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ABSTRACT

A photoelectric spectrum scanner has been built in
Edinburgh University Department of Astronomy by Dr. M.dJ.
Smyth and the author. A feature of the spectrum scanner
is the usé of a small fraction of the undispersed star-
light to p}ovide a reference beam for compensating
changes in jatmospheric transparency, seeing and guiding
errors. Using the ratiometric spectrum scanner Nova
Cygni 1975 has been observed (Kontizas, Kontizas & Smyth
1976).

Photoelectric spectra of 72 early type stars have
been studied for two purposes: a) to investigate the
luminosity effect; and b) to establish a temperature

scale for stars from BO to early A spectral type.

The ultraviolet part of the spectra has been
observed with a 27-cm ultraviolet telescope which gave
low dispersion spectra over the wavelength range 1350 A -
2550 A and a broad band measurement centred at 2740 A.
This telescope was installed in the TD-1A satellite

(Boksenberg et al. 1973).

The visible part of the spectra has been observed
by E. Kontizas using the spectrum scanner mentioned
earlier or by K. Nandy using a single channel, low

resolution, spectrum scanner.

Real/



Real spectra have been compared with synthetic
spectra from the models of Kurucz, Peytremann & Avrett
(1974) for the estimation of.Teff. The used data cover
a wide wavelength range (5556 A - 1350 A) and the models
include aKVery large number of lines (1 760 000 lines).
in order t? compute a statistical representation of the

line opacify in terms of distribution functions.

It has been found that for early B stars the
supergiants are cooler than the main sequence stars of

the same spectral type but become hotter around B9.

The gravity, multiple systems, non-LTE, convection,
rotation, opacity, and line blanketing effects have been
considered for their possible influence on the ovserved
flux deficiency of B supergiants and giants compared with

main sequence stars of the same spectral type.
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I INTRODUCTION

During the last few years ultraviolet stellar
astronomy has made enormous progress. The various experi-
ments organised to take place in balloons, rockets or
satellites provided a large number of high quality data
from which new scientific results were reported.

The first major stellar observatory in space, 0AO-2,
was launched at the beginning of 1973. The ultraviolet
observations were made with two objective grating spectro-
meters; the first for the spectral range ~ 2000 -~ 3800 2
and the second from ~1100 - 2000 & with spectral resolutions
of about 20 % and 10 & respectively (Code et al. 1970).

The ultraviolet Copernicus satellite (0AO - 3) gave
high dispersion spectra and many important scientific results
wvere reported on interstellar matter and O and B stellar
spectra. (York 1976).

The Orion-2 Space Observatory aboard the Russian
Soyuz-13 provided over a thousand stellar spectra in the
region of 2000 - 5000 & with a resolution of 8 — 28 %.
Ultraviolet spectrograms were also obtained shortward of
3000 & for faint stars (12 - 13™). (Gurzadyn 1975).

The Netherlands Astronomical Satellite (ANS) provided:
vltraviolet photometric data in 5 bands centred at 1550,
1800, 2200; 2500 and 3295 & with a passband of ~200 2.

Up to October 1975, 16000 observations were performed
for the study of 25 various astronomical problems.

(Duinen et al. 1975).



Additional results were obtained by the Skylab
3183 program, the French satellite AURA, TD-1A, ESRO
satellite etc.

The ESRO TD1-A satellite carried in addition to
other experiments a 27cm diameter telescope-spectrometer
combinatiog which provided over 20 000 spectra with a 35 2

resolution in the wavelength range between 1350 and
\- :

1

2550 8, and a single channel photometer for broad band
measurements (400 R passband) centred on 2740 % for 30 000
stars (Boksenberg et al. 1973).

Ultraviolet spectra obtained by TD1-A were available
in Edinburgh Observatory, at the beginning of this project.
It was therefore considered to combine the ultraviolet data
with ground based observations and study the énergy
distribution of early type stars for a wide spectral range
(1350 to 5556 R).

For the observations in the wvisible, a two channel
photoelectric spectrometer wés built in Edinburgh University
by Dr. M.J. Smyth and the author.

The type of spectrometer that has to be chosen for a
project depends on several factors, some of which are
uncontrollable. Technically the instrument must be
adequate for its particular-purpose, like measurement
of bright sources with high resolution or measurement of
faint sources with lower resolution, but the final choice
of an instrument is restricted to those which can collect
enough information in a given time in the most economical
vay.

The dispersing element and kind of detection determine



the different types of spectrometers. |
Prisms were first used as dispersing elements. The
absence of overlapping spectral orders and the freedom
from "ghosts" made it very useful for the detection of
faint spectral lines.
Gratings were used as dispersing elements next. It
was found that the spectrometers with a large prism have
luminosity-resolution product (LR) far below that of a
grating spectrometer of modest size. The consequent
overlapping of orders and their inefficiency for large
telescopes are the main disadvantages of grating spectrometers.
The Fabry-Perot spectrometer usually consists of two
parallel discs of glass or quartz which have the inner faces
at a constant distance between them over the whole area
to better than 1/100 of the wavelength of visible light.
These flat faces are coated with a special material so that
most of the light incident upon them is reflected and only
a small fraction is transmitted. The transmitted intensity
is given by the so-called "Airy Formula"; and by cutting
a circular hole in the screen, some wavelengths can be
selected for transmission whereas all the others are
rejected. These dispersing elements have the disadvantage
of having a small spectral range and consequent overlapping
of orders. Fabry-Perots are constructed in such a way that
they become very useful for the study of extended faint
sources,
A way of detection is conventional photography which
has the multiplex advantage (all spectral ranges simultanedusly),

but the low quantum efficiency, low photon storage, low



dynamic range and non-linearity are its main disadvantages.
Another way of detection is photoelectrically. The

advantage of this technique is that the response is linear

over a large range of intensity and therefore absolute

intensities may be derived more easily than from photo-

N,
A

graphic recording.

Electfonic imaging devices have been developed recently
and have become an efficient way of detection. They combine
some of the best features of conventional photography and
photoelectric photometry. The electronic imaging devices
- integrate simultaneously the input information at each
point in a two dimensional field of view.

However as in photoelectric photometry, the recorded
signal can be linear with respect to the total input photon
flux. The most important advantage of electronic imaging
devices over conventional photography is due to the very
high efficiency with which photoemissive surfaces or
photoconductive material emit electrons when irradiated
with photons. They can be used with film recording and
two primary methods are used to produce the image:
iy electronography in which high-energy electrons from
the photocathode cause the blanketing of the grains directly;
and ii) the use of a phosphor screen intensifier to convert
the electron energy into visible light, which is then recorded
on ordinary, light sensitive photographic film.

The electronic imaging devices can also be used with
television readout image tubes. These differ from other
types of image tubes and conventional photography because

their output is an electrical signal, which can be processed



directly to provide quantitative measurements of intensity,
spectral distribution etc. whereas film records must be
scanned with a densitometer in order to transform the
information into quantitative form. An additional
advantage of television technique is that of remote
readout. But the total information content in a television
frame is generally much less than can be obtained in a
similar frame using high resolution electronographic
techniques (Carruthers 1971; Livingston 1973).

When this project started, there was only one way
(to us) available for obtaining stellar spectra, conventional
photoelectric spectrometry. But when spectral elements are
not observed simultaneously, scintillation becomes an
important source of noise. Different researchers have
tried to face this problem and they developed specially
designed spectrometers.

One way to compensate scintillation is the use of
multichannel spectrometers. The idea is to measure the
light of a reference beam as well. Guerin (1959) mouitofed
the output of a photomultiplier located behind a slot with
that from a sécond photocell which measures the white light
reflected off the quartz-prizm face.

Dobronravin and Nikonov (1955) have used a thin
uncoated glass-—plate located behind the camera lens to
divert a smallportion of the dispersed but unfocused
radiation to the monitoring photomultiplier.

Geake and Wilcock (1956) have used a flint glass prism
that reflects a portion of the white light into the

monitoring photocell.



Tull (Code & Liller 1962) at the University of
Michigan used a chopping mirror behind the entrance slot
allowing the light to enter the scanner Ffor one third of
the time. During the next third of a cycle light passes
undispersed via a second optical system onto the cathode of
a single pﬁotomultiplier. For the last third of the cycle
no radiation reaches the photocell. These signals are then
fed into an a.c. amplifier which produces the ratio of the
intensities.of the two signals.

Grainger & Ring (1963) have used a small plane mirror
intercepting a small area of the undispersed collimated beam
in order to produce a reference beam and provide compensation
for scintillation. The current from the main multiplier
through an identical channel was fed to a second recorder
whereas the other recorder was receiving the signal from
~ the undispersed light.

A two channel spectrometer has been developed by M.J.
Smyth and the author in Edinburgh University. The problem
of scintillation was faced with a commercial ratiometer, used
for the first time in astronomy as far as is known. A glass
splitter was used to provide a reference beam of undispersed
light. A grating was the dispersion element and the novelty
Oof the scamner is that the two signals from the two photo-
multipliers (monochromatic and undispersed light) were
ratioed by a commercial d.c. ratiometer (Brookdeal) and the
output was fed to a pen recorder. Thus the ratio % of the
two signals was recorded.

Rapid scanners have also been used to avoid scintill-
ation. These scanners have been designed so that each scan

of the spectrum takes a short period of time and many such

6



scans are summed until the desired signal/noise ratio is
achieved. By.rapid scanning the effects of seeing and
variable haze are almost eliminated (Walker 1976; Haupt
et al. 1976).

The description and performance of the ratiometric
spectrumuécanner is given in Chapter II, followed by a
"brief description of the S2/68 experiment installed in
the ESRO —;TD 1A satelitte.

The oﬁserved stars were chosen on the basis of their
spectral type. All of them are 0, B and early A spectral
type stars that are the main members of the family of
early type stars. The early type stars are important
astronomical objects and have been studied extensively in
recent years. They are relatively few in number and few of
them are apparently bright. Their distribution is not
uniform and they are mainly detected very close to the
galactic plane where interstellar gas and dust are
concentrated., In their spectra a few lines are strong
and the remainder are very shallow and weak. They are
also convenient objects to treat model atmospheres because
convection is not important.

The spectra of O and B stars show a large number of
metallic 1lines in the ultraviolet range of the spectrum,
that is between the Lyman limit and approximately 2000 2.
In the spectra of A type stars the Balmer lines reach their
maximum strength'and at the same time the major part of fhe
radiation emérges in the region where these lines overlap
and coalesce into the Balmer continuum. A large fraction

-of the radiation is affected by the presence of these lines.



It has been suggested that all these lines have an
influence on the observed luminosity effect.

In chapter III the list of the observed stars is
given and in the same chapter the reduction, errors and
comparison with other workers are discussed.

The effect of luminosity by comparing the energy
distribution of stars with the same spectral type but
different luminosity class has been studied and discussed
in chapter 1IV.

Differences between the ultraviolet energy distributions
of early type supergiants and dwarfs of the same spectral
type has been noted earlier (Carruthers 1969; Weber,

Henry & Carfﬁthers 1971; Bless & Savage 1972; Laget 1972).

The appearance of the spectrum in the neighbourhood
of the Balmer Jump (D) is used to define spectral type
and luminosity class (Chalonge & Divan 1952). The para-
meter D is a measure of spectral type (temperature in the
outer layer of the stellar atmosphere) and its positibn A
is a measure of the luminosity (pressure in the outer
layer of the stellar atmospheres). These two parameters
(D, )\) are the basis of two dimensional classification by
Barbier and Chalonge.

It has been shown that shortward of the Balmer Jump
the fluxes of luminous stars become fainter with decreasing
wavelength as compared to the fluxes of the corresponding
less luminous stars. This applies to all specfral types
from BO to BS8.

It has also been found that B-type giants and

supergiants show stronger absorption near 1920 R_than the



corresponding main sequence stars. The 1720 R feature

is present only in giants and supergiants and seems to be
veaker than the 1920 % feature. 1In the visible the
observations allow us to suggest that there is no
luminosity effect or it is not strong enough compared

to that in the ultraviolet part of the spectra.

The magnitude difference (Awy)) for pairs of main
sequence stars and pairs of supergiant stars has been
plotted for different wavelengths. The slopes of the
curves for the main sequence pairs are approximately the
same as for the corresponding supergiant pairs. In other
wvords the decrements in effective temperature in passing
from B1 through B3 and B5 are similar for main sequence
and supergiant stars.

The luminosity effect is described and discussed in
chapter IV. It is examined how gravity, multiplicity,
departures from LTE, convection, rotation, opacity and
blanketing could influence the continuum and how the
observed deficiencies for early type supergiants and
giants in their fluxes with respect to main sequence
stars could be caused by one or a combination of these
effects.

In chapter V, a temperature scale for early type stars
in the spectral range from 09 to A3 has been established
from comparison of the observed stellar spectra with
theoretical spectra. The ATLAS computer program
(Kurucz 1970) has been used to provide the necessary
synthetic spectra (Kurucz,Peytremann & Avrett 1974, and
Kurucz 1976, private communication). The models used here

range in temperature from 5500K to 50 O0OK and in log g
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from 0.5 to 5. The line opacity was included in the form
of distribution functions based on a list of 1 700 000
lines. No models have been used so far with such an
enormous list of lines for the treatment of blanketing.
Solar abundances and microturbulent velocity of 2 km/sec
have been assumed.

The éynthetic spectra have been superimposed on the
observed spectra, corrected for the interstellar extinction,
in order to derive the temperature scale.

For the very hot stars the visible portion of the
spectrum lies on the long wavelength side of the Planck
maximum and so the relative energy distribution is
essentially independent of effective temperature. The
derived temperatures for 0O type stars are much lower than
expected for their spectral type (Stecher 1970;

Boksenberg et al. 1973)s

For B and A stars effeétive temperatures were
found to be in very good agreement with previous workers
(Hanbury Browm et al. 1967; Morton et al. 1968; Hyland
1969; Henize 1969; Schild et al. 1971; Nandy et al. 1975;
Code et al. 1976; Lesh 1976).

Finally it has been found that supergiants afe
‘cooler than the main sequence stars of the same spectral

type and become hotter near B9.

10



T INSTRUMENTS

IT 1. PHOTOELECTRIC SPECTRUM SCANNER

a) Description and specifications.

When spectral elements are not observed simultaneously
scintillat%Pn becomes an important source of noise. For
this reasonlastronomical spectrometers must be provided
with some méans of compensating such variations. A
technique applied for elimination of source variations is
the use of compensating spectrometers and the idea is to
measure the light of a reference beam (Dobronravin et al.

——

1955; Geake et al. 1956; Guerin et al.1959; Meinel et al.
1959;Grainger et al.1963).

The spectrum scanner described here is a two channel
photoelectric spectrometer developed in Edinburgh University
(Smyth & Kontizas). For the elimination of stellar
scintillation, changes in atmospheric transparency and
guiding errors, a commercial d.c. ratiometer (by Brookdeal)
was used for the first time in astronomy and gave very
good results as is shown below.

