 24 e

-

¢ CLEAR-CATALOGUE O NLINES I 0§

)
$6
v 6
58
P8

2107

4]
1
o

Ke

3

10
1l
13
13
14

1%

¢ BHUM - SFECTRAL LINE VELOCITY / SFECTRAL LINE CATALOGUE )
$OLIGT-LINES CGR % NO. WAVELENGTH ELEMENTY
NLINES @ O 1o CrR L « 1 LLAEB F? 8 SFACES I ELEMENT-OUT LDOF 3

! CREATE-CATALOGUE CR " NOWLINES= " ABR CR COR ;

o' ELEMIENT WAVELENGTH® R ¢ ™ st e im me s me i o o e o s i s o s oo w8
NLINES @ 4 NLINES @ N0 CR I ELEMENT=IN 7 C. 3 SFACES

FAGK I Li.ag 210 NLINES @ 14 NLINES (1D LOOF §

GHANGE CR " NO,=* ASBK $w M % ELEMENT * M ELEMENT~IN 7 G,
BFACES " WAVELENGTH=* FASK M LLAR 210 3§

{2i we

DELETE CR +* NO,=" AGK NLINES ® SWAF DO
I+ LLAR 20 T LLAak 210 1T 1+ VAL I VAL 10 MOVE LOOF
LINES @ 1 - NLINES 1D 6

o

S

»!

2 = ee

SR
#

3
!
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2108

0
L
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3
4
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b
7
8
4
10O
L
12
13
14

15

¢ BIM ~ SPFECTRAL LINE VELOCITY / CALCULATION )

t DBBERVATIONS ERASE

FOo 3= 88X FQ. &= GX2 0 1= NOuS

NFTE @ 0 10 I FLAG @ 1 = IF

I VOBS 20 X F+ = 8X 1 NOBS + i= NOBRS THEN LOOP
GX NORS FLOAT F/ = MEAN

NETS @ O D0 I FLAG @ 1 = IF 1 VOBRS 20 MEAN F- FXX2
GX2 F+ = GX2 THEN LOOF

BX2 NOEBS FLOAT F/ FGQRT 20UF = 60 NORS FLOAT FSQRYT F/ i= A
+* NO, WAVELENGTH V(OIND 0~CCIN) V(EX) O-CEXI"

eoscaha Lastinsg RBRJIM 10 AUG 1981 i

SE

NFTS @ 0 DO CR I 3 R I LORS F? I VORS 2@ 2DUF MEAN F~ 28WAP

I FLAG @ 1 = IF F. F, ELSE 23 SFACES F. F. THEN LOOP
CR CR " HELTOCENTRIC VELOCITY =" MEAN F.
of /= BH Fe o (BIN® 8E Fo % (SE) KM/78* CR §

v &

2109

0
1

p
3
4
i
&
7
)
K4
1<
13
12
13
14

19

¢ BJUM ~ SFECTRAL LINE VELOCLYY / CALCULATION )
CREATE NAME 20 ALLOT

0 +HBRLOCK

¢ FRINTOUT

NAME 20 BLANK CR " ENTER TITLE 3 " NAME 20 EXPECT 7 C.

13 TN-LINE L#.0AL 3§

EXTT

FRINY CR 4% RADIAL VELOCITY MEASUREMENTS ¢ ®
NAME 20 TYFE CR CR OBSERVATIONS CR CR

2110

0
1
2

K

&>

NE O

¢ BUM o~ SPECTRAL LINE VELOCETY /7 FROFILE FLTTING )
whd FRLOCK LOAD SPECTRUMIATA TROUGHS  MAX/ZMIN ROUTINE
~&Y% FBRLOCK LOAD ¢ LST.8Q FARAROLA )

O INT LX O INT UX

¢ NISFLAY X SIZE ERASE FOINTFLOT SPLOT LIMITS f= LX &= UX

LINEFLOT LUINENO LLAR 20 XCALC FIX DBUF 1000 SWaARF S00 JOIN

}

LX FLOAT LCALGC FIX UX FLOAT LCALG FIX X SIZR =200 -&% X INC 21

AXES FULL GRID LX UX X SLZE 3

! MEASURE

NOF FOINTS FIT X0 LCALC $= LLINE

LLENE LINENO LLAR 2@ F- LINENO LLAER 20 F/ C-VEL FX
REUN F+ 3= VLINE §

o i
o

i3

&
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4
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1L

¢ BJM - SPFECTRAL LINE VELOCITY / PROFILE FITTING )
$ONEXT LINENO NLINES @ = IF ." END OF CATALOGUE" CR ELSE
LINENO LLAB 2@ XCALC FIX DBUF OXt - SWaF DXL +