The main part of the scanner is a "SPEX".Minimate mono-
chromator with a digital read-out wavelength in nm. A
glass splitter was used to provide a reference beam of
undispersed light. The dispersing element (grating)
rotates with a synchronous motor-drive in order to provide
successive monochromatic light beams for channel A (Pig. 1 )s

The motor has interchangeable gears to provide speeds of

125, 250, 500, 1000, 2000, 4000 8/min. The two available

11
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Schematic diagram of the
spectrum scanner.

Fig. 7.



gratings (1200, 600 grooves/mm) are blazed at 5000 R and
10 000 R respectively.

| The two signals, main beam (A) and reference beam
(B) through two identical d.c. amplifiers are led to the
ratiometer that produces their ratio R = A/B in a pen
recorder.

R is equal to: .

.- IS*I)A;\
Re 3' ‘
Z S) I}A}

where S,, Shfare the sensitivities of the A and B channel

respectively, (\.—\1 ) is equal to the resolution of the
scanner and (d-c) are the limits of the wavelength range
response of the B photomultiplier.

The interior of the "SPEX" Minimate monochromator,
the spectrum scanner on the Newall refractor and the
electronics used are shown on Figs. 2, 3 and 4.

The main channel tube (which receives the monochromatic
beam) is an EMI photomultiplier type 9558B with a 44 mm
cathode and 11 venetian blind dynodes having stable
secondary emitting surfaces. The cathode is of S-20
(trialkali) type which provides very high quantum efficiency
in the blue as well as extremely good response in the red
extending out to approximately 8500 2. The wide range
response, its very low dark current and a gain of 2 x 106
make this photomultiplier very useful. This type can be
cooled to -180°C but thermionic emission can be reduced
to negligible proportions at -40°C. The normalized

response curve of this photomultiplier is illustrated in

13



Fig. 2 The interior of the "SPEX" Minimate monochromator.
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Fig. 3. The spectrum scanner on the Newall refractor.
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Fig. 4
e g The 1
electronics used with the spect
rum scanner.,
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Fig. 5, showing that it is very useful for the wavelength
. range 4000 & to 8500 R.

The undispersed light goes to an EMI 9781 A photo-
multiplier with S.5 response. Its dark current reaches
~0.1wA at dome temperature. The normalised response of
this photomultiplier is illustrated in Fig. 6 and it
extends from 4000 & to 6000 R.

The main photomultiplier is cooled by a temperature
regulated chamber (by Products for Research Inc., TE-104 TS)
that has been designed to cover completely the tube during its
operation. This unique design is arranged to allow quick
interchahge of tubes in a few minutes.

Operation is completely automatic., A mu-metal shield,
operating at cathode potential, provides the optimum in
electrostatic/magnetic shielding for the tube while the
hermetically closed inner chamber prevents the tube or
chamber from becoming frosted. There is a double plane
insulating window which remains completely dew free and
ensures a clear light signal path to the photocathode
at all times.

The thermoelectric heat exchanger is cooled vefy
easily using tap water. Table 1 gives the measured cooling

speed of the main photomultiplier and the dark current at

each temperature.
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TABLE 1

Time (min) " Temperature (°C) Dark curr (nA)-
0 : + 20 3.200
20 \ + 00 0.180
35 - 10 ~ 0.050
60 \ - 16 0.025
100 ~ 20 0.020

The Brookdeal 9547 ratiometer which receives the signal
from the two photomultipliers gives ratiometric measure-
ments; it compensates the source fluctuations automatically;
and it can be used also as an automatic gain control d.c.
amplifier. A front panel meter indicates either the out-
put voltage or % ratio. Offset voltageslin the source may
be measured and suppressed by the front panel control.
When the ratiometer is used as a low frequency d.c.
amplifier it gives gains of 10 or 100.

The two photomultipliers deliver their signals (from
now on called A and B channels for the main and the
compensating bne respectively) to the ratiometer with the
following input levels as given by Brookdeal:

High ratio mode A 10V B : 0.1V to 10V

v B : 0.01 to 1V

I+ 1+

Low ratio mode A
The linearity of the A channel is 0.05% and the output
ratio (A/B) is + 10V for + 100%. By a rear panel switch

the instrument can alternatively give é—%—l@

The use of a small fraction of light abstracted behind

19
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the entrance slit, to provide a reference beam, lowvers the
faint limit of star magnitudes which can be observed with
the scanner. So a d.c. amplifier has been made at Edinburgh
University (Smyth & Kontizas 1978) in order to increase
the efficiency of the scamner. This amplifier consists
actually of two identical d.c. amplifiers (their schematic
diagram is illustrated in Fig. 7) to receive the signals
from the two photomultipliers. The proPerties desired for
a good amplifier are the following: 1) very stable gain

2) low output drift after warm-up 3) 10& noise 4) stable
calibration 5) wide range of gain 6) variety of output
time constants and 7) short warm-up time.

Each amplifier has a stable gain of 108 V/Amp. The
integration circuit used is a FET-OPA and some of its
operational data given by the manufacturer are: the max
input voltage (either input) with respect to zero reference
level 15V, the operating temperature range O - 70°C, the
output short-circuit duration indefinite, and the minimum
load 1k.

The limiting magnitude that can be observed without
this d.c. amplifier is 5.0 - 6.0 mag. using the 0.5m
reflector of Edinburgh University and this can be improved
up to 9 mag..interconnecting the d.c. amplifier between
the output of the photomultipliers and the input of the
ratiometer. This proves the usefulness of the new
amplifier.

In Table 2, the A output and B output of the d.c.
amplifier for a given input are listed and were tested

by Smyth and Kontizas. It is obvious that there is not

20
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TABLE 2

Ve (Volt) Aout (Volt) Bout (Volt)
- 5.00 + 5. 06 + 4. 96
- 4.00 +4.05 +3.97
- 3.00 +3.03 +2.98
- 2.00 +2.03 + 2.00
- 1.00 +1.01 +1.00
- 0. 50 + 0. 51 + 0. 50
- 0.00 + 0. 00 +0.00

The described spectrometer is a low dispersion ~ 36 E/mm
(grating 1200 groovés/mm) and its spectral resolution for the

different exit apertures is given in table 3.

TABLE 3
RESOLUTION
slit grating - grating
1200 grooves/mm 600 grooves/mm

0.25 mm 9 K 18 &
0. 50 mm 18 & 36 &
1.25 mm 45 K 90 £
2. 50 mm 90 & 180 &

(8]
5.00 mm 180 & 360 A

A typical set of parameters using the 1200 grooves/mm grating are

Entrance slit: 1.25 mm

Integration time: 0.24 sec/ﬁ

Chart speed: 30 mm/min

Time constant: 1 sec

For faint stars a time constant of 2 sec has been used to

smooth the noise.
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any significant change of the ratio A/B using the d.c.
amplifier. The spectral purity (resolved spectral element)

is

Ay = cosoc
feol?™

where W ig\the width of the entrance slit,a- is the

incidence angle, f£_,,, is the focal length of the collimator,

d is the ruling spacing of the grating, and n the order of

the spectrum. This is an important relation because it

ties together the grating parameters d and n with the

scanner parameters W and f For cosa =1, n =1,

coll’
the spectral purity of the prescribed scamner is 46 2.

A very simple way of describing the overall performance
of a detection system is to give the noise equivalent
quantum efficiency. If the detection system yields a
signal with 'noise' (standard deviation of the unwanted
fluctuations of the signal), and with signal/noise ratio
R, then this is equivalent to the ideal detection of
R? photons, and if the number of photons actually received
during the measurement is N, the noise-equivalent quantum -
efficiency is €= RE/N. For this scanner it has been

estimated that & is~ 8.10"2

2t )= 5550 K.

Measurements of the instrumental profile tell us
how much degradation occurs and allow the reconstruction
of the original spectrum prior to distortion. Suppose
we have a light source giving an infinitely narrow
spectral emission line and such a line can be denoted by

3 () -2o)s The measured spectrum with an instrument Ffor

S(A -)9) source is the instrumental profile (also called

23
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Fig. 8. Instrumental profile of the scanner working as a

two-channel photometer for the Hg emission line

2A=5461 R (normalized to unit peak height).
Exit slit 0. 25 mm.

24 . we \ >



the delta function response). The instrumental profile of
the scanner working as a two channel photometer, for the

Hg emission line ) = 5461 R is shown in Fig. 8. The half
width at half height of this profile is A15.6 & (normalized

to unit peak height), with exit slit 0.25 mm.

b) Scientific mission and pefformance.

The described spectrum scanner can be used for narrow
band photometry pass-band up to 360 R or wide band
spectrophotometry up to 9 2 spectral resolution as a single
or two-channel spectrometer for the spectral range 3500 2
to 8000 & (using a GC495(V) filter for }Y6500 & to cut the
second order blue spectrum). This scanner provides
information about the stellar continuum and spectral lines.
As a by-product, flux variation, atmospheric extinction,
interstellar extinction, slope of the continuum, Balmer
Jump, chemical abundances, and much other information about
the stellar structure can be studied. The ratiometer
arrangemenf has proved its value (Smyth & Xontizas 1978,
in preparation) on nights of doubtful transparency and on a
telescope with poor guiding facilities.. It does not compensate
for errors due to atmospheric dispersion, but such errors
are insignificant at low resolution and small zenith
distances. It has the advantage that, since the monochromatic
beam of each scan is ratioed to a non-dispersed light beam
which is in effect a broadband measurement of the starlight,
the ratio of the spectra of two stars may be obtained
provided only that their broadband magnitudes are known.
Thus, if the spectral energy distribution of one star is
known in absolute units, that of the second is immediately

obtained.
25
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Fig. 9. Tracing taken with the spectrum scanner working

as a single and as a two-channel photometer to

show the effect of ratiometer in reducing scintillation

and changes in sky transparency. Observed star
aPer at = 4000 R. Used time constant

0.5 sec. :
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Fig. 10.

1 Hp ,
4600 4300

XA

The spectrum of 3 Per (B9V) observed with the
scanner working as a single-channel and two-
channel spectrometer. Dj_  deflection in an
arbitrary linear scale with different zero points.
The arrow indicates the distortion of the spectrum
from atmospheric disturbances when the scanner
is used as a single-channel spectrometer.
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11. Hp line profile of the APer (B9V) observed with

the scanner (two-channel photometer) on the same
night. The two channels were used to show the
output stability of the scanner. Resolution ~18 A.
D>  deflection in arbitrary linear scale with '
different zero points for the cases 1, 2, 3, 4.
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Spectra of atAql (A7V) observed with the scanner (two-
channel photometer) on different nights and therefore
in different atmospheric conditions to show the
consistency of the ratioed measurements. The
deflection D) is in an arbitrary linear scale and

with different zero points for the cases 1 and 2.
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The performance of the scanner has been proved

using spectra taken with it. The distortion due to
" noise and seeing can be minimised with the use of the
ratiometer. This is shown in Figs 9 and 10. Fig 9
illustrates tracings taken with the scanner working either
as a single-channel or as a two-channel photometer. The
decrease in scintillation noise is obvious when the
ratiometer is introduced. Another example is illustrated
in Fig. 10 where the spectrum of )Per (B9V) was taken by
the scanner working as a single~channel and a two-channel
photometer respectiveiy. The arrow indicates the
distortion of the spectrum by atmospheric disturbances
when the scanner is used as a single-channel photometer
(resolution ~18 8). The stability of the scanner is
illustrated in Fig. 11, whére the H? line profile of the

x Per (B9v) is taken at different times on the same night
(resolution ~18 %). The consistency of the ratioed |
measurements can be shown in Fig. 12 which illustrates
spectra of oAql (A7V) observed on different nights and
therefore in different atmospheric conditions. The
spectrometer has proved its good performance during the
appearance of Nova Cygni 1975, when ratiometric photo-
electric spectra of the Nova were taken on 1975 August 31
and September 2,3. alyr was used as a reference star
and its absolute spectral energy distribution was used
to reduce the spectrdphotometry of the Nova to absolute
units. On the first night, close to maximum 1light, the
spectrum is relatively featureless, showing broad, weak

Balmer lines in emission with violet-shifted absorption
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Fig. 13. Spectra of Nova Cygni 1975, relative to the smoothed
continuum of a Lyr, on three nights.
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components, the characteristic P Cygni profiles. On the
two later nights the continuum is progressively weaker,
but He, HP' Hg and the NaI D-lines show strong P Cygni
profiles, and broad blended lines of FeII and|0I] appear.
These are illustrated in Fig. 13. Emission strengths of
Hx, Hp, Hy (in WCm_Q) were compared with theory, and
found to deviate less than had been reported for an

earlier Nova (Kontizas,Kontizas & Smyth 1976).

c) Operational instructions.

Before starting observations with the scanner it is
wise to check the optical.aligﬁment. When wide entrance
and exit holes are used, small vertical misalignment is
not very important.

The wavelength scale is affected by lateral mis-
alignment, which can be eliminated by caiibrating the
wavelength scale with a standard source every night.

In the eyépiece assembly there is a 45° viewing
mirror which reflects the light of the star into the
square of the crosswires. This also needs checking for
alignment but not very often.

The light beam partially reflected by the micro-
cover glass behind the entrance hole must fall into the
reference photomultiplier, whereas the transmitted beam
analysed by the grating should be focused on the main
photomultiplier. These two alignments are very important.

The "Spex" Minimate monochromator is not light-tight
so the setting up has to be in the dome illuminated as

little as possible. The polarity of high voltage power
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supply must be negative (=). It is advised not to start
the observations before the temperature of the main photo-
multiplier into the refrigerated chamber goes down to
~-15°,

The sky background is compensated in the initial
setting-uﬁ by setting on sky near the program star and
then zeroing the output for each channel independently
isolating one at a time. If it is not possible to zero
both channels, then either the dark current is very high
or the sky background is abnormally high. In that case
the scanner cannot be used as a two channel spectrometer.
After eliminating the dark current and sky background the
star is moved into the crosswire square allowing the light
to reach the two photomultipliers. At first, the High
Input button is pressed and if the B LOW indicator lights
then clouds are passing or the star is too faint. The
latter may be corrected by pressing the LOW Input button,
but if the B LOW indicator is still on, the star cannot
be observed. The B overload indicator shows that the
star is too bright (B<<1?5) and it is necessary to
reduce the photomultiplier voltage, or to insert a neutral
filter.

If the scanner cannot be used in the ratio mode it
is possible to be used in single channel mode by pressing -
DC AMPLIFIER (A x 10) or possibly DC AMPLIFIER A x 100
for faint stars.

For %\ 6500 R the second order spectrum appears when -
the 1200 1/mm grating is used. Therefore a GG495 filter

(V £ilter) available is inserted in order to extend the
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wavelength range towards the red end. The interchangeable
600 1/mm grating halves the dispersion. It is blazed for
1000mm and so is more efficient for the red area and

" less affected by second order.

Although no drift has been noticed of the wavelength
scale there is a Hg lamp in the eyepiece assembly which
"permits us to check the wavelength scale, using Hg lines.

The schematic circuit diagram for the mercury lamp is used
for the wavelength calibration is showvm in Fig. 14.

Since the output from both channels includes a component
from the sky any reasonable change in the sky background
produces an error that is smaller than the error introduced
when the scanner is working as a single channel photometer.