DISFLAY 300 0 HEADING " LINE REST WAVELENGTH"
A7% O HEADING LINENO ELEMENT-0UT LINENO LLAK B9

MEASURE LINENO LLAR 20 NFTS @ LORS 210 1 NPT @ FLAG 'D
VLINE NFTS 8 VORS 210 1L NPFTS @ + NPTS 10 1 L0 LINEND +1
00 S500 HEADING % WAVELENGTH* 270 500 HEANING LLINE F.,
300 800 HEAUING * VELOCETY KM/Z&H" 278 775 HEADING VLINE F.
200 0 HEADING " OFTIONS AVALLABDLE §-* CR

o NEXT ! PROCEED WITH NEXT LINE® OR

' OREFEAT ¢ REMEABURE LINE®* OR

MREJECT ¢ REJECT LANE FROM MEASUREMENTS® COR
MOFINISH 3 END MEASURING® CR THEN §

1

C BJM - SPECTRAL LINE VELOCITY 7/ PROFILE FITTING )
§ REJECT 1 NFTS @ 4 NPTS D 3§

¢ REPEAT =1 1L201 LINENO +! REJECT REXT 3
i FINISH FULLSOCREEN OBSERVATIONS 3

FAGE o8 LINE PROFILE FITTING MODE * CKR CR

13

C BJIM ~ GPECTRAL LINE VELOGLITY / SIMULATED COMPARATOR )
FOs» RINT XC FO+ 2INT Y1 FO« 2INT Y2 O INT XI
O INT CEN FO. 2INT DX8 O INT LX O INT UX

PONTEPLAY ERASE CEN DXL~ CEN DXL + X SIZE SFLOT FOINTPLOT OFF
LIMITS DO GEN FLOAT XS F4 20UF L FLOAT F- F+ 20UF $= XO FIX §»

XL XI #7 @ FLOAY = YL XTI 1+ FT @ FLOAT 3= Y2 Y2 Y1 F- XC XI
FLOAT F- F¥ Y1 F+ FIX § LIGHT LOOF ALPHA LINEFLOT LINENO
LLAER 2@ XCALC FIX DUF 1000 SWAF S00 JOIN LIMITS = LX &= UX

LX FLOAT LCALG FIX UX FLOAT LCALEC FIX SIZE -200 ~8 X INC 2!

AXES FULL GRID LX UX X SIZE 3

@%&

O P TR T e

A T T G R TIe )

i £




Gt Andvrews FORTH GaleFoB, Frogram Listing RJIM 10 aAlUG 19281 13?

3

11O =

X~V PLN FLOGT OXS F+ LCALLC 2DUF = LLINE LINENO LLAR 20

14
C BJIM - SPECTRAL LINE VELOCITY / SIMULATED COMPARATOR )
H
Fr LINENG LLAR 2@ F/ C-VEL Fx RSUN Ft+ &= VLINE 3

P OSAVE LINENO LLARB 2@ NPTS @ LOBS 210 VLINE NRFTS @ VORS 21D s
L NPT @ FLAG 0 1 NFTS @ + NPTS (v 1 £/ LINENO 4! FO. = DX& &

¢CREJECGT 1 D73 LINEND +! FO. &

nXs ¥

TN S

9 1 FINISH FULLSCREEN DBSERVATIONS 3§

Li FAGE % SIMULATEDR COMPARATOR MODE®* CR CR
1 2 e ':-

13 #8

14 5 &

Tl
E:
8

1
0 ¢ BJM - SPECTRAL LINE VELOCITY / SIMULATED COMFARATOR )
L3 NEXT LINENO NLINES @ = IF " END OF CATALOGUE® CR ELSE
2 LINEND LLABR 2@ 20U XCALC FIX = CEN DISFLAY X~V
F 300 O MEADING " LLINE REST WAVELENGTH*

A4 275 0 HMEADING LINENO ELEMENT-OUT F.

Bo300 U000 HEALING " WAVELENGTH® 275 H00 HEAIING LLINE F.

6 F00 800 HEADNING " VELOCITY KM/6* 27% 6800 HEADING VLINE F.
7 200 0 HEADING " OPTIONS AVAILABLE i-" CR

8 o0 i MOVE REVERBED IMAGE RTIGHT* COR

¥ % wK tMOVE REVERSED IMAGE LEFT® OR

. vOACCERT RESULTY CR " REJECT 3 REJECT RESULT* CR
o O NEXT $OPROGEED TO NEXT LINEY CR

o' FINIGH ¢ END MEASURING® CR THEN §

L3 2 OROW" SBHIFT=" FABK L0 BXE F+! NEXT »
: : A

44 CR % GHIFT=" FASK FMINUSG 72 DXS F+! NEXT @

2116
O ¢ BJIM - SPECTRAL LINE VELOCETY / MASBTER CATALOGUE OF LINES > %
1 2220 INT MASTER-CATALOGUE :
2 3

3

4

M=~UAL 1+ &4 1024 %/MON MASTER-CATALOOUE + RBLOCK + 9
NBETS -1 M-Val. 3

) TUTLE-EN  FAD 30 HLANK FOALl 80 EXPECT

& Fan SWak M-Ual. 30 MOVE UPDATE §

7 1 TITLE-OUT M-VaL 30 TYFE 3§

8 3 DATALOGUE-BLOCK M-VaAl &0 + F

¢

*e o0 @

10 ¢ DELETE~CATALOGUE NSETS @ SWar DO T 14 M-Val 60 + @ E
11 1 M~val. 60 + I 1 14+ M-VAaL T Meval. 30 MOVE UPDATE :
12 LOOF NGETS @ -1 + NGETSH 1D 3

13 ey

14 38

18 58

o
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2LL7

O ¢ BJIM ~ SPECTRAL LINE VELOCT O / MASTER CATALOGUE OF LINES O
13 ENTER

S LR " BLKWND= YOASK s SRL-LAT

J CR " DO YOU WESH TO CREATE NEW CATALOGUE 7" Y/N L = 1F

4 (GORO VY ENTER TITLE

S 01 NBETS +100 NBETS @ TITLE~IN 7 (.

6 SPL-CAT  NSETS @ CAaLOGUE-BLOCK 10 CLEAR-CATALOGUE 4
7 CREATE-CATALOGUE EL.SE ' 4
8 CREATE-CATALOGUE THEN § “
Qe

10
11
12
13
14
15

TR R @R Ty M e
wEunmn

2118 b
O C BJIM ~ BPECTRAL LINE VELOCITY / MASTER CATALOGUE OF LINES
1 3 CATALOGUE CR " CATALOGUE OF LINES AVALLARLE® CR

CR +" NO. TITLE" 23 SFACES " RLK*

C r\' + a [ R A Srhr U R R e H R o P B HE T R b S

GRoo" =N) & DELETE CATALOGUE NO. N

CR " 0) £ ENTER NEW LINEG v

NSETS @ MINUS O« IF NSETS @ 14 1L D0 CR I 2 R 41 C. 1 SFACES

I TITLE-QUT 2 SPFACES I CATALOGLE~BLOGK % LOGE THEN

CROCR " ENTER NO.REQUIREDR * ASKN s M

M O= IF ENTER THEN

M0 o NGETS @ 0 > AND IF M MINUG DELETE-CATALOGUE THEN

1L M O = NSETS @ M < NOT AND LF

12 M CATALDGUE-RLOCK @ = SPFL-0CAT THEN 3§

b age e dete s g e O

O TNDTD LI

14 1 WARNING | CATALOGUE ;
15 :
2119

0 ¢ BJM = CROBSCORRELATION ANI VELOCITY KROADENING )

1 FORGET SUBTASK  SURTABK

20 WARNING |

3 1% +ELOCK LOADER CATALDGUE

4 =108 +HLOCK LOAD C FFT )

§ ~109 FELOCK LOAN ¢ DISG ARRAYS ) WAREA ¢ WORKAREA |

6 =77 HBLOCK LOAD ¢ DATA HANDLING > URF

7 =76 tRLOCK LOAD ¢ LOG LAMDA )

8 ~79 +BLOCK LOAL ¢ RV CORRECTIONS )

9

10 1 +RLOCK LOAD ¢ FILTER )

11 % +BLOCK LOAL ¢ FLOTTING ) :
12 9 +BLOCK LOAD ¢ NORMALISING ) =

¢ STNO/STAR ) ;

1% 3 +BLOCK LOAD
1.4 5

15
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O ¢ BJIM = ColleFys AND VB, Fs / NOLSEFILTER )

L FO« 2INT (R/7AD2 FOo 2INT ALFHAOQ Fo. 2INT A FO« 2INT B

2 0 BASET F/ FX%2 L0 (B/ZAX2 20 5 1 GFIX 1000 FLOAT F%X FIX §

3

4 0 F(8) Fxx2 ALFHAO FXk2 FXx F2 FX 20UF FI1O F LF
FALOG (B/ZAX2 FX FL F+ F1 28WAF F/ ELSE 2DROP FO. THEN

7

3

o

7 ¢ GAUS FXRX2 ALFHAO FXX2 FXx 20U FL0 Fx» IF

8 QIROF FOL ELSE FMINUS FALOG & FX THEN ¢

4

10 3 CUTOFF (B/0)2 FLOGLO F2 F/ FMINUS FSART ROY

11 FLOAT F/ = ALFHAO 3

12

13 ¢ NOISE FO. ROT DUF 2% >R N 2/ DUF ROT + SWaAF DO I AR
14 AMPLITUDE F+ LOOP F2 FX Rx FLOAT F/ 20UF F. A BASET §

15 el

BJIM =~ BROADENING FUNCTION / NOISEFILTER )
GO0 INT FINOISE 1000 INT FTCUTOFF

¢ FILTER N 27 1 DO 1 FLOAT FO8) 2DUF 2DUF 20UF 1 AB@ 2:R FX
i FOs FOO N 2/ AR 3

P PARAMETERS " FILTER THRESHOLI= * AGK
N BWAF /7 = FTCUTOFF N 10 / &= PTNOTSE §

10 3 AUTO  FO. 20 1 DO T ABE AMPLITUDE FMAX LOOF t= @
Ll oA Fo PTNOLSE NOISE PTCUTOFF CUTOFF 3

13 4 P GAUSFLOT FLOAT GAUS B F4+ GFIX 3 3 6aUSHLOT 4 AFLOT 3
14 % P FILFLOT  FLOAT F(8) GFIX # POFILPLOT 8 ARLOY #

BuM = GaCoF e ANDD VLR STANDARD )