If in a single channel photcméter S(star), B(background),
D(dark current) are pulses fer second then éxposure of
+t seconds on star+sky gives signal % (S + B + D)t and the
r.m.S. noise is {% (S + B + D)f} %. Exposure of It seconds
on sky gives signal 7 (B + D)t and r.m.s. noise {% (B + D)E} 2
Thus difference signal %St gives r.m.s. noise % (S + 2B + 2D)t Tl g
(Smyth 1973).

In the case of the described spectrum scanner it has
been assumed the detected photons are integrated with equal
D

B D, are

4 PpriSps Bps Dy
the signals from the star, background and dark current for

statistical weights (W = 1) and S,v B

channels A and B respectively. For these two channels the

\

difference signals SA and Sy give r.m.s. noise

o':G—A +GB
BT S48
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where Ty is smaller or of the same order of oOp ,

Sy >>-SA, and so for stars V £ 7.5 (observed for this

project) o« Sy SO Op< on -

15062

i/

3352 $

-1

+ 24V -

Fig. 14. Schematic circuit diagram of the
Hg lamp for the wavelength calibration.
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II 2 THE ULTRAVIOLET SKY SURVEY TELESCOPE
IN THE TD-1A SATELLITE

The $2/68 Experiment originated from a proposal by
Dr. H.E. Butler at the Royal Observatory Edinburgh (ROE)
in 1961. The satellite was launched from Western Test
Range Cali}ornia at 01 55hr G.M.T. 1972 March 12 and it
is described by Boksenberg et al. (1973). The orbit of
TD-1A is approximately circular in shape, of 550 km
height and period 95.5min, and inclined at 97955 to the
Earth's equator, to produce a precession of 3600yr_1.

The satellite was stabilised in three axes; one of
them points to the centre of the Sun and the pérpendicular
axes roll about the Earth-Sun line once each orbit. The
optical axis of the telescope was aligned to one of the
three axes with the direction of view pointing away from
the Earth. As a consequencé of the Earth's motion around
the Sun, the celestial sphere was scanned along ecliptic
meridians, each displaced by 4 arc min; and complete sky
coverage was achieved in 6 months.

It carried in addition to other experiments, a 27cm
ultraviolet telescope which gave low dispersion spectra
over the wavelength range 1350-2550 2 and a broad band
measurement centred at 2740 R.

The instrument calibrations were carried out at the
Royal Observatory Edinburgh and the Institute of

Astrophysics of Liége, independently.
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ITT OBSERVATIONS

IIT 1. OBSERVED STARS

A temperature scale for early type stars has been
derived éhd the luminosity effect has been studied from
spectra iﬂ the visible and ultraviolet for stars which are
listed in Table 4. 36 stars were observed by Nandy with a
low resolukion single channel photoelectric spectrum scanner
attached to the 100cm. Cassegrain reflector at Kavalur
Observatory of India Institute of Astrophysics on 2/3,

3/4, 6/7, 8/9, 9/10, 10/11 of February 1975. 21 stars

wvere observed by the author with the two channel spectrum
scanner (Smyth & Kontizas, 1978) attached to the 64cm.
(Newall 1896) refractor at the Penteli station near Athens
on 1975 August 26 - 29 and to the 120cm. reflector at
Kryonerion Observatory (Contopoulos et al. 1976) Greece on
1976 July 26 - 29, Ultraviolet data were kindly provided

by the Edinburgh TD-1 team, at the beginning of this project
and have now been published (Jamar et al. 1976).

In Table 4 all the stars observed in the visible and
ultraviolet are listed. Column 1 gives the running number,
column 2 gives the HD number of the stars and column 3
their names. In columns 4,5 and 6, the visual magnitudes,
the B-V colour indices and the spectral types of the stars
are given. Finally the last column refers to the sources
from where the data were taken. (N refers to Nandy's
observations, K to Kontizas' observations).

The observed stars were chosen to have spectral type O,

B and early A.
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TABLE U
OBSERVED STARS

H.D BB s 5 x5 SN ST S B - Sp.Type = . Remar
1 886 Y Peg 2.83 -0.23 B2IV K= B
2 3360, T Cas- 8./64 -0.20 B2V K~ B
3 15318 E2Cet 4,27 ~0..05 BOTIII N- T
} 18326 \ - 708 +0.38 08V N- I
5 23180 o Per 3.82 +0.06 BI:III © K- KR
6 24398 ! C Per 2.83 +0.13 B1lIb K- KR
7 24431 - 678 +0.37 09V N-I
8 24760 € Per 2.88 -0.17 B0O.5V 1 R |
9 30614 o Cam L.38 +0.02 09.5Ia N=-I
10 31327 - 6.06 +0.41 B2Ia N-TI
11 32249 ¢ Eri 4,80 -0.20 B2V N-T
12 33988 - 6.88 +0.25 B2V N = E
13 34085 B Ori 0.08 -0.03 B8Ia N-T
14 - 35468 Yy Ori 1.63 -0.23 B2III N=1
15 36371, x Aur 4.75 +0.30 B5Ia N=E
16 36512 v Ori 4.60 -0.26 BOV N=-1
17 36879 - 7.58 +0.20 06V N= T
18 37128 e Ori 1.70 -0.19 BOIa N~
19 37209 - 5.70 -0.23 B1V -
20 38771 w Ori 2.04 -0.18 B0Ia Ne="1
21 40111 139Tau 4,82 -0.08 B1lIb - et
22 40589 -~ 6.05 +0.25 B9Ia N-I
23 42087 -+ 3 Gem 5.76 +0.20 B2.5Ia Ni=
24 43384 9 Gem 6.28 +0. i} B3Ia N-I
25 45910 = 6.77 +0.33  B2III N-1I
26 he1kg - 7.58 +0.17 08V N~— I
27 47240 = 6.15 +0.15 B1Ib M=k
28 47839 15 Mon b.66 -0.25 07III N-1
29 51283 = 5.28 -0.19 B3IL/I11T =
30 52089 e CMa 1.50 -0.22 B2II -
31 52382 -~ 6.48 +0.20 B2.5Ia N-1I
32 531338 o?CMa 3.05 -0.08 B3Ia -
33 53367 - 6.97 +0. 43 BOIV N-1I
34 54668 - 621 +0.03 06V NI
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Cont. (Table 4)

H.D Name v B-V Sp.Type Remarks
35 58131 - 7,37 +0.34 B2V N I
36 58350 ncMa 2.47 +0.06 B51a N I
37 64760 = 4.23  -0.15  B1Ib o
38 66811 CPup 2.25 ~0.28 o5v.. = N I
39 75821" - 5.10 ~0.21 BOIII = =
40 77581 - 6.88 +0.56 BOIa N I
41 79186 ' - 5.00 +0.20 B3Ia N I
42 87734 f nLeo 3.55 -0.02 AOIa N I
43 87901 aLeo 8.14 -0.11 B7V N I
44 91316 pLeo 3.85 -0.14 B1Ib N I
45 94367 - 5.28 +0.15 AOIa - -
46 102647 B Leo 2.12 +0.09 A3V N I
47 120315 nUMa 1.86 -0.20 B3V - -
48 122451 B Cem 0.61 -0.22 B1II - -
49 132200 % Cem 3.12 ~0.22 B2V - -
50 149438 T Sco 2.83 ~0.24 BOV N I
51 152614 { Oph 4.37  -0.09 B8V K KR
52 155763 C Dra 3.17 -0.11 B7III K KR
53 1€0762 i Her 3.80 -0.17 B3IV K KR
54 161868 y Oph 3.76 +0.04 A0V - -
55 164353 67 Oph 3.97 +0.02 B5Ib K KR
56 175191 . 6 Sgr 2.10 -0.21 B2V - -
57 176137 Y Lyr 3.23 ~0.04 BYIII K KR
58 182255 3 Vil 5.18 <0.12- BEIII K KR
59 186882 & Cyg 2.92 -0.03  B9III K P
60 188209 - 5.63 -0.07 09.5I/III K KR
61 188260 13Vul 4.57 -0.06 BYIII K KR
62 195810 e Del 4.04 =0.12 B6III K KR
63 197345 a Cyg 1.26 +0.09 A2Ia K KR
64 205021 B Cep 3.18 ~0.25 B2III K P
65 209952 a Cru .73 -0.13 B5V - -
66 213998 n Agr 4.02 -0.09 B8V - -
67 214993 12 Liag 5.22 -0.12 B2III K KR
68 215789 € Cru 3.48 +0.08 A2V -~
69 218045 a Peg 2.49 -0.05 B9V K P
70 218376 1Cas 4.88 -0.02 BOIII K KR
71 2231493 iAnd 4.28 ~0.10 B8V K KR
72 . 224572 6Cas - 4.88 -0.06 B1V K KR

Remarks:N(Nandy),K(Kontizas),

* I(India station) ,P(Pendeli station,Greece]KR(Kryonerion station
Greece)
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For the observations in the visible a reference star
was observed a number of times during each night in order
to derive the atmospheric extinction and sensitivity of the
system. The reference stars were KOri (Nandy) and doLyr
(Xontizas). |

A complete scan of the spectrum for a star takes
almost 15 minutes in both scanners.

The Nandy observations have been taken in the range
of 3400 & to 5000 ! from the second order spectrum and
in the range 4500 R to 6000 & from the first order with
a 50 & bandwidth centred on 15 wavelengths.

The observations carried out with the Newall refractor
were taken in the range (6500 to 4150 R) centred on 27 |
wavelengths whereas Kryonerion observations were taken
in the range (5556 8 to 3600 2) centred on 13 wavelengths
with a ~48 R béndwidth in both cases. The data are
listed in Appendix I and II.

The ultraviolet data were taken with a spectrometer
covering the spectral range 2550 - 1350 2 sampling at
20 & intervals with a spectral resolution of 35 % and a
single channel photometer that gave a broad band measure

-ment centred at 2740 R (Boksenberg et al. 1973).
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11T 2. REDUCTIONS AND PHOTOMETRIC ERRORS

a) Reductions

The data obtained with the two channel spectrum
scanner have been reduced in the following way:
If D) represents the deflection, for a particular
wavelength ) , on the chart recorder, then the star

intensity Iy can be measured in terms of D (chapter II, 1)-.
A A P

I ’
D o JONBR (1)
IP)«I“‘J)‘

where T , P s represent the sensitivities of the two

channels. If Dy is the deflection for an observed star then

the deflection Dy Ffor the reference star is:
Bo "C).T.;

f I:’,\T‘:\Cl A

The reference star is observed a short time before or after

(2)

the program star.
The normalised magnitudes, corrected for atmospheric

extinction will be respectively:

Wy~ = _95loqTssseX) 4 A+B{ )N 2 0.5556 )Sec.z
A—WA555¢6 = %tl Deese ( (3)

(ml\_mggsg)ﬂ L5 Qo%'ﬁiié—bi— +ALS (N4 055567) sec2”
T Dssse (4)

where A and B are the coefficients of atmospheric extinction.

Subtracting (3) from (4) we get:

, /

Wiy W = (W, -w ~2.5logDr 425 ko ?’* +

( ,\ s"sss) ( yMecoe 313:5“5 3 S (5)
+ B (Xt{).SS”.S"G—‘F)/(Seczﬂbﬁﬁ-?—!)
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where*ng‘is knéwn from the literature and Dy, , Dy, B,
D, z' are measured.

The reductions of data obtained with the single
channel spectrometer followed the same way.

I 2 i; is the intensity of the incident beam at the
wavelengtﬁ,) , of a program star, and D) the deflection

measured on the chart recorder then:

I, =0y D where Oy 1s the sensitivity of
A A YA A b
the system

For the reference star it is
I o i

Therefore the normalised magnitudes (55556 ﬁ) corrected for

interstellar extinction will be respectively:

(wax- mys-gg,)——?.‘iﬂo%gi‘—?-‘-‘-—-—- + AR (X 4 0.5556 ") secz. (1)
Css56 Vssse

( Mwmssse) =~2§ bgMA___m% (x4-05556 MY ect
Orsso Dssse

(2)

and finally,

My-Wssse = (Wy-m .35"36) -2 5‘1.03 DA 495 {_QSDJ\ r B(g“ 05556 ) (secr--bCC-Z- /)
Dssse

where mA' is known from the literature and Dy » p; 3

!
B, z, z° are measured.
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A calibration curve (Fig. 15) has been produced for
the single channel spectrum scanner (Nandy observations).

The starsused for this purpose are listed in Table 5.

TABLE 5

HD v Sp. Type
35468 1.63 B2 IIT
37128 1.70 BO I
15318 4,27 B9 III
34085 0.08 B8 I

For these stars the absolute magnitude m, at different
vavelengths was known from Schild, Peterson and Oke (1971).

So for these stars My = Mgoses (known from the literature)

and the values:

2.51og DA/DSSSG + B( )4 - 0.5556_4)secz
derived from the observations are plotted in the same
diagram.

Each set of data has been divided into two parts,
before and after the Balmer Jump. The data near the Balmer
Jump have been ignored to avoid errors in this region. The
difference between these two sets of data for each star

at a certain wavelength A is:

"‘q =4 = - o
("Vl = 5'5-5-5) -2 .TEOSD DYSSG-*B() -0.555% )5 ecz= k-,\-- 25 -(-03 —A
Osss6

The best fit¥f curve at these points derived from the
stars of Table 5 is the required calibration curve
*Computer-fitted
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(Fig. 15). Assuming that Dy is known for a star from
our observations, the normalised ( \ = 55556 2) magnitude

can be found from the relation:

D -4 -4\ |
WMy-mssse =-25Log D.:SS‘G* byt B (ax“-os556 )secz

where k,‘\is the ordinate of the calibration curve at this
wavelengtﬁl

Both methods have been applied for the reductions and
the results have shown a very good agreement.

It is very well known that photometric data have
to be corrected for atmospheric extinction because the
1ight coming from the stars suffers an appreciable reddening.
It is evident that this phenomenon is wavelength dependent
and the shorter the wavelength the stronger the absorption.
Primary factors whic¢h cause extinction are: |

a) molecular absorption bands (not important in the visible
region),

b) haze, which is fairly non-selective,

c) scattering by molecules which is roughly proportional to A_4.
The process that has been £ollowed.£or calculating the .
atmospheric extinction coefficient has an easy application and
can be used if the brightness of a star is knowvn at different
wavelengths and at differenf values of zenith distance. Let

us suppose that m, and my, are the oﬁserved magnhitudes of

a star at a zenith distance z, for) and )\; wavelength.

Then the observed values are:

1l

2.51og Dy + const
2.510g D + const’

L Y

T

(b)

1l
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where D, Di are the measured deflections.

The values corrected for atmospheric extinction will be

respectively:
: ; ~4
My = -2.51og Di + const +(A + BAL ') secz ©)
c
/ »
mk' =, -2.51og D + const +(A + B\ 4ysecz

where A is, the gray atmospheric extinction coefficient and
B is the monochromatic one. The equations (b) and (c) give:
]
! / = -
(my, - my' Jeor = (myg~ my Jobs + B(M* - A™¥)secz
The values (mhi“ my )Jobs vs., secz for a star have been

plotted and using the least squares method the slope,

BN - = i

of the best fit line for this wavelength has been found.