STANDARD SETUF CR +* NOGFOINT#Es * A8K VALUES LOGSCALE
@GR " VELOCITY = " FASK RBUN F- fw RUSTND g

d DR " 18 THE WAVELENGTH CALYBRATION HET U 4 ¢

4 Y/N NOT JF GALIBRATE THEN

U OR % DESC AREA TO STORE SYANOARD TRANSFORM = * ASK = TN
& PABE CATALOBUE

7 CR " TYFE XSTND TO CONTINUE " 3

= s
-y I~~~

9 L XESTND SPEC 1= SOURCE AREA §= UEST LOGCONY
10 AREA SASET STND CASET TRANSFER FFT STGNAL §

bl
o

3
4 28WAF 2R> FXx 1T Akl N I - ABE 23R Fx 268WAF 2R> FxX N T - AR LOOK
B

a2

7Y

%)
4]
-

@
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15

23
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el
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2
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BUM = C.0WFe AND VaR.F. /7 STAR )

TOBTAR  SETUR

CR % 18 THE WAVLLENGTH CALLTBRATION SE7T U ¢ ¢

Y/7N NOT IF CALTRRATE THEN ERASE

O TYFE XS8PRM AFTER SELECTION OF STANDARD" CR CATALOGUE 3

P OXBFRM

CR FARAMETERS SPEC = SOURCE AREA = DEST LOGCONV AREA SASET
GPRM CASET TRANSFER FFT

CCF/VEF EXECUTE AUTO FILTER

~FFT REORI  SIGNAL FNIISPLAY §

1 WARNING !

FAGE
CR 8 TYPE STANDARD OR STAR * CR CR

3

-
~
B

C RIM ~ CotoFe ARD VoBWF. 7/ VELOCLTY SCALE )

O WARNING !

=80 +BLOCK LOAD FOURLERDATA PEAKS ( MAX/MIN ROUTINE )
=79 +BLOCK LOAD ¢ LST.8Q. FARABOLA )

FOo QINT VEL FO. 2INT I/ERR

FOo 2INT BMIN FO. 2INT RBMAX

O INT UMIN O INT UMAX

O INT FI FO. RUNT FC FO« 2INT RYL FO. 2INT RY2

$ VOCONV N 2/ FLOAT F- LSCALE FX FALOG ¥FI1 - O~VEL FX §
§ VCALC VCONV RVUSTND F+ REUN F+ 3
¢ Z20ALGC C-VEL F/ F1L F+ FLOGLO LSCALE F/ NO FLOAT F4+ ¢

b

-

C BIM = CoCoFy AND VeBGF. 7/ FLOTTING )

POBCALING FO. $= BMIN FO. = HEMAX

UMAX FLOAT ZOALC FIX UMIN FLOAT ZCALG FIX Do

I ABCOMPLEX R0 20UF BMAX FMAX $= BMAX BMIN FMIN $= BEMIN LOOF
EMIN FFIX BMAX FFIX Y S12E §

P
I3

%%

P UTRANS UMAX UMIN - O R0

I UMIN 4+ FLOAT ZOCALC 20DUF Y= FG FIX $= FI

GPRM CASET FI ARCOMPLEX 2@ $= RYL FI 1+ ARCOMPLEX 20 = RYZ2
RY2 RYL F= FC FI FLOAT F~ F% RYl F+ '

AREA CASET I ARCOMPLEX 210 LOOF ¢

POVELAXES CR WY SFECIFY VELOGLTY RANGE IN KM/8* OR
CRo«" PLOT FROM " A8K $= UMIN . 70 * ABK 1= UMAX VTRANS ¥

",
ovte binn
R




G

2126

Q

~y 1 r')'7

O

“)

2128

,_
CEESNDIUTDLIRN =T

=

ey
3

13
14
135

toe Ancivews B ool Gele e Py Lo antens BJIMOLO AUG 1981 1%

CRIM - CaQuF o ANIL VoRWF. / FLOTTING )

¢ LFRVI GFRM CASET CRARIT VOEALOC F. " KMZ8" CR
¢FRY CR o NOGFOINTS IN FIT=Y AGK = NOF

SFRM CASEY NOP FOINTS X0 YOALL = VE
ERROR X0 SHRES F- VCALC VEL F- FARS = [/ERK
CROVEL F+ o* 4/~ " I/7ERR Fo " KM/ " CR 3§

L
LS

¢ LRVI AREA CASET LRARIT UMIN FLOAT F+  F. " KM/8* CR §

$RV CRO " NOGJFOINTS IN FIT=* AGK = NOF

AREA CASET NOF FOINTS X0 2DUr VMIN FLOAT F+ 3= VEL
ERROR SDRES  FARBS = L/ERR

CR VEL Fo +* 4/~ % I/ERR F» +* KH/8 * LR 4

.,
o i

¢ BJM - C.CoFo AND V,B.F. /7 PLOTTING )

O +BLOCK ¢ CAFTIONS 9 IN-LINE L#L0OAD §

¢ DISFLAY

FAGE UMIN UMAX X SIZE AXES CAPTIONS AREA CALETY
0 UMAX VUMIN -~ X SLZE 10 AFLOT §

VENDISPLAY O N X SIZE SPRM CASET AXES 10 AFLOT §
¢ 3 VFLOT VELAXES DISFLAY § )

1 WARNING !

EXLT

B0 BOO HMEADRING HF" ¥ KM/H*

SODECONVOLVE ¢ CCF/VRF @ = TFTRUE

400 100 HEALING HF" BVI" CR O OR O TFEND
COXGREG 4 COF/VURF @ = TFTRUE

700 100 HEADING HE" CRUGSPORIILhIION FUNGTION®
A00 LOO HEADING HFY GdZ)Y CR OR LFEND

( BJIM ~ Ca0eF e AND VekoF, 7/ NORMALISATION )
O WARNING !

FOo 2INT ASUM FO. RINT NSLEV 0 INT NPOTNTS

O INT SV O INT QUSINL O INT LLIM O INT ULIM

$OFIND-NOTSE O = NEFOINTS FO. 3= ASUN RAR RAR SWAF IO

I ARCOMPLEX 2@ ABUM F+ $= ABUM 1 NFOINTS + 3= NFOINTS LOOP
ABUM NFOINTS FLOAT F/ &= NSLEV 3§

PONSET COORDSE FLOAT FLOOO F/ im NSLEV DROP $

§OFIND-AREA FO, tm ABUM ULIM LLEM D0 T ARCOMPLEX 2@

LONBLEV F- ASUM P+ = ASUM LOOF §

¢ ONORM UMAX VMIN - 14+ O [0 T DUF ABCOMFLEX @@ NSLEV F-
ABUM F/ ODSINT FLOAT Fx%2 FLOO0 F/ Fx ROT ABCOMPLEX 210 LODF

e e ot

R A R T S R P A P
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¢ BIM -~ GRAFI FLOTTING O
O INT 8Xi% G INY 6X2
O INT §Y1 O ITHT YR

3 WINDOW X1 6X2 ARSCISHEA  SYL SY2 ORDINATE 40 Y CORNER |
X RNG 2@ 11 14 %/ > IF 700 Y FRAME !} 700 X RNG @
Y RNG @ %/ DUF X FRAME | MINUS 1000 + X CORNER 1 ELSE
24 X CORNER | 206 X FRAME ! 204 Y KNG @ X RNG £ %/ ‘
Y FRAME ! THEN ¢ '

! SETAXES CR +° X COORD, FROM * AGK = 8XIJ

e TD M ABK = 6X2 CGR ' Y COORD. FROM * ASK
aYr oM TO " AGK s HYZ X1 X2 X 8IZE

SY1 6Y& Y SIZE WINDOW 3

e v 3o

e
i

2130

2134

0

|
s

-
BMECOCD N D LI

s Ba
“
~

-
18

=
>

CBJIM ~ LLo00Fe ANDL VLBLF, 7/ NORMALISATION )

POPARAM CR o SYSTEMIT VELDEITY=" ABK = GV

CRO¢* NORMALISING FACTOR IN KM/8=* ASK = ODSINX

GV OLOSINT ~ UMIN - 2= LLIN

OQUESINE 8V + UMIN - 3= ULLIM

CR " SET NOTSE LEVEL * CRO " TYPE NORMALTSE TO CONVERT % R
¢ NORMAL LSE FIND-AREA NORM

UMEN $= GX1 UMAX (s GX2 UMIN f= v UMAX = Y2 WINDOW
DEGPLAY ¢

i LEVEL UMAX UMIN - 14 O DO D DUP ABCOMPLEX 20 NSLEY Fe-

L ROT ARCOMFLEX 2150 LOOF §

1 WARNING )

C RIM - MABTER CATALOGUE OF STANDARDS )
2240 INT MASTER-CATALOGUE

PZ FAD 20 BLANK

M-VAl 1+ &4 1024 k/KON MASTER-CATALOGUE + BLOGK 4+ 3§

NBETH -4 M-VUAL ¥ '

NAME~IN PZ PAD 10 EXFECYT  FADD SWAP  M-Val. 10 MOVE UFDATE ¢

NAME~OUT M»VAL. L0 TYFE §

SF-IN PZ FAD 4 EXPECT FAD SWAF M~VAL 10 + 4 MOVE UPDATE §
¥

|

i

b Ve Ak

Y TRy

AZMM~IN P2 FAD 4 EXFECT  FAD SWak M~VAL L4 + 4 MOVE UFDATE 5%

A/MM=0UT M~UAL 14 + 4 TYFE #
TEL-IN P2 FAD 16 EXFECT  PFAL GWal M-val 18 + 146 HOVE URDATE
TEL-OQUT M=VAL 18 + 1& TYFE ?