Finally,

B( \f4 - h;4) = Yi vs. ( Af4 - }f4) has been plotted for
the different wavelengths and the slope of the best fit line
is the B coefficient for that particular night.

This method has been applied each night and the

derived values for this B coefficient are given in Table 6.

TABLE 6
India Greece (Penteli)
Date —B(magﬁhﬁ4) Date -B(mag/pwf4)
1975 Feb 2/3 0.0141 1975 Aug 26/27 0.019
o W g 0.0176 " "o 27/98 . 10.0170
y m e 0.0168 " " 28/29 0.0152
" " 8/9 0.0105 Greece (Kryonerion)
3 " 9/10 0.0158
n " 10/11 0.0097 1976 July Mean 0.0121
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b) Photometric errors and wavelength scale errors.

There are many sources of error during the observations
vhich reduce the accuracy of the data. The main categories

of errors are:

1 Photometric errors

i) Fixed errors.

This kind of error can be due to variations in power
supplies and amplifiers but it is very small for the
sensitivity of the used system. Temperature variations
can also affect the dynode gain or cathode response of
the photomultiplier but this has been eliminated using
the refrigerated chamber which was controlled by a

" thermostat.

ii) Optical errors.

Diffraction, seeing and dispersion are the main
sources of optical error. Diffraction becomes important
for very narrow slits. For the present project the slit
was too wide (~1.25mm.) to introduce errors due to
diffraction.

Seeing is the major problem of all kind of observations.
It has already been discussed in detail how it was tried to
eliminate this problem by using the ratiometer technique
in the described spectrum scanner.

Atmospheric dispersion is insignificant at low

resolution.

iii) Time-dependent errors.
The instrumental drift is one of the time dependent
errors and although it was very small the adjustment of

the zero point before each scan has eliminated it.
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The variation of extinction is another time dependent
source of error. The extinction variations for each night
were suggested to be very small and only . changes from night
to night have been considered. Therefore the mean
atmospheric extinction for each night was used for the
reductiong.

All tie prescribed errors introduce a noise in the
sPectrograﬁs which with the existence of spectral lines
make the determination of the continuum uncertain. The
error in the determination of the continuum has a mean
value 0.2cm for a fairly gcod night and for a star of .
4th magnitude with deflection 12 to 15cm at 4400 2. The

mean error in magnitude scale can be found from the

partial derivatives of the equation:
wmy (V=0) = 2.510303\D>\/s-v0u

S = ;%MA SD %mv y
™My (v=0) 0, %Dv 5D

Sma(V=0) =22 SD" + ngv],._ 0.02magq.
Into

The photometric error in the ultraviolet has been
calculated by Nandy et al. (1976). They found that the
accuracy of data of the broad band measurement at 2740 R
is ipTOQ for stars brighter than V = 570 and it becomes
ip@OS for fainter stars.

For shorter wavelengths where the bands are narrower
and particularly at the extreme ultraviolet end and that

centred at 2190 R where maximum extinction occurs the
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error reaches values as high as ip@2 for the fainter

strongly reddened stars.

2. Internal consistency

In the visible spectral range, the internal consistency
was found to be of the order of the photometric error.
An example is given for the star xOri which was measured
on different nights at ) = 3509 R (Table 7). The standard

error due to the internal consistency was found to be

r~ -.L_OIPOQ.
TABLE 7
Deflection (cm) Date
17 .40 1975 Feb 2/3
17.20 " " 6/7
16.70 " " 6/7
17.00 Com " 8/9
16.90 : " " 9/10
17.30 _ " " 10/11

3. BError in the estimation of the wavelength

The wavelength calibration has been done using a
mercury lamp, with known emission lines. Although no
shift has been noticed in the wavelength scale, the Hg
lamp has been used to calibrate the scanners before and
after the observations each night. The error in the
wavelength scale is less than 45 R as it has been
checked in many cases for both scanners. This introduces

an error of +OTO1.
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TEL 3. COMPARISON WITH OTHER VWORKERS

The flux distribution for some of the program stars
is also knovm from the literature. During the first stages
of this project a number of stars were compared with
Schild et al. (1971) observations. The comparison has
been done w&thout involving the instrumental sensitivity
to avoid an§ possible error introduced by this value.

The instrumental sensitivity was eliminated by using the

differences for two different stars, star (1) and star (2):

(""'A"W‘Sooo)m (““h-MSooo)(z] = -25log DAV +
Vsooo(1y

+25 LO%DE-J_ +B(x*05™) (secz(1) —secz(2) )
Pso002)

The first term of this equation has been plotted
vs. 1/ using Schild's et al. (1971) values, while the
second term was plotted in the same diagram from the
observations presented here (Figs. 16,17,18,19). The
differences of these two sets of data have standard
deviation~s +0%04.

Recently, Breger (1976) has collected a comnsiderable
number of previously published stellar scans. The
cbservations with passbands of 50 R have been transformed
tc the Hayes-Lathan calibration of Vega. Fourteen stars
of the present work are in common with Breger's. The energy

distribution in terms of magnitude found here were compared

with those of Breger for the common stars (HD: 15318, 24398,

51



Am

06

G4

02

Fig.

-
e v
o
© v
S v
-
s
a -} ¥ a ° o =
¥ vV v .
| 1 (Tel l foep i,
2.0 22 .24 28 28
<
54, (p)

Differences of the colour indices for the pair of stars

HD: 15318 HD: 34085.

® Nandy observations (presented here).

52

v Schild, Peterson & Oke (1971)



I I i) I I
Am
e
°
o v
08— o v ¥ —
\ &5
v
Q44— _ i
Q22— o
@
o ® =
®. vy @
v
3 7 p
o}—
'3 ¢ ® . =]
J ‘
I | |
is 20 2.2 Ba ﬁ!ﬁ 2!3
=
7o ()
Fig. 17. Differences of the colour indices for the pair of stars

HD: 34085 HD: 37128. v Schild, Peterson & Oke (1971)
@ Nandy observations. ‘

53



*SuU011BAIdSqO ApuEpN

(IL61) @30 ® uosIaidg ‘PIIYS A

"8Z1LE ‘AH 89%S¢ ‘QH

sJe}s jo ared 8y} 0] SIOTPUT INOTOD 3y} JO SIIUIIJI ‘T "8Id
X
G V3 )
83 23 & 23 81
| | | i !
> a : @
b
— e ®
- ®
A
c = B =
@
|2, 2a a s
- .. :
1 l 1 | L

20

54



49
<0

A

490
46

12—

' 1.0‘—" . .

08—

08—

02—

a4
40
B4

| l l l ) |

<0

v_'1

18 20 22 24 26 23
45 Q™)

Fig. 19, Differences of the colour indices for the pair of stars
HD: 15318 HD: 37128. ¥ Schild, Peterson & Oke (1971)

o Nandy observations.

55



INDIA

A" (um )

1080 3

1.90
2.00
2.10
2.19
2.24
235
2.48
2.80
2.85
2.95

i

\
\

i
i

Am&

0.00
0.03
0.04
0.08

0.06-

0.09
0.10
0.09
0.08
0.12
0.08

Am, denotes

A (R)

1400
1450
1500
1550
1600
1650
1700
1800
1850
1800
1950
2000

TABLE 8

T

1.80
1.84
1.90
1.96
2.06
2.10
2.18
2.26
2.35
2.44
2.78

GREECE
Am)L
0.00
0.03
0.03
0.06
0.04
0.07
0.08
0.09
0.06

0.10

0.09

m, (Kontizas) - m (Breger)

TABLE

9

Mean Ratio of TD1/0A0-2 for 25 stars
(Bohlin et al. 1976)

Ratio

.789
0797
-753
.734
«794
. 907
. 920
. 859
.868
.871
0906
. 948

A (R)

2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2540

Ratio

-978
0984
1 0005
1.011
1.015
1.008
o975
« 965
0951
. 934
- 949



24760, 35468, 37128, 58350, 91315, 102647, 149438,
155763, 160762, 197345, 222173).

The mean of differences between Breger's values
and ours at the observed wavelengths are givén in Table 8,
for the observations taken from India and Greece. These
differences can probably be accounted for by a combination
of photo.metr'ic errors in the two surveys together with
different choices of primary standards.

For the ultraviolet data, a comparison of the TD1
data with 0A0-2 (Code et al. 1972) satellite ultraviolet
data has been done (Bohlin et al. 1976). Averages of
the mean TD1/0A0-2 ratios for 25 stars are given in
Table 9. The r.m.s. was found to be + oT14.

It has been suggested that the differences between
the two sets of data are due to uncertaihties of

calibration (Bohlin et al. 1976).
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LI 4. CORRECTION FOR INTERSTELLAR EXTINCTION

The light reaching the earth from the stars passes
through vast distances in interstellar space. Gas and
dust 1lying between the earth and stars absorb the stellar
light and f%rm interstellar absorption lines in a stellar
spectrum. So the stellar spectra have to be corrected
from interstellar extinction for the study of their own
properties.

It is therefore necessary to give some definitions and
describe how this correction has been done in the present work.

We define the absolute magnitude M()) as the apparent
magnitude of a star in the absence of absorption at a
distance of 10 parsecs. For a given wavelength )\ using
- observational methods we can determine a monochromatic
apparent magnitude my for a étar, related to the absolute
magnitude M()) by the equation:

My = M(a)-5+5 logd+ A(R)
vhere d is the distance of the star in pcs and A()) is the
interstellar extinction in magnitudes.

Colour indices are defined as the difference in stellar
magnitudes between the two wavelengths (m); - myy). The
observed my; — myy colour of a star is then related to the
corresponding intrinsic colour by

(M0 Yops = (i -Wy it +A G -ACHy)
and the colour excesses EAE—Asare defined by

5 e SO
E)«t"‘l,j =(w AL ""M}s:;]o '—(W‘A 3 —W'!A'Q int

Exi-ag= AQD =AGN)
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Measuring monochromatic magnitude differencesbetween a
reddened and an unreddened star of the same spectral type
and in the same galactic region we can find the wavelength
dependence of the extinction in magnitudes. The plot of
such magnitude differences against wave number represents
the effect of interstellar extinction and it is usually
referred as the extinction law or extinction curve.

The first reliable photometric measurement of stars
in the ultraviolet wavelength made by rocket based equipment
(Boggess and Borgman, 1954) gave the opportunity of extending
the extinction law further towards the shorter wavelengths:
Stecher (19656, 1969), Bless, Code & Houk (1958), Bless &
Savage (1972).

From the extensive data available from the sky survey
telescope in the TD1 satellite, Nandy et al. (197%,1976)
have investigated the wavelength dependence of interstellar
extinction in the wavelength range from 2740 R to 1350 &
for differént regions throughout the galactic plane.

The extinction curves derived for these regions have been
extended to visible wavelengths by using available spectro-
photometric data in the visible as well as the UBV data
given by Blanco et al.(1968). These extinction curves do
net show significant variations, although circumstellar
anomalies can occur (Willis & Wilson, 1975). From all
these observations incorporating UBV data, Nandy et al.
(1975) have derived a mean extinction curve in terms of
iocal extinction per unit colour excess.EB_V; the accuracy
of A)/EB_V is estimated to :be ipTQ, the main source of

error being the uncertainty of the adopted value of R, the
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ratio of total to selective extinction.

Johnson (1965, 1968) presented evidence suggesting
that R varies from a value of about 3 in some regions to
values as high as 6 or 7 in other regions.

Becker (1966) treats in detail the two associations,
IIICep and IAra for which Johnson has derived the wvalues
R = 5.4 and 6.6 respectively and concludes that in their
cases there is no reason to assume a value of R larger
than 3. 1In the case of IIICep Garrison (1970) has reached
the same conclusions from a larger material of spectral types.

Schalén (1975) from an investigation in dark Clouds
situated in widely different parts of the stellar system
concludes that R is equal or a little larger than 3.

Turner (1976) has found a weightéd mean value of R
for 51 clusters to be 3.08 + 0.03. His analyses led to a
mean value of R for the galactic plane vhich is of the order
of 3.1. The existence of a larger than average value of
R(3.3) for the region towards the galactic anticentre and
a smaller than average value (3.0) for Cygnus may be real
so that extinction correction for reddened objeéts may
depend on their-direction in space.

Pottasch et al.(1977) in their paper, ultraviolet
observations of planetary nebulae, have reported a value
Of R = 3.2 + 0.7. This value of R lies within the limits
Of the generally accepted value in most regions of the
interstellar medium.

Whittet (1977) has shown that there is evidence for
a small but significant variation in the ratio of total

to selective extinction, R, with galactic longitude. R is
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found to be systematically higher by~0.3 in the Southern
Milky Way than in the North. The ultraviolet observations
combined with the visible data yield a scale of total
extinction A(x)/Eg_y vhich is given in Table 10. The

mean interstellar extinction law is illustrated in Fig. 20
(Nandy et al. 1975c).

The exkinction law for the visible region has been
derived by the author also, from the present photoelectric
spectra of early type stars. Monochromatic magnitude
differences have been measured bétween reddened and
unreddened stars of the same spectral type.

Table 11 lists the pairs of reddened and comparison
stars. MK spectral types are taken from Blanco et al.
(1958). The difference in visual colour excess AEg_y
between reddened and comparison stars is given in column
7 of Table 11. Photometric data of these stars have been
taken from observations presented in this project
(Appendix I and II). The extinction Ay was measured by
taking the ratio of monochromatic fluxes between reddened
and comparison star of similar spectral fype. For the
comparison of the extinction curves derived from different
star pairs the values have been mormalised in order to have
the value 0 at )\ = V and the value 1at A= B. All the
normalised extinction curves have been combined to give a
mean extinction curve‘Ex.

Assuming a value of R = 3.0 the mean values of total
extinction A()) per unit colour excess BEn_y are listed in

Table 12 over the wavelength range 1/A = 1.8 to 14;: 2.90.
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TABLE 11

Stars used for the determination
of the extinction law in the wvisible

REDDENED “STARS COMPARISON STARS AE (B-V)
HD SP-T HD SP-T
\
77581 BOIa 38771 BOIa +0.74
77581 BOIa 37128 BOIa +0.75
24398 B1Ib 91316 B11Ib +0.27
47240 B1Ib 91316 B1Ib +0.29
36371 B5Ia <. 4. 58350 B5Ia +0.36
58131 B2V 32249 B2V +0.54
33988 B2V 32249 B2V ~+0.54

45910 B2I1I 35468 B2I1I +0.54
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since the extinction curves in the visible derived from
above data agree with that of Nandy et al.(1975c,1975) |
within the observational error (r.m.s. = + 0.03mag) their
mean extinction curve has been adapted as it is based on more
extensive data.

The spectral distribution of the observed stars has
been corrected for interstellar reddening, usihg the mean

extinction law. The unreddened values are given by the expression:

Wy (V=0)ym = MA(V=0)yved + Ccor
whare

Ceor = = (A ey “‘?‘)/E(B—ﬂ

The accuracy of A)/BB_V is estimated to be + 0.2,
the error arising from uncertainties in photometry,
spectral mismatch between the red and the comparison star
and the adopted Valﬁe of R.