G
“

:
§
3
H
:
! BP-0UT MeVAL 10 4+ 4 TYPE
$
:
’

g

53
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*0 e 40 O 24 2o M L

BJUM - MASTER CATALOGUE OF STANOARDS )
STND~ST M~VAlL 34
NO-8T M-VAl. 36 + ¥
LETART-8T M~-VAL 38 + ¢
LETOF-8T M~VAL 42 4 3
LECALE-ST M-VAL 46 +
RVSTNIO-S T M~VaAl. 50 +

Y

¥

~
"~

-y e

¢OBTDEL NSETS @ SWaAF 0
44 0 DO J 14 M-VAL T+ @ 0 M-VAL T+ D LOOF
LOOF NSETS @ 1 NSBETS D 3§

$ CHECK-N NSETS @ 0 IF O NSETS 'l THEN 3
CHECK-N

R

DLNFEFONAINDIODEE

il ot

&

36
¢ BJIM - MASBTER CATALQGUE OF STANIARDS )
¢ ENTER
SETS @ 1L + NSETS 00 BEGIN
CR .* STAR NAME P0ONBETS @ NAME-IN 7 ©.
R SBPECTRAL TYHE PONGETS @ SP-IN 7 0.
CR FLATE SCALE A/MM §" NSETS @ A/ZMM~IN 7 (.
CR +* TELESCORE PYONSETS @ TEL~IN 7 C.
CR +" IS ABOVE DATA ENTERED CORRECTLY 7 " Y/N L = END
STND NSETS @ STNO-GT 11
NO NSETS @ NO-ST D
LO LSTART NSETS @ LSTART-ST 210
11 LETOF NSETS @ LSTOP-ST 210
12 LECALE NSETS @ LSCALE-ST 211
13 RVGTND NSETS @ RVSTNI-ST 210 3
14 iy

")
A

.- @ &
= & =k =

CSENDIUD LIS O~

2137
O ¢ BJIM -~ MASBTER CATALOGUE OF STANDARDS )
10 +BLOCK ¢ SELECT-CATALOGUE CR " CATALOGUE OF $TANDARDS " CR
2GR Y NO.  8TAR GF A/MM WAVELENGTH B TELESGORE®
B QDI o ™ et a2 e gttt U e D522 0B I A 06200 4 a0 O £t e ¢ 43 B0 80 2100 ERE 100 Ok B0 ShHY D AR B020 SIS G THUP S BRID 050 D00 RA GG 202 0t 2t
4 CR % ~N) o DELETE STANIARD NO. N ="
5 CR «*  0) < ENTER NEW STANDARD °
& NBETS @ MINUSG 0= 1F NSETH @ 44+ 1 DO CR I 2 JR 41 C. | SPACES
7 0 NAME-OUT 2 SFACES I SP-0UT L A/ZMM-OUT 2 SPACES
8 4 0 FMT I LBYTART-ST FP? % = * [ LETOP-ST FT I STND-8T @ B R
9 3 SPACES I TEL~OUT LOOF THEN 10 22 FMT
10 CR CR " ENTER NOREQUEIRED * ASK = M M O= IF ENTER ELSE
11 M 0« IF M OMINUSG STREL ELSE M STND-BT @ =
12 M LETART-ST 2@ = LSTART M LETOF-8T 2@ = LSTOF
13 M LSCALE-ST 2@ 3= LHSCALE M RVSTND-ST 2@ = RVSTND
14 THEN THEN 1% IN-LINE LELOAL 3 SELECT-CATALOGUE EXIT
195 FORGET MABTER-CATALOGUE

.| - .:j

diad &
!
|
|
i
]
I
i
|
{

mb

CGTNIE M ONO-GT @ VALUES:
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0O
1
2
3
4

5

b
7
8
9
1O
11
12
13
L4
15

2139

Fr e O

N D

{ BJIM -~ REDUCTIONSG CONTROL BLOCK )
FORGET SURTALK ¢ SUBTASK 3 -

1 +ELOCK LOADER STAT-FAK
12 +BLOCK LOADER ORBILY
23 +RLOCK LOARER SEARCH
36 +BLOCK LODADER GRAFH

FAGE +& REXUCTTION ROUTINES ﬁVﬂllﬁBLL
CR % STAT-FARK $~ )IATliTlCH" ' :
CR «% OREIY P RADTAL VELOCITY CURVE SOLUTION®
CR . # SEARCH e PERIOD FINDING"

GR ok GRAFH P GRAFH PLOTTING ROUTINES® OR

¢ GUB~-SURTALBK ¥

5 3T IS A0 NG N i

¢ BJM ~ STATISTICAL FACKAGE ~ CONTROL BLOCK )
FORGET BUB-SUBRTASK : SUEB-BURTASK #

=129 +BLOCK LOAD ( BI8C ARRAYS )

6 ARLOCK LOADER STATISHTICSH

7 +BLOCK LOADER LINEFLT

8 +BLOCK LOADER EXFONFLY

? +BLOCK LOADER POWERFYLT

LO 4RLOCK LOAD ¢ FACILITIES )

I HRLOCK 1 +BLOCK 3 SELECT

CR CR " ENTER NOJOF FARAMETERS " ABK = M
ML o= IF LSWAFD IN-LINE LOAD THEN

M 2 = IF LSWAPYT IN-LINE LOALD THEN $

i MINITASK §

SELECT

2140

0
1
o
3
4
b
[
7
8
(4
LG
11
12
13
L4
L

C HJIM ~ STATISBTICAL FAUKAGE - 1 PFARAMETER STATISTICS )
FORGET MINITASK ¢ MINITABK ¥

0 WARNING | ‘

OAREA INT ORBAREA

ORS 14+ 2 %12 k/MON OBSAREA + BLOGK 4 3

OF -1 ORS #

e 5

POENTER CR +" I8 THLS A NEW LAYﬁIOGUK TrY/NOKF OO OF D
CGR " NOLVALUES:= ¥ ABK = M

OF @ M+ 0OF @ D0 CrR T 3 R 3 SFACES

FagK 1 Opg 210 L OF +o LOOF 3

tODELETE COR +* NO.= * ASK OF @ SWAF DO T 1+ OBS 20 I ORS
LOOP -1 OF +i0 3§
! CHANGE CR % NOe= * ASK % ValUE= * FASK ROT ORS 2D 5

o
e
o

THEN

Q10

T LT Yo Y s
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2141

O ¢ BJM ~ STATISTICAL FACKAGE -~ 1 FARAMETER STATISTICS )
¢ VALUES CR " NO. Val. U
20F € 0 DO CR T 3 JR T OBS F? LOOF 3

S

P FC FO. FCONSTANT 5 FC X FC X2  FG XM FC X8I FC XBE

OF @ 0 N0 1T OrS R L7 86X F+! LOOF 8X 0F @ FLOAT F/ L7171 XM 21

OF @ 0 N0 T ORS 20 XM F- Fxk2 L2701 X2 F+! LOOP

6X2 0F @ FLOAT F/ FSQRT L7 XSD 21 X6 0F @ FLOAT F8ARY #/ L7
1O XSE 2t " MEAN=" XM F. CR " 80 =" X8D . CR " SE =" XGE F.

3
4
)
& ¢ SOLVE CR CR FO. L7101 86X 20 FO. L70 8X2 21
7
8
4

1§ FAGE  ofF ONE FARAMETER STATISTICS " CR CR
13 1 WARNING !

2142

O ¢ BJIM ~ STATISTICAL PACKAGE - 2 PARAMETER STATISTICS )
L FORGET MINITASK ¢ MINITASGK 3§

2 0 WARNING !

3 OAREA INT OBRSAREA

4 ¢t DBS 14+ 8 L1024 X/MOD ORSAREA + BLOCK + 3

G2 0P ~1 OBRS 9

&

7

7 ¢ ENTER CR " I8 THIS A NEW CATALOGUE T * Y/N IF O OF D THEN
8 CR " NOJVALUES= " ABK = M

OF @M+ OF R DD CR T 3 R 3 EPACES FASK FABK 28WAF 1 OBS 41
1O UPDATE 1 QF 1D LOOF §

11 8 DELETE CR % NOW= " ABK OF @ GWaP D0 T 1+ OBRS 40 I OnG 41
12 UPDATE LOOF «1 OF 10§

13 ¢ CHANGE CR % NO.= ' ABK Pa M " VALUES= " FABK FASK

L4 26WAF M OBS 4! UFDATE §

LG e

?,

2143

O ¢ HJIM ~ STATIBTICAL FACKAGE -~ 2 FARAMETER S8TATISTICS )
1 ¢ VALUES CR " NO. X ) 4
20 @ 0 DO Gk L3 JR Y OBS 4@ Fo Fo LOOF §
3
4 3 FGC FOs FOONSTANT 3
B FC 8X FC 8Y FC 8XY FOC 8X@ FC 8Y2
6 FC XM FC X8I #FC XBE FO YM FGC YBD FC YSE FC CORR
7 FC M FC MERR FC C FC CERR FOC BRES FC RMS
FOOALL FCOALR FOC ARL FO A2R FOC RL FOC RR FC DET

o

H

<5
-
HE T

R
> T > e ek wr |
80280

aﬁm &0 M O T

b A
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O ¢ BJIM ~ STATISTIVAL PACKAGE - 2 PARAMETER STATISTICS )
1 LBTHA

2 ALY AR2 FX ALZ 821 Fx F- L7270 DET 2!

3 A2 DET F/ 612 DET F/ FMINUS A21 DET F/ FMINUS ALL RET F/
4 [0 AR2 2V 170 AR 21 L AL 28 100 ALl 2!

S OALL RL OFx ALZ2 B2 FX F+ L7016 21

6 AL BIL FX AR2 BR FX F4+ L70 M2 6

7 ¢+ ERROR

8 RMS FXX2 A1)l Fk FEQRT L) CERR 21

9 RM&E FxX2 AR2 FX FHART 71 MERR 261

1O FAGE 4 TWO PARAMETER STATLISTICHY CR CR

11 1 WARNING ! '

12 ¢ TINYTASK §

14

15

214%
O ¢ RBRJM ~ STATISTICAL FACKAGE = 2 FARAMETER STATLISTICS ) i
1 FORGET TINYTASK ¢ TINYTASK & O wARNINﬁ |
2 1 S0LVE FO. L71 8X 21 FO. L21 HY 2
X FO. L0 G6X2 2 FOo L7 8Y2 21 FOo 671 XY 21
4 OF @ 0 DO T ORS 4@ L1 8X F+! L7271 8Y F+t LOOF
5 o8Y 6X 0F @ FLOAT 20UF «2R0T F/ L71 XM 2@ F/ B4 YM 2!