Schild (1977), in a new investigation of the inter-
stellar reddening law in the range of )\ 3200 pi¢ to 210870 2
based on new observations, has concluded that for very specific
work it might be necessary to determine the interstellar
extinction law for each direction of study.  His "results
are in good agreement with those of Nandy et al. (1975c)
and the differences are within the limits of accuracy of

Nandy's mean extinction law.
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TABLE 12

Interstellar extinction A)/E(B V)

\ "

. Jx(pm 1) AVE (5_y)

1.80 3.00
1.90 321
2.00 3.40
2,40 - 3.64
2.19 3.84
20 3.92
3,88 4,02
2.40 4.15
2.48 4.28
270 4,52
2.75 4.60
2.80 - 4.69
2.85 4.75

2.90 4.79



IV. LUMINOSITY EFFECT

v 1. OBSERVATIONS AND DISCUSSION ON THE
LUMINOSITY EFFECT

Observations obtained with the S$2/62 Ultraviolet Sky
Survey telesdope in the European Satellite TD 1 were |
available at the beginning of this project. Some of them
have been used for the study of the luminosity effect in
the ultraviolet, comparing the energy distributions of
giants and supergiants with those of main sequence stars
of similar spectral type.

Differences between the ultraviolet energy distributions
of early type supergiants and dwarfs of the same spectral
type have been noted earlier (Carruthers 1959; WVeber,

Henry & Carruthers 1971; Bless & Savage 1972;,Layet‘1972).
From mocdel atmospheres calculation (Mihalas 1970) the
normalised ﬁltraviolet fluxes were found to be systematically
lower for supergiants than for dwarfs and this has been
interpreted as the result of differences in surface

gravity and effective femperature.

A list of stérs was produced and the chosen stars
(Table 13) were selected on the basis of small interstellar
reddening.

The data, taken with a spectrometer sampling at 20 2
intervals with a spectral resolution of 35 &, cover the
spectral range of 2550 - 1350 ﬁ, together with a photometer
samdling broad-band measurements centred at 2740 R

(2oksenberg et al: 1973):
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Star‘ .'\

£ Ori
T Sco

vwOri

139 Tau
g Cen

e CMa
o Sgr
x Cen

o'CMa

mUMa
nCMa.
aGru
£O0ri
m Aqr

2 Oph
aCyg
cGru.

HD

37128
75821
149438
36512
64760
40111
122451
37209
52089
175191
132200
53138
51283
120315
58350
209952
34085
213998
94367
161868
197345
215789

TABLE 13

Observed Stars

MK Type

B0 1Ia
BO III
BOV
BOV
BlIb
BlIb
B11I
B1V
B21I
B2V
B2V
B3la .
B3 II-1IIT
B3V
Bb51Ia
B5V
B8 Ia
B8V
A0 Ia
A0V
A2la
A2V

68

Vv

—
o

.60
. 23

82

.61

70
50

. 1:0

12

.05
.28

86

. 40
1D
17
.02
.28
.76
: 26
.48

+ 19
.21
.29
. 26
0 &)
.08
.22
.23
.22
.21
.22
.08
41D
.20
. 07
.13
.03
.09
.15
.04
.08
.08

0.08
0.09
0.05
0. 04
0.07
0.14
0.02
0.03
0. 00
0.03
0.02
0. 06
0.00
0.00
0.03
0.03
0.00
0. 00

0.14

0. 04
0. 04
0.02
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The observed ultraviolet flux distributions of these
stars normalised to V = 0 are shown in Fig. 21 (a,b,c,d;e,

£,g,h). Magnitude differences, defined as

!.\W\)\-:- (win- V) Lamimous (MJ\" V) dwow{- )
have been derived for pairs of luminous and dwarf stars
with similér spectral type.

Corrections for interstellar reddening were applied
using the mean extinction law (chapter III). Since Eé—v
for the stars is in most cases less than 0.05mag, the error
in the corrected Awy arising from uncertainties in the
extinction law is very small. The corrected £Wﬂxvalues
are plotted as a function of 1/y in Fig 22. 1In this
diagram the corresponding magnitude differences at the
wavelengths of the photometric U and B bands have been
plotted as well.

Values of va\in the visible wavelength range-of
Fig,., 22 indicate that the stars considered here have the
normal UBV photometric properties characteristic of early-
type stars. At AB, the values either are zero or take
small positive values (~ 0.1 mag), since, in the spectral
type range considered, (B-V) is not strongly dependent on
luminosity. .The AU values are approximately zero for
Spectral types near B0 but become progressively more
negative towards later spectral types. These values are
consistent with measurements of the Balmer discontinuities
in early-type stars by Barbier (1952) and Chalonge (1956):
the magnitude of the Balmer Jump is larger for main sequence

Stars than for luminous stars, and the difference in Balmer
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a) HD 37128 B0OlIa; HD 36512 BOV; HD 37128 B0OIa;
HD 149438 BO V.

b) HD 75821 BOIII; HD 36512 BOV; HD 75821 BOIII;
HD 149438 BO V.

€) HD 64760 B11b; HD 37209 B1 V.

d) HD 40111 B1Ib; HD 37209 B1V.

e) HD 52089 B21II; HD 175191 B2V; HD 52089 B21II;
HD 132200 B2 V. :

f) HD 53138 B3J1a; HD 120315 B3 V.
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Jump between main sequence and luminous stars systematically
increases from early B to A2 stars.

Fig. 22 shows that shortward of the Balmer Jump
increases with 1/A, indicating that the normalised fluxes
of luminous stars become . fainter with decreasing wavelength
as COmpareé with the fluxes of the corresponding main-—
sequence séars. This applies both to supergiants and giants
and for alli spectral types from BO to B8. 1In this spectral
type range, the slopes of the curves in Figs. 22(a) - 22(h)
are almost identical. For the pair which cqntain_a super-
giant, A m increases typically by 0.7 mag from A= 2500 RI
to A = 4000 %; Ffor the pairs which contain a giant the
corresponding increase in Am is 0.4 mag. Fig 22(a) includes
the pair consisting of € Ori (HD 37128, BOIa) and v Ori
(HD 35512, BOV) which have also been observed photometrically
at 1115 & by Carruthers (1969). Carruthers' measurements give
a normalised flux ratio for v Ori/ e Ori of 2.4, i.e. a Am
value of nearly 1.0 mag at this wavelength. This fits well
with the present observations if the data in Fig. 22(a) are
extrapolated to 1/A = 9.0 pm™

For the A-type stars in Fig. 22(i-j), Am increases with
1/A up to A = 1800 R in the same way, as described before.
Beyond this value however, the slope of the curve changes sign
and the ultraviolet flux deficiency between the A-type super-
giants and their main-sequence counterparts starts decreasing.
For the AO pair showm here, the normalised flux of the super-
giant becomes comparable to that of the dwarf at 1400 2.
For the A2 stars shortward of 1600 R the normalised flux

Of the supergiant becomes larger than that of the dwarf.
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Absorption features are also interesting to discuss
in these stars. In the past, Underhill, Leckrone & Vest
(1972) and Thompson, Humphries & Nandy (1974) have
reported that these features are absent or present only
weakly in main sequence stars. In Fig 22 the lines at
1550 R and\1400 2 predominantly due to (CIV) and Gi IV)
resPectiveiy, appear more strongly in giants and super-
giants thanfin the corresponding main sequence stars in
the spectral range observed. The equivalent widths of
these lines have been measured previously by Code & Bless
(1970) for supergiant and main sequence stars and their
results support these remarks.

Another important conclusion is that the B type giants
and supergiants of the present project show stronger
absorption near 1920 2 than the corresponding main-sequence
stars. The presence of this feature in the spectra of
luminous stars was reported earlier by Thompson et al.
(1974). It has also been noticed that the 1920 %
absorption is somewhat weaker for luminous BO — B1 stars
than for luminous stars in the range B2 -~ B8. In the
latter range, however, the relative strength seems to
remain fairly constant. This feature has been interpreted
as a photespheric line blocking effect.

The broad absorption feature at 1720 2 has been .-
considered as originating in the extended envelopes of
supergiant and shell stars (Underhill et al. 1972;
Tarafdar & Vardya 1973). This feature is present in the
B-type giants and supergiants studied here, and it is

generally weaker than the 1920 2 feature, The ratio of the
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strength of this band to that of the 1920 R band seems to
vary; fér example, in nCMathe strengths of the two features
are comparable whereas for FOri the 1720 R feature is much
weaker than that at 1920 . It should be noted, however,
that in these data 1720 R lies in the overlap region at the
extremities of the short medium wavelength spectrometer
channels where vignetting of the primary image occurs.
Corrections have been applied in the data reduction to
compensate for this, but the measured absorption strengths
here may still be affected slightly by the instrumental
effect.

" Awm is observed to be non-zero in the regions-between
the knowvn strong bands and lines. Thus, structure in the
bquversus 1/; curve near 1920, 1720, 1550 and 1400 2
appears to be superimposea upon an additional Awscomponent,
which increased progressively towards shorter wavelengths.

It has therefore been found that the ultraviolet
observations extend the spectral range of the previously
given photometric and spectrophotometric data and confirm -
that the early type giants and supergiants are deficient
in their ultraviolet fluxes with respect to main-sequence
stars.

Fig. 23 shows theibwmversus 1/» curves for pairs of
main sequence stars and for pairs of supergiants: A BRIV
star is compared with B3V, B5V and B8V sta;s in Fig.23¢a),
while a B1Ia star is compared with B31Ia, BB&a and B8Ia stars.
In Fig. 23(b) the slope of the line is proportional to the
temperature différence for the pair of stars compared. It

has been found that the slopes of the lines for the main
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sequence pairs are approximately the same as for the
éorre5ponding supergiant pairs. In other words the
decrements in effective temperature in passing from 21
through B3 and B5 to B8 are similar for main sequence
and supergiant stars.

It was attempted to measure the difference in effective
temperature between supergiant and dwarf stars of the same
'5pectral type, adopting the effective temperature scale for
main sequence stars given by Schild, Peterson & Oke (1971).

- The temperature of the main sequence stars was determined
.according to this scale and the supergiant's effective
temperature was found in each case, assuming the blackbody
energy distribution required to match the observed curves
of Fig. 23. The results for spectral types B1, B3, B5 and
B8 are illustrated in Fig. 24.

Thus, by assuming that the difference in colour
temperature is the same as the difference in effective
temperature between a supergiant and a dwarf, fhe effective
temperature of a B1 supergiant is found to be approximately
3000K cooler than that of a B1 main sequence star; for type
B5 the effective temperature of the supergiant is found to
be approximately 1700K cooler than that of the main sequence
star. As a further test, a comparison of the normalised
energy distributions of J¢CMa(B3Ia) and <xgru(B5V) shows that
the slope of Auxversus 1/% curve is closé to zero, indicating
that these stars have similar effective tem%eratures.

Stalio (1971) has also reported that luminous stars

have lower effective temperatures than main sequence stars.
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ile establishes a temperature scale for B-type supergiants
by comparing observationally determined Balmer Jumps with
theoretically predicted data and his results agree closely
with those given here..

From Figs. 21 a,b,c,d, where the normalised ultraviplet
fluxes of a sample of B-type giants stars (included in the
present éet of data) are given,it can be derived that the
B-type giants have effective temperatures which are
intermediate between those of the corresponding supergiants
and main sequence stars, and that these lie somewhat closer
to the main sequence temperatures than to supergiant
temperatures.

From the two pairs of A-type stars (Fig. 22i-j) the
luminosity effect seems to apply only from A1800 R and
longward whereas at the shorter wavelengths this phenomenon
reverses and the luminous stars become apparently brighter
than the main sequence stars. However it is not clear whether
the short wavelength changes in slope (Fig. 22i-j) are
caused by the supergiants or the dwarfs. Underhill (1973)
has noticed that significant variations are observed between
the fluxes of A-type dwarfs for ){ 1800 .

Data from the Tables 21 and 23 have been used to
examine the luminosity effect in the visible rénge. The
stars were selected on the basis of small interstellar
reideﬁing so there are no uncertainties in using the mean
eXtinction law.

“ithin the accuracy of the observations no luminosity

I'ry

€-fect has been observed in the visible. An example is

T

ilustrated in Fig. 25(a,b) which shows the observed
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energy distribution, for stars of the same spectral type

‘and different luminosity class.

Dwar(s Supergiants
250001 i o
BlY
(=] ——
Te (°K)
20000| 1 S
B3 ¥
15000, 2% _ —E?%— 1
o »s 1

Fig. 24 Effective temperature scale for supergiants
and dwarfs.
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Iv 2. CONJECTURES ON THE EXPLANATIONMN OF
THE LUMINOSITY EFFECT

The purpose of this section is to examine how gravity,
multiple §ystems, departures from LTE, convection, rotation,
opacity and blanketing could influence the continuum, and |
how the obs?rved deficiencies for early-type supergiants
and giants'in their fluxes with respect to main sequence
stars of the same spectral type could be caused by one or

a combination of these effects.

a) Gravity

From rocket and satellite observations Carruthers (1969)
has noted that supergiants compared to dwarfs of the same
spectral type are fainter by up to one magnitude in the
1050 2 - 1130 & band. This effect is illustrated in

Table 14 (Mihalas 1970) where comparison of typical pairs

is given,
TABLE 14
Typical comparisons of dwarfs and
supergiants of same spectral type
stars spectral types R

o0ri/3 Ori 09.5V/09.51Ib 175
VOori/e ori BOV/BOIA 2.04
r‘Ori/k. Ori BO.5V/B0.5Ia 2.70

The third column of Table 14, denotes the ratio, R, of
fluxes for \ = 1115 R, between the dwarf and the super-
giant of each pair. Carruthers (1969) has suggested that

this effect can be explained by gravity changes, using
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Mihalas' (1965) models, although the effect predicted

theoretically was much smaller. For T = 36000K the

£F
predicted value is 1.2, (for log g = 40 and log g = 3.5);
which is still small to explain the observed ratio. Aver
% Mihalas (1970) produced additional models and for Tapp

=35000K (for log g = 3.5 & 1log g = 4.0) the value R is

~1.5. Thus a slight decrease in the gravity from 3.3 X 103

to 2 i 103

increases the flux deficiency appreciably. It
has also been suggested that this ratio is not dependent
on the spectral type. This is inadequate to explain the
observed luminosity effect. It has been noticed that for
paifs containing supergiants, and dwarfs, Am in the 1420 2
region is observed to be~0.6 mag corresponding to a value
of 1.7 for the ratio R of the normalised flux of the main
sequence star to that of the supergiant. Recent line
blanketed model étmospheres palculations by Kurucz,
Peytremann & Avrett (1974) suggest that surface-gravity
differences alone are not sufficient to account for values
of R as 1argé as this. The final column in Table 15 gives
the ratio of the normalised fluxes at the higher to the
lowver surface gravity. Comparison of the computed values
of R with the observed value 1.5 indicates that, for a
given effective temperature, gravity-dependent effects
make only é small contribution to the observed ultraviolet
fiux deficiencies of supergiants. Although the Kurucz,
Peytremann & Avrett (1974) models assume conditions of
local thermodynamic equilibrium (LTE), the computed

values of R given above are not expected to be changed

Significantly by inclusion of the non-LTE effects for the
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TABLE 15

Comput§d values of F1422/P5OOO for different
effective temperatures and surface gravities

Log g
o A - n]
Capr 1.0 3.0 2.0 R
20 000 X 21.3 20.2 - 1.05
15 000 X DD - 8.4 1.13
T T T T T T
b J-ss
—1-53
4 My
- -3
- -29
] e ] | | i
o.7 0.6 0.5 04 . a3 a2 al o

()

Fig. 26 The effect on the flux distributions of changing gravity
(a) for effective temperature 8000 K and gravities 2,
2.5, 3, 3.5, 4, 4.5 (b) for effective temperature
2500 K and gravities 3.5, 4, 4.5, 5 (Kurucz, Peytremann
& Avrett 1974).
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temperature range considered here. The effect on'the
flux distributions of changing gravity for effective
temperature 8000X and 25000K is showvm in Fig. 26! Kurucz

et al. (1974).

b) Multiple systems

It is well known that the vast majority of B stars
belong to binary or multiple sjstems, and the observed
spectra may be affected by the presence of a fainter
companion of different spectral type. This could explain
a phenomenon like the one discussed here, but the curves
plotted in Fig. 25 for eight B-type pairs are extremely
similar and it can not be accepted that each star has an
~additional unidentified companion of the required spectral
type and magnitude. Therefore multiplicity seems a very

improbable explanation of the luminosity effect.