G 0P @ O DO I ORS 48 XM F- 20UF FXX2 L0 $X2 F+1 208WAF YM Fe 20U 5
7 OFRX2 L0 8Y2 F41 #x L0 8XY F+!1 LOOR 4
8 6X2 0OF @ FLOAT F/ FSQRT £71 X8D 2! X80 OF @ FLOAT FSQRT F/ L7271 <
P XHE 21 8Y2 OF @ FLOAT F/ FSART L21 ysn 20 Y&6DH OF @ FLOAT FSART '~

10 F/ L20 YSE 21 6XY OF @ FLOAT F/Z X680 Y80 FX F7/7 L21 CORR 21 :

L1 CR % XMEAN=* XM F, " YHEAN=" YM .

12 CR " X8O m* X8I Fe " YHIT = Y&ED F.

L3 OOR o XSE  mv XGE F, . YSE = YSHE &, 4

L4 CR COR % COEFFICIENT OF GORRELATIEON =* CORKR F. $ EXLY é

1% 1 WARNING | :

21446

O ¢ BJM » STATISHTIOAL PACKAGE ~ LSBT HQLINE D

L FORGEY TINYTASK ¢ TINYTABR § O WARNING |

208 80LVE WM ¥ m MX 4+ 0" OR

IO B B 21 FO. L0 oBY 21 FOs L1 oSX2 20 FO. E2d axXy 21
4 FOs L) BRES 21

S0P @ O B0 L OORS 4@ 20U L0 SX B4 2DUR Fxke L0 SXR Fed
& 2EWAF 200 L7 SY P4t Fx L2 8XY F4! LOOR

72 0 @ FLOAT L4203 ALt 20 8X QDU £20 Aale 20 LY ARl @1

g GX2 L4 aRe 20 8Y L20 mi 20 8XY L0 B2 2 LSTHA

® CR " X Y LAY Y GR
10 OF @ O DO CR T 5 JRO1 DRSS 4@ 20UF K. oM OFX O 4
11 ROVER Fs Fe 20U Fo FXX2 070 SRES F4+0 LOOM

Lo SRES OF @ 2 - FLOAT F/ FSQRT L1 RMS 20 ERROR

13 CROCR % M= M Fy o &% MERR F.

14 OR + Cm=" 0 Fy o* " CERR F, #

15 1 WARNING !

e PN S G

ki
3
1
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2147

1

10
Lt
12
13
14
156

2148

C 2JM = STATISTICAL PACKAGE ~ LST.5QEXFONENTIAL CURVE )
FORGET TINYTASK ¢ TINYTALBK § O WARNING !

FC ML FC €L FL 0.43429 FOCONSTANT

$S0LVE o0 Y o= 0L x EXP O ML o x X )Y CR

1981

FO. £71 8X 21 FO. [’ 8Y 21 FO. L[] BX2 2! FO, L] 8XY 2|

FO. L7 SRESG 21 :

OF @ 0 D0 I ORS 4@ 20UF 71 68X F+l 20UF FXxX2 L1 §X2 F!
2BWAF FLOGLO 20U 70 8Y F+! Fx L0 6XY F!

M EF/Z L3 ML 21 ¢ PaLOG L73 €1 2)

GR " ' X X - XY " CR

OF @ 0 N0 CR I %5 JKR 1T OBS 4@ 2DUF F.o M1 FX EXP CL FX
20VER Fo+ F- 20UF Fo 71 SRES F4+1 LOOF

LOOF  LSTSR

ERROR CR CR " RME ERROR =" GRES OF @ 1- FLOAT F/ FSQRT F.

CRCR " Ml=* ML F. CR * Cl=" QL F. ¥
EXTY
L WARNING !

¢ BJM -~ BTATISTICAL FACKAGE ~ LST.85Q.FOWER CURVE )
FORGET TINYTASK $3 TINYTASK & O WARNING !

FC M2 FGOR :

¢OB0OLVE o Y = R x X FWR M2 GR

FOo 40 88X 24 FO. £71 8Y 21 FOe £41 8X2 21 FO. L73 8XY 21

FO. L0 BREG 21

ODF @ 0 nd 1 ORS 4@ FLOGLO 20UF £40 X F+!1 20U Fxx2 1
REWAF FLOGLO 20UP £ 8Y F4! Fx L71 8XY F+! LOOF  LSTER
M LD M2 20 C FALOG L1 G2 21 ‘

GRo " X Y LAY %GR

OF @ 0 DO CR T 5 R 1 OBS 40 200F F, M2 FFUR CR FX

QOQUER F¢ F~ 20UP F¢ L’1 B8RES F+! LOOP -
ERROR CR CR " RMS ERROR =" SRES OF @ 1- FLOAT F/ FSQRT
GRCR ¢ M= M2 Fe CR " C2=" QR F. §

EXTT

1 WARNING |

2149

0
L

“3

R

WEONEONDE DDLU
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