) Departures from LTE

The fact that departures from LTE occur at the depths
where the Balmer and Paschen continua are formed suggests
that these departures may appreciably affect the continuous
energy distribution. . If the observations are interpreted
according to LTE models, the effective temperatﬁres will
be systematically in error. Strom & Kalkofen (19566)
estimated these effects and using an approximate atomic
model they have shown that the changes can be as large
as 2000K. Further work by Mihalas (1967a, b, 1968) and
“ihalas & Stone (1968) using improved atomic models and
larger collision rates showed much smaller departures

waich, in fact, negligible for the main sequence stars.
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An analysis (Mihalas 1972) of the effects of
departures from LTE on colours measured in the uvby system,
has showvn that systematic errors in estimates of Tegp are
introduced.

J

At log g = 4, the errorATeff is essentially zero

at log g = 3, AT_poX 200K and at log g = 2.5 AT_p.% 500K,

'd) Convection

Convection is very unlikely to be the explanation of
the luminosity effect, because it has been found that for
main sequence B stars the flux carried by this mechanism
is not important. Atmospheric motions in the upper parts
of the photosphere of B stars may be of considerable
significance.in affecting the temperature,.pressure,
structure and abundance determination. Even for cooler
main sequence A stars with temperatures greater than

8500K (Strom 1969) the effect of convection is not important.
e) Rotation

" Rotation 1s expected to have an effect on the ultra-
violet spectrum of B stars. This region is quite sensitive
to the effective temperature because the Planck function
peaks in the near ultraviolet. Consequently fluxes observed
shortward of the peak of the Planck Eunctipn cofresPOHding
to the effective temperature of the star Qill be wvery
sensitive to temperature variations over tﬁe surface of
the star. 5

It has been reported that (Collins & Harrington 1966)

that calculations show the Balmer continuum region to be
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weakly sensitive to the effects of rotation, in the sense
that it is steeper for the higher rotational velccities.
Departures from LTE will also enter in a way to
counteract the effects of rotation on the Balmer discontinuity.
In the low surface gravity regions, the Ealmer disccntinuity
will be decfeased owing to departures from LTE; LTE regions
would be expected to have a larger Balmer discontinuity
because of their lower temperature.
Finally the changes in temperature introduced by
rotational effects can be of the order of 5 to 10%
(Strom 1969) which is less than the observéd deficiencies.
It has also been reported (Abt & Hunter 1962; Van de Heuvel
1965) that for B stars the rotational velocities are
independent of their spectral subtypes,so if rotation
causes this effect it should be constant for all B spectral

types, but this does not happeﬂ here.

£) Opacity

It is well known that the onlj important sources of
continuous opacity in most B stars arise from hydrogen,
neutral and single ionised helium and electron scattering
(Strom 1969). Recently silicon has been found as an
important source of opacity and Strom (1969) has shown
that silicon over-abundances of a factor of 30 result in
changes in temperature of about 1000 to 1500K. The silicon
discontinuity at 1527 2 ranges from 0.5 to 1.5 mag even
for normal silicon-to-hydrogen ratios in the temperatures
of early type stars.

Although this effect could be a possible explanation
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of the effective temperature difference, the similarity
of the curves plotted in Fig. 25 for the studied stars
does not allow us to suggest that overabundaﬁces of

silicon or another element has occurred to all stars.

g) Blanketing

The blanketing effect is very important for the
appearance of the stellar spectra. The primary effect,
in most cases, is to make the blanketed atmosphere to
appear hotter than an unblanketed atmosphere at the same
effective temperature. Therefore if unblanketed model
atmospheres are used to estimate the effective temperature,
the derived values will be too high. Gaustad & Spitzer (1961)
wvere the first to study systematically the blanketing
effect on the spectra of B stars. The first attempt to
include the effects of a large number of lines in a model
atmosphere calculation was that of Strom & Kurucz (1966)
in which 30 000 lines were used to construct the distribution
functions for a ﬁodel of Topp = 6500K. Mihalas & Morton
(1965) have computed a modei of a BIV star where the strong
lines suggested by Gaustad & Spitzer (1961) were included
in their calculations. The computed emergent flux is shown
in Fig. 27. The integrated emergent flux of the blanketed
model corresponds to Topp = 21900K (Mihalas 1970).

The flux distribution of an unblanketed model with
the same effective temperature is given and the effects
©f line blanketing are really very important. The flux
in the continuum between the lines lies far above the

unblanketed continuum, and the energy deficit in the
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ultraviolet due to the line blocking is compensated by an
appreciable rise in the visible continuum. Consequently if
the observed flux of a star in the visible region were
fitted to an unblanketed model, the error in the Teff

could be Qf the order of 2100K. It was found that many
strong lines and the overlapping wings of weaker ones
absecrb mucﬁ of the continuous radiation, particularly for
<1410 R. !

For stars hotter than B5, more than half of the total
emergent flux comes from the Balmer continuum. At these
high temperatures many elements, including the abundant
light elements, are twice or three times ionised, and as
a result, strong lines of many of these elements fall in
the ultraviolet, especially in a region where a majority
of the flux emerges. Thus, the effects of blanketing
on the temperature can be very serious and the temperature
estimates without taking info account the blanketing can

give large errors.
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Fig.. 27 Flux from blanketed and unblanketed LTE models,
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Going to later B spectral types, blanketing in the
range between 2000 ® to 3000 2 has been found to be very
" important (Strom 1969) as well.

In the spectra of A-~type stars the Balmer lines
reach their maximum strength and the major part of the
radiation emerges in the region where these lines over-
lap and coalesce into the Balmer continuum. Thus a large
fraction of the radiation of these stars is directly
influenced by the presence of these lines., Observationally
the presence of fhe lines éompletely changes the appearance
of their spectra.

Blanketing in the near ultraviolet towards the
visible region of the spectrum is of increasing importance
since the atoms are essentially now all neutral and singly
jonised at A-star effective temperatures (Strom 1969). .

The blanketing effect generally is less important
for the luminous B stars than for main sequence stars
because of their low densities, although turbulent
broadening does increase the line width in a way. The line
blanketing is more significant for stars of higher surface
gravities because of the increased electron and atom
densities and the resulting consequences on the line
broadening. ;
It has been reported by Morton (1969) that for a
model of a spectral type the blanketing lo?érs the general
Ilevel of the ultraviolet continuum and when lines appear
within the passband of the detector there is an additional

reduction of the predicted flux.
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To swnmarise, we point out that blanketing changes
temperature by about 2000K for B2 stars and less for later
spectral types (Strom 1969). So blanketing effect is very
important for early type stars; it gives figures appropriate
to the obsgrved deficiency; and is to some extent luminosity
dependent. This effect is probably a contributor to the
explanatiog of the observed luminosity effect, assuming that
the observeﬁ_band, the strong blanketed area and the band
where most of the emitted flux emerges for a particular
Topp are taken into consideration. Of course, this does
not prevent us from suggesting that many other effects
make their contribution in favour of or -against the

observed luminosity effect.
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v TEMPERATURE SCALE

Ve EFFECTIVE TEMPERATURE

Model atmospheres have been developed in order to
derive theoretical spectra which could be compared with
real ones. Theoretical assumptions and mechanisms give
spectral intensity distributions which should approach
the real ones. If the agreement in detail between the
theoretical spectrum and the stellar spectrum is good,
one may conclude that themperature, pressure and structure
of the model represent the stellar atmosphere well whereas
the theory of spectrum formation and the abundances of the
elements which have been adopted may describe the stellar
atmosfhere. .

The problem is to bridge the theoretical and
observational spectra and to arrive at a meaningful
comparison between them. Assuming that a proper comparison
"has been done, the required basic information could be
extracted either.from a successful fit or from trying to
understand the physical meaning of the misfit. Of course
a perfect fit does not always ensure us that the parameters
are exactly those of the model and that the whole process
1s completely clarified. Simplifications in the computation
of models may produce the same models for a different set
of tempefature,'gravity and chemical composition.

There are many methods of comparing the real spectra
with the synthetic spectra using the continuum or the

spectrum lines. The wide-band observations give information
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on the eﬁergy distribution of the stars and the widest
band that can be imagined includes all photons from
A= 0 to \=%. Multicolour photometric scans and
spectrophotometry give a more realistic picture of the
spectrum of the star that can be considered with more
confidencei
It has alfeady_been mentioned that during recent

years the dltraviolet flux distributions on an absolute
scale have been obtained for a considerable number of stars.
This part of the spectrum is especially important for early
. type stars where they emit most of their flux. It is
difficult to decide about the atmospheric parameters
without knoﬁing what the ultraviolet spectrum of a star
looks like. On the other hand the theoretical work on
computing model atmospheres has made tremendous progress.
The theoretical stellar spectra are very elaborate and
detailed and cover a wide range of temperatures and
gravities.

A temperature scale for early type stars has beén
derived from the comparison of the observed stellar
spectra with theoretical ones. The observed stars (Table 16)
are 0,B and early A stars. Data in the ultraviolet
(1392 8 to 2740 R) were provided by the Edinburgh TD1
team and are now published (Jamar et al. 1976). The fluxes
in the bands 2500, 2460, 2260, 2190, 2060, 1920, 1860,
1550, 1490, 1460, 1392 R were derived from consecutive
spectral data. Each band is named according to its
central wavelength and has a width of 100 ®. The fluxes

obtained at these wavelengths were converted to magnitudes
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W10 s —

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
a4
45
46
47
48
49
50

HD

15318
18326
24398

N 24431

124760
130614
31327
32249
33988
34085
35468
36371
36512
36879
37128
38771
40589
42087
43384
45910
46149
47240
47839
52382
53367
54662
58131
58350
66811
77581
79186
87734
87901
91316
102647
149438
152614
155763
160762
164353
176437
182255
188209
188260
195810
197345
214993
218376
222173
224572

TABLE

16

Stars

observed

Name

E2

C

-a m

1

(o)}
W= IR N4 QR3

e

e
QrR N2 O W

<X =< £

= m

O W

5

™3

Cet

Per
Per
Cam

Eri
Ori
Ori
Aur
Ori
Ori
Ori
Gem
Gem
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\

4,27
7.28
2.83
6.72
2.88
4.38
6.06
4.80
6.88
0.08
1.63
4.75
4.60
7.58
1.70
2.04
6.05
5.76
6.28
6.77
7.58
6.15
4.66
6.48
6.97
6.21
1e37
2.47
2.25
6.88
5.00
3.55
8.14
3.85
2oail:2
283
4.37
= e )
3.80
397
3.23
5.1.8

 5.63

4.57
4.04
125
522
4.88
4.28
4.58

B-V

-0.,05
+0.38
+0,13
+0.37
~0.17
+0.02
+0.41
-0.20
+0.25
-0.03
-0.23
+0.30
-0.26
+0.20
-0.19
-0.18
+0.25
+0.20
+0.44
+0.33
+0.17
+0.15
-0.25
+0.20
+0.43
+0.03
+0.34
-0.06
-0.28
+0.56
+0.20
-0.02
-0.11
-0.14
+0.09
-0.24
-0.09
-0.11
-0.17
+0.02
-0.04
-0.12
-0.07
-0.06
-0.12
+0.09
-0.12
0. 02
-0.10
-0.06

Sp.Tp

BOIII
08y
B1Ib
o9V
BO.5V
09.5Ia
B2Ta
B2V
B2V
B8Ia
B2III
B5Ia
BOV
06V
BOIa
BOIa
BOTa
B2.51a
B3Ta
B2III
08V
B1Ib
QT LT
B2.5Ta
BOIV
06V
B2V
B5Ia
05V
BOIa
B3Ta
AOTIa
BTV
B1lIb
A3V
BOV
B8V
B7IIT
B3IV
B5Ib
B9IIT
B6IITI
09.5I IIT
BOIIT
B6TIII
A2Ta
B2ITII
BOIII
B8V
B1V



my where my= ~2.5 10g Iy~ 21.1 (Oke et al. 1970) and
IAis the mean flux at ) in erg s 8V em? (Nandy 1976c).

Data in the visible spectral range have been observed
with a single or a two channel spectrum scanner (details
are given in Chapter IIi) and they are listed in Appendix
s L1

The ATLAS computer programme (Kurucz 1970) has been
used to provide the necessary theoretical spectra (XKurucz,
Peytremann & Avrett 1974, and Kurucz 1976 private communication).
The grid of model atmospheres used covers temperatures |
f£rom 5500K +to. 50000k and- gravities from 1022 -to 10°.cm s72,
Fig. 28 and Fig. 29 illustrate the spectra distribution
for some of their modelé with different gravities and
temperatures.

For each star the observed and intrinsic flux
distribution in the visible and ultraviolet has been
plotted (Figs. 30 - 79). Corrections for interstellar
extinction have been applied using the mean extinction
law (Nandy et al. 1975c). Smooth curves have been drawn
for each star through the data, one forah5556 R up to
the Balmer Jump and another curve through the shorter
wavelengths. The curve that passes through visible
(shortward of Balmer Jump) and ultraviolet values connects
two sets of data obtained by different instruments, and
any displacement needed for their combination is found
to De within the limits of photometric accuracy.

The synthetic spectra from Xurucz, Peytremann &

Avrett (1974) and private communication (1976) model
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atmospheres have been superimposed on observed spectra
and a temperature scale for early type stars has been
derived assuming log g = 2 for supergiants, log g = 3
for giants and subgiants and log g = 4 for dwarfs (Table
17 column\7).
To illustrate this process, Fig. 80 shows the
observed cglour (m = V) for 3Per (HD : 24398, B1Ib,
E(B-V) = 0.35) by filled circles and that corrected for
reddening (m —'V)O by open circles. The solid line shows
the fitted model. |
In Table 17, Teff is also given for some of these
stars by previous workers using different techniques
and models. T_no(2) Hanbury et al. (1967), T.pp(3)
Morton et al.(1968), Tef£(4) Heintze (1969), Teff(s)
Hyland (1969), Teff(G) schild et al.(1971), Teff('?)
and (8) Nandy et al.(1975b) ‘and Teff(9) Code et al.
(1976Db). '
The grid of models used is listed in Table 18.

Assuming log g constant for Tage = 8000K the step of
500X in temperature gives a differencé in magnitude

~0.3 mag for the visible part of the spectrum and ~0.6 mag
for the ultraviolet part of the spectrum. These differences
for Teff = 9000K have the values ~0.2 mag and 0.4 mag
respectively. For 1000OKc(Teff<‘QOOOOK the grid used
has a step of 1000K in temperature and for Teff = 12000K
the step gives a difference ~0.15 mag for the visible part
and ~0.3 mag for the ultraviolet part of the spectrum.

For T po = 20000K the step is 2000K and the differences are
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TABLE

17

Derived temperatures for the observed stars

HD Sp T ¢f
15318 BOIIT 10 100(1) 10 500(6)
24398 B1Ib 20 100(1)
24431 09V 26 000(1) 34 300(3)
24760 B0.5V 24 000(1) 26 200(3) 25 400(4) 28 600(6)
30614 09.5Ia 22 900(1)
31327 B2Ia 17 000(1)
32249 B2V 19 100(1) 20 500§3;
33988 B2 25 000(1) 20 500(3
34085 Baga 11 500(1) 11 200(2) 11 800(7) 11 700(8) 11 550(9)
35468 B2III 18 500(1) 21 100(2) 21 450(5) 22 300(6) 21 580(9)
36371 BSTa 12 900(1)
36512 BOV 24 500(1) 30 900(3) 29 100(4) 24 300(7)
37128 BOIa 22 000(1) 18 000(7) 21 300(8) 24 820(9)
38771 BOIa 22 000(1) 26 390(9)
40589 B9Ia 10 100(1)
42087 B2.5Ia 15 600(1)
43384 B3Ta 14 400(1)
45910 B2III 19 500(1)
47240 BlIa 20 000(1)
52382 B2.5Ia 15 800(1)
53367 BOTV 24 000(1) :
58131 B2V 18 900(1) 20 500(3)
38350 B5Ia 12 900(1) ~ 12 500(7) 13 100(8) 13 310(9)
77581 BOIa 22 100(1)
23%6 B3Ia 14 400(1)
4 00 (1
87901 . %%a 13 %oom .13 600(3) 12 900(4) 12 650(5) 12 900(6) 12 900(9)
91316 B1Ib 19 000(1)
102647 A3V 8 400(1) 8 840(3) 8 850(9)
149438 - BOV 24 400(1) 20 500(3)
152614 pgy 11 550(1) 12 000(3)
155763 B6III 13 500(1) 13 200(4)" 13 400(6)
160762 B3ty 16 500(1) 16 800(4) :
164353  p51h 28 000(1) 30 900(3) 25 500 (4)
176437 BOTTT 9 600(1) :
182255 B6IIT 14 000(1)
188209 09.51/TTT 25 000(1)
188260 BOITT 9 800(1)
195810 pgrTT 13 800(1) i
2145 aore 8 950(1) 9 500(7) |
314993 B2ITT 19 000(1) \
233?6 BOITI 23 500(1)
22173 B8V 11 600(1) 12 000(3) ;
2245?.2 B1V 22 800(1) 22 600(3) '
Reference (1) denotes the present work, and references
(2) to (9) are given on p. 98.
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TABLE 18

Grid of model atmospheres

Log g

Topp(K) 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

5500 + |
6000 +
6500 -
7000 -
7500 -~
8000 -
8500 -
9000 -
9500 =~
10000 - -
11000 - =
12000 - -
13000 - 2 =
14000 - = i
15000 - s s
16000 - e -
17000 - - -
18000 - = =
20000 - = -
22500 - — - -
25000 - = = = s
30000 - - - v -
35000 - = = & o
40000 - = - - =
45000 -~ - = = = =
50000 - = e =

I+ + 4+ + + + +

1+ + 4+ +++ + 4+ +

I

I+ ++ 4+ + +++++++++ 4+
s T T 2 i S S S

I+ + + 4+ 4+ + 4+ + 4+ + o+t

l+++++++++++++4++++++++++

l+++++++++++++++++++++++ 4

S T S S I I T R A S
l

{
|
|
I
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0.2 mag for the wvisible part and 0.3 mag_in the ultraviolet
part.

Taking into account the various errors in the visible
and vltraviolet due to photometry and introduced by the
correction of interstellar extinction (discussed in
Chapter III), these were found to be smaller than the
step of the models used. So it has been suggested that
the error in the estimation of Topp for the observed stars
is of the order of the temperature step of the grid of the
models used providing that these models are almost realistic.

Toppe for the same stars has been derived computationally
as well., Each spectrum is divided into three parts, first
the visible part before the BJ, second fhe visible part
after the BJ and third the ultraviolet part of the spectrﬁm.
Let us assume that Xy is the difference in magnitudes
between an observed point of the first part of the spectrum
and the corresponding point.of the model for this wave-
length (linear interpolation has been applied for the
calculation of the theoretical fluxes at the observed
vavelengths when they do not coincide). Following the
same process we estimate Y and Zs differences in
magnitudes for the other two parts of the spectrum.

e Teff(v) is the temperature of the visible part which
corresponds to the model for which Ofn_—.. fo+2'vf‘

is minimum, TeEE(U) will be the temperature of the UV
part of the spectrum where 0‘3’:.'22? 1s minimum. Assuming
cpe(V) for the UV part and Toep(U) for the visible part

. (2 2, e
70 rew values for o” can be estimated, du )and O": )respectlvely.
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Fig. 81. An ideal plot of the described process.

Fig. 81 gives a picture of the process described
in this paragraph. Xnowing Teff(v), Teff(U)rcﬂf”: Oﬂfljv

0;“1 Gﬁih the weighted Teff will be equal to

T ) (o o“"’)*Tev(U)( 7 o )

1) 2) 1 A
(G” S E )+ W+ (5‘“")

Tegp (s

assu_ming Teff(v) < Teff(U) and (j;(i), O‘;(l), G—;J(ﬂ’ O-U(l)71
but if Teff(v) > Teff(U) then

w) = TeLE.(U (o-f”m )*Tew(“( 7 o:'*'“)

{Z (0'334.6‘(2)) (“"T ;(L‘)
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and if(ﬁciy,it is replaced by its reciprocal, i = 1,2
and J = V,U. |

This method has been applied and it has been found
that the disagreement between Teff(weighted) and
Teff(superimposed) is 500K for cool stars and up to

1200K for the hot stars.

154



V. 2 DISCUSSION ON THE USED MODELS

Models are realistic if they can predict the energy
distribution for stars that can be well observed. There
are three ?pproaches to model-atmosphere construction:
empirical,fsemi—empirical and theoretical.

In the empirical approach a temperature-pressure
structure is hand-adjusted until it reproduces, as closely
as possible, the observed flux intensity, making use of
a model-atmosphere program containing the stellar opacity
sources., The second mcdel-atmosphere approach is semi-
empirical. In this case an opacity function is constructed
based on free parameters that are determined such that the
model calculation agrees with observations. Then a mode
or modes of energy transport are assumed and a model
constructed that conserves energy. The third approach
is theoretical, in that all opacities are computed
theoreticéily and the temperature/pressure structure is
determined by conservation of energy. This method is not
very useful for later type stars, because the line opacity
is difficult to calculate.

The models used to derive the effective temperatures
of this project are theoretical, and the assumptions
and approximations made by Kurucz, Peytremann & Avrett
(1974), who ran the computational program, are the
following:

1) The atmosphere is in a steady state.
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ii) The.flux of energy is constant with depth in the
atmosphere since the energy source for a star lies far
below the atmosPheré and since no energy comes into the
atmosphere from above.

iii) The atmosphere is homogeneous except in the normal
direction.

=45 The atmosphere is thin relative to the radius of
the star so we can consider plane layers instead of
concentric shells.

V) There is no relative motion of the layers in the
normal direction: there is no net acceleration of the
atmosphere, so the pressure balances the gravitational

attraction, i.e.

ciz =
oo *P%J“

g is the gravitational acceleration which is.approximately
constant because the atmosphere is thin.
vi) The atomic abundances are specified and constant
throughout the atmosphere.

Solar abundances and microturbulence velocity
2 km.sec”™! have been chosen as the most representative
values., Solar abundances compiled by Withbroe (1971)
h12ve been adopted and if abundances for the Sun are not
Xnoim Allen's (1963) 1list is uwsed. It has been assumed
0.9 hydrogen and 0.1 helium by number, and the following

OZarithmic abundances of the other elements relative
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Eu: =

Ta

ap
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-1l 45 Be -

-3.63 L1
P Cr
Y. v S48
TRV Hu
. 6l Ne
N ] Ll
=117 W
1] s Po
-du. un i

as complete a line 1list as possible.

structure in a heavily blanketed stellar atmosphere is

total
10. 99 B -9.
-4, 30 P -6
6. 43 Mn -5
-3 M e -9,
=l 40 Kh -10
. uy Ca -10
~lu. u s =11
-4, 49 He -11
=20 uu At 20
=20, ul im -0

are:
35 Cc
62 s
.85 Fe
w Kr
a0 Pa -
26 Ba
L1 Lry
.40 Us
20.uu Kn -
LUl Cm -

.48

g4

.63
.80

.48

Cl

Rb
Ag
La

Ho

4. 44

=20.00

« =20.00

-20.00

F -7.49 Ne .60
K -7.00 Ca =-5.72
Cu -7.80 2Zn ~-7.63
Y -10.43 Zr  -9.63
In -10.34 Sn -10.34
Pr -10.42 Nd -10.23
Tm -1l.62 Yo -11.24
Au -11.73  Hg -9.05

Ac -20.00 Th -11.23

Na -5.81
Sc -8.98
Ga -9.21
b -9.75
sb -11.30
Pm -20.00
Lu -l1.21
TI -11.85

Pa -20.00

Mg

In blanketing calculations, it is important to have

The temperature

determined more by the amount of space between the lines

themselves.,

Thus if a large number of weak lines are

included, they can fill in the spaces and produce a

-

considerable difference in the flux that emerges.

The first attempt to include the effects of a large

number of lines in a model atmosphere calculation was

that of Strom & Kurucz (1966), in which 30 000 lines

were used to construct crude distribution functions

for a model (6500K).

a grid of blanketed models using approximately the same

Peytremann (1970) has calculated

lines in a Monte Carlo treatment.

Investigations have

showvn that the available line lists were seriously

incomplete and do not predict observed blanketing.
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The list of lines considered for the construction
of the used models include as many as 1 760 000 lines
and it is the richest used so far.

The spectrum has been divided into small wavelength
intervals and the selected line data for each interval
are slightly beyond both ends to pick up the wings of lines
in neighbouring intervals. There are between 15 000 and
30 000 iines per interval above the Lyman limit with a
falling cof number in the Lyman continuum due to a shortage
of spectral imformation on multiply ionised atoms.

The radiative damping constant is assumed equal to

the classical
f:{: Z.ZQSEB/)\LCM*Q (in sec™', )\ in nanometers)

and the Van der Waals damping constant used is approximated
by

Rice 03 o4 03 e
I, :‘Zg d}(iﬂ) (16:6-33) Nur(E) (osoE 33) Nye

while the Stark damping is a fit by Peytremann:

r

| s X
S::LE—quWNe&ﬁc )

(5]

onvective flux was calculated but not included in the

temperature correction except for Teff = 8000K but even in

“n

these models convection plays only a minor role in comparison
T3 the blanketing effect. The continuous opacities are

HI, HII, HeI, HeII, HeIII, CI-IV, NII-V, OII-VI, NeI-VI,.

Ly &1F, 1S53, HZ, H , H Rayleigh scattering, and electron

Scattering.
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Hydrogen lines are added separately to the total
line absorptién coefficient. After the total line absorption
coefficient has been calculated for every wavelength point
in the region, the fraction of the total number of points
that £all below each one~tenth decade in opacity is
determinedi -

It has been shown by Kurucz (1974c) that the program
is capablefof reproducing the solar spectrum reasonably
well.

Comparison of the described published models has been
made with selected published models to show the differences
in the treatment of line blanketing and to non-LTE effects.
Carbon & .Gingerich (1969) have produced a grid of blanketed
models for temperatures in the range 4000 to 10000K. The
models included Balmer lines and a three-step distribution
function. Blocking coefficients were not available in the
far ultraviolet and so the used ultraviolet line opacity
was from extrapolation, above 8500K only Balmer line
blanketing was included.

A year later a new grid of blanketed models for
B stars has appeared (Van Citters & Morton 1970) and
98 of the strongest lines in the ultraviolet have -been
included. A similar grid for O stars has been published
by Bradley & Morton (1969) including 110 lines., Both
medels assumed ten times classical damping and a helium
abundance 30% higher than Kurucz, Peytremann & Avrett
(1974).

A grid of non-LTE atmospheres of B and O stars was
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produced by Mihalas (1972) where there is a detailed
treatment of hydrogen and helium statistical equilibrium
but line blanketing opacity is not included. Fig. 82

shows the comparison of Mihalas (1972) non-LTE (solid line)
and LTE (long dashed line) models with Kurucz, Peytremann
% avrett (1974) (short dashed line) model atmospheres.

. Fowler (1972) used a 1list of 29 000 lines and for
each line he assumed a Vah der Waals damping constant
approximately twice that of Kurucz, Peytremann & Avrett
(1974) and a radiative damping constant which was thirty
© times larger than the classical one. Only a few lines
were included in the far ultraviolet and carbon, magnesium,

silicon continua were omitted.
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Fig. 82

Comparison of the Mihalas (20000, 4 ) non-LTE model

(solid line) and LTE model {long dashed line) with Kurucz,
Peytremann & Avrett (1974) model (short

dashed line).



V. 3 DISCUSSION ON THE DERIVED TEMPERATURE SCALE

The temperature scale derived here is believed to be
an improvément on previously published temperatures.

The observational data cover a wide range of wave-
lengths (1398 2 - 5556 R) and the used models (Kurucz
et al. 1974) are very elaborate and produced for a large
number of temperatures and gravities. The line blanketing,
wvhich is very important for the spectral type and wave-
length range studied here, has been computed for a very
large number of lines for the first time.

The effect ' of gravity on the energy distribution is
relatively small compared with the effect of temperature
changes for different spectral types. For example a
change in the gravity from log g = 4 to log g = 2 would
be equivalent to a change in temperature of less than
500K at 10000K. Therefore in using the fluxes to determine
the temperatures of B and éarly A stars, the gravity will
not need to be known with great accuracy (Nandy & Schmidt
1975). The effect of gravity changes on the theoretical
energy distribution is shown in Fig. 83.

A brief discussion on the derived temperatures
by other workers (listed in Table 17, p. 150) is given
below,

For Teff(g) derived BylHanbury~Brown et al.(1967),
the angular diameter has been used to find the absolute
monochromatic flux at the surface of the star. It is

knowvn that the flux:F&at the surface of a star is related
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to the absolute monochromatic flux received outside the

Barth's atmosphere by:

A .-___.—gf%
uo
The values of fkhaye been taken from the fluxes published
by Willstrop (1955) in the range 4000 & to 6000 K.
Grids of model atmospheres published by Mihalas
et al. (1965), Strom et al. (1965), Mihalas et al. (1966)
have been used to derive Tapp * These temperatures are
based on energy‘distributions covering a small wavelength
range. The interstellar extinction has not been taken
into consideration and-the-used models do not include
enocugh lines for the blanketing effect.
Teff(S) (Morton et al. 1968) were based on model
atmosPhefes (Mihalas & Morton 1965, Mihalas 1966, Adams
& Morton 1968, Hickok & Morton 1968). The temperatures
were obtained by interpolating between the models using
U-V as an independent variable for O and B types and B-V
for cooler stars. Around AOV spectral types considerable
welght was given to fit the Hy profile and the absolute
energy distribution in the visible with the new models.
The models they used included absorption lines shortward
of 1600 R whereas early type stars have considerable .
blanketing in the 2000 - 3000 & region (Underhill 1972).
Flux from this region is redistributed to thevisual, and
if only the visual spectrum is compared with model
atmospheres as did Morton & Adams, one would conclude too

high temperatures.
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Teff(4) have been derived by Heintze (1969). He
" determined the effective temperatures by comparing Zalmer
Jumps of stellar spectra with theoretical ones calculated
by Mihalas (1965, 1965). There are many observaticnal
difficulties that are due to calibration of the Balne
Jump of the photometric standard and photometric uncertainties;
and theoretical difficulties that are due to deviation from
local thermodynamic equilibrium (LTE), blanketing effect,
rotation and differences in metal content which can
influence the predicted Balmer Jump. The deviaticns from
LTE cause a decrease in the predicted Balmer Jump but
blanketing increases it.

The temperatures Teff(S) (Hyland 1969) were found
by fitting the model predictions to the observed energy
distribution in the range 3300 - 5000 & with greatest
weight being given to the Paschen continuum. The models
on which observationslwere fitted have been published by
Morton et al. (1968), Hickok et al. (1968), Mihalas et al.
(1965), Adams et al. (1968), Mihalas (1966). The facts
that the used models_include absorption lines shortward of
1600 R only, and that the observations do not cover a
wide wavelength range, introduce uncertainties in the
derived temperatures. '

For Teff(6) (schild et al. 1976), th? observed Balmer
Jump and the Pasdien continuum have been compared with models
published by Mihalas et al. (1965), Adams gi al. (1968),
Van Citter et al. (1970). The temperatures have been

determined by fitting the models to observed continuum
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fluxes and extrapolated to the ultraviolet and infrared.
Equal weight was given to Balmer discontinuity and to the
Paschen continuum in estimating effective temperatures
except for the reddened stars where the Balmer discontinuity
was given most of the weight.

For Tef£(7)’ Nandy & Schmidt (1975) have combined
observational data in the ultraviolet and UBV values in
the visible and compared with models (Xurucz 1970) that
aliow the inclusion of line opacity based on about
750 000 spectral lines. The derived temperatures were
based on wide band photometry in the visible, so uncertainties

were introduced in the estimation of the continuum.

—

T r¢(8) have been found by Nandy & Schmidt (1975)

as well by using a different process that described for

=

eff(j}' The flux at several ultraviolet wavelengths
and the angular diameters of some of the stars measured
by Hanbury Brown et al. (1974) were used in order to
derive these temperatures.

Only one discrepancy was found between Tef£(7) and
Teff(8j (fFor five stars) and this was the hottest star.
So it has been suggested that this may be related to
non~-LTE effects (Nandy & Schmidt 1975).

Finally Code et al.(1976) have found empirical

effective temperatures by using the angular diameters

znd absclute flux distribution. The cobserved fluxes

ey
£

rt

he infrared ) > 8080 R to the ultraviolet )= 1100 %
have been integrated and the effective temperatures derived

using the relation



. Tegr = ( L. )Vﬂ%

o

where ' i1s the integrated stellar flux at the surface of
the star QndCT'is the Stefan-Boltzmann constant.

The ultraviolet fluxes were obtained by the O0A0-2
sabeTlite bvep the spectral ranges 1100 — 2000 % and
2000 - 350Q & with spectral resolutions of about 10 and

20 R respectively. The fluxes in the visible were centred

at 25 wavelengths (passband 50 ®) in the spectral range

ko

of 3300 - 8080 . An extension of fluxes in the infrared
wvas attempted by using the broad band I1,7J,K,L,M,N magnitudes
of Johnson.

The observed fluxes were corrected for interstellar
extinction and then were.integrated in five wavelength
bands 1100 - 1300, 1300 - 1800, 1800 - 3300, 3300 - 8100,
8100 —o0 , The total absolute flux integrated over the
entire spectrum has been used for the estimation of Teff(g)‘

Some of the stars (Code et al. 1976b) coincide with
stars of the presént project. The temperatures derived
for the common stars have been used for the comparison of
the two scales.

It can be seen from Table 17 that for the cooler
stars there is a very good agreement between Teff(1) and
Teff(g)‘

For the stars HD 34085, 58350, 87901 and 102 647
ATope = Teff(1)_— Tef£(9) has the values +250K, -400,
+300, =450 respectively. All these differences are

within the 1imits of the accuracy of Teff(1) scale.
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For the hot stars HD 35468, 37128, and 3877, AT_pp
is between 2000 - 4000K. These differences are.too high
to be within the limits of accuracy of both scales.

For these seven common stars the angular diameters
known from Hanbury Browa et al. (1974) and their fluxes
have been used for another estimation of Teff‘

The cbserved fluxes.corrected for iﬁterstellar
extinction were extrapolated towards the ultraviolet and
to the infrared using the fluxes of the best fit model
(kurucz et al. 1974). The wide spectral range fluxes
so derived were integrated and Teff(ang. diam.) are listed

in Table 19.

TABLE 19

~ For stars of known angular diameter

iI-‘efz
o Tese Tepe(9)
(angular diameter) (Code et al.1976b)

34085 a 11700 X 11550 X
35458 20500 " : 21580 "
37128 23500 " 24820 "
38771 24600 " 26300 "
58350 13200 " ! 13310 "
87901 12500 " fetel [l

102547 8600 " 8850 "
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In this Table the effective temperatures T ,.(9)

- fouhd by Code et al. (1976b) are listed as well. From
Tables 17 and 19 it can be seen that the agreement between
Teff(ang.diam.) and Te££(9) is better than Teff(ﬁ) and
Teff(9) for the hot stars. The discrepancy between Te££(1)
and Teff(ang.diam.) may be related to non-LTE effects
(Nandy & Schmidt 1975) as it happens for the hottest stars
of the sample.

It has also to be emphasised that the T _p.(1) scale
was determined using ultraviolet fluxes no shorter than
1350 ®. But it has been found that the flux emitted
by the very hot stars in shorter wavelengths becomes
appreciably large. Code et al. (1976b) have calculated
that for T pp~12500K the Fflux for A< 1100 B is less thanl
1% of the total flux whereas for Topf 35000K it is ~35%
of the total flux.

The derived Teff(1) for stars with spectral types
earlier than 09 are much lower than expected for their
spectral type. Therefore the derived values were considered
meaninéléés and are not listed in Table 17. Similarly |
cool effective temperatures are indicated by ultraviolet
flux measurements of the essentially unreddened O stars
15 Mon (d?) and SPup (05) (Stecher 1970, %oksenberg et al.
1973) but these ultraviolet temperatures are unfortunately
rather sensitive to any small amount of redﬁening that
may be present. |

The dereddened colour index (1910 - V)O has been

chosen by Lesh (1976) as a temperature indicator. This
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suggestion was made by A.D. Code because this colour index
is not strongly affected by lines or continuum edges.
Lesh (1975) has used Tapp for stars with (1¢10 - V}Q<Q

and spectral types .earlier than A2 and the least scua:

H
0]

line fitting through the data points has the expressi

O
>

@eff = 0.565 + 0.111(1510 = V)

where

Qepe = 5040/Tgpp

Fig. 84 shows the dereddened colour index (1520 - Vs
available from observations presented here and the derived

‘expression is:

Q opp = 0-556 + 0.106(1920 - V)

Comparing the last two equations it is obvious that the
two temperature scales are very competitive.

The derived Terp for the observed stars against
MX spectral type are shown in Fig. 85 and Tap against
the parameter Q where Q = (U -~ B) - 0.72(B - V) are shown

in Fig. 86. T derived by Johnson (1966) and by Schild,

eff
Petefson & Oke (1971) are also plotted in these diagrams.
It can be seeﬁ from these diagrams that supergiants are
sepafated from the main sequence stars. The differénce

in temperature for stars having exactly the same spectral
type can be explained as partially due to the differences
in gravity or extinction since both are not known precisely,
In some cases like the star (HD 33988, B2V) which shows a

large value of Topgp this cannot be explained as a gravity

or extinction effect. This can possibly be explained if
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we assume that.the photometric error is'very high or it is
a wrong identification or it is not a normal star or the
spectral type B2V taken from Blanco et al. (1968) is wrong
for that particular star. It rather agrees with a BO
spectral f&pe. It must be considered that Underhill (1977)
pointed out "The Be and shell stars which appear to have
UV spectra gorresponding to earlier types, when examined at
high resolu£ion from the ground do have earlier types than
the MX type. For instance, in 1952 I showed 3JTau was
about B1 rather than B4 as given by MX type".

G)eff versus Q has been plotted in Fig. 87 and compared
with the diagrams of Figs. 85, 85. This seems to be a
better presentation for the different luminosity classes
becausé it forms more distinctive curves. For supergiants
with Q<0.3, @ _pp can be identified with a straight line.

From_the diagrams of Figs. 85, 86, 87 it is clear that
_giants are cooler than main sequence stars of the same
spectral type. Such différences have been pointed out
in Chapter IV where the observed luminosity effect is

discussed.
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Fig. 84. Temperature distribution for the dereddened
colour index (h11920 - V)O
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= 0.8 - 0.4 qO CQ

Temperature distribution for hot stars. Filled
circles for supergiants, triangles for main sequence
stars, solid lines show temperature from Johnson

(1966) and Schild, Peterson & Oke (1971)
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Q
Fig. 87 Temperature distribution for hot stars. Filled

circles for supergiants and giants, triangles for
subgiants and squares for dwarfs.
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VI CONCLUSIONS

VI 1. CONCLUDING REMARKS

al The d:c. ratiometer (commercial by Brookdeal) used

for the first time in asfronomy has shown very good results
in facing %he major problems (the elimination of the stellar
scintillation changes in atmospheric transparency, and
guiding errors) of conventional photoelectric spectrum

scanners. Spectra taken with it have proved its good

performance.

b The deficiency in the ultraviolet flux of early type
giants and supergiants relative to that of the main sequenée
stars decreased going to later types and there is a crossover
at B9. Intrinsic (B-V) values of the giants and supergiants
are less negative than for the corresponding main sequence
stars (Fig. 25) that gives small positive values of A m

at the B photometric wavelength. This, together with the
positive slope of the Amnm vs 1/} curve in the ultraviolet,
gives the impression that the same effect is present for

the whole spectral region observed and supports the
interpretation that the luminous B stars are intrinsically

cooler than the main sequence stars.

O The lines at 1550 2 and 1400 ﬁ, predominantly due to
CIV and SiIV respectively, appear more strongly in giants
and supergiants than in the corresponding main sequence

stars for the spectral range BO to A2 discussed so far.
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s The B-type giants and supergiants studied show
stronger absorption near 1920 2 than the correspondin

main sequence stars.

e. The 1720 & feature [NIV (1719), CII (1720 - 1722),
A1II (1719 - 1725)] first reported by Underhill et al.
(1972) is present in the B-type giants and supergiants
studied here; it is generally weaker than the 1520 2
feature and seems to be sensitive to luminosity. More
than a year after these results have been established

a papér appeared by Code & Meade (1976) coming to the

same conclusions.

£e The structure in the;&m'zg 1/} curve near 1920 8,
1720 R, 1550 8 and 1400 2 appears to be superimposed
upon an additional Am component, which increases progressively

towards shorter wavelength..

Je The continua of the observed spectra (1392 & to
5556 R) have been compared with synthetic spectra Ffrom
Kurucz, Peytremann & Avrett (1974) blanketed model .
stellar atmospheres. Assuming log g = 2 for supergiants
and giants, log g = 3 for subgiants and log g = 4 Ffor
main sequence stars a temperature scale has been derived
for B and early A spectral type stars whigh agrees fairly
well with previous determination by otherlworkers.

| The derived Tapp for stars of the samg spectral type
but different luminosity class have deviations up to
3000K for the very hot stars. These deviations become

smaller as we go to cooler stars.
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h. The dereddened colour index (M1920 - V), is a good
indicator of the temperature scale, for the studied spectral
range, and it was found to be in very good agreement with

that found by Lesh (1976):

geff = 0.556 + 0.102(1-.1192O - V)O (Kontizas 1977)
Qeff = 0.565 + 0.111(M1910 = Wy (Lesh 1976)

1. The differences in Tope for stars having the same
spectral type but different luminosity can be seen very
well in the © vs Q diagram. For the supergiants with
Q& Q.3 the temperature can be presented as a straight

line.
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V1. 2 SUGGESTIONS FOR FUTURE WORK

The observations presented here extend previous
photometric and spectrophotometric observations. The
suggestioﬁs made for the luminosity effect are still based
on a not very large selection of stars and do not cover
all the poésible spectral types and luminosities for the
early type stars.

Observations with higher resolutions are worthwhile
making for a better estimation of the surface gravity.
Higher resolution spectra are also needed for the very hot
stars (O spectral type) where the observed portion of the
spectrum is #ery little affected by temperature changes.
The fundamental atmosphere parameters Tapp? surface gravity
and abundance have to be extracted from the line spectrum
H, Hel and HelIl available for the analysis.

It would be interesting to make a further investigation
of the spectral lines in the ultraviolet (1410 &, 1550 &,
1620 8, 1720 & and 1900 R) for a better study of their
sensitivity to spectral type and luminosity.

More elaborate models are suggdgested where departures
from LTE have been indicated. This is especially important
for stars with high temperature and low gravity.

It is worthwhile making comparison of the observed
spectra with stellar models where Carson's new radiative

Opacities are adopted.
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APPENDIX I

In Table 20, data for the stars used in Fig. 21, 22,
23, 25 to show the luminosity effect are listed. Columns
1 and 2 give the HD numbers and the names of the stars.
Columns 3, 4, 5 and 6 give the MK spectral type, the V
magnitude, B-V colour index and EB—V colour excess
respectively. The energy distribution for these stars

is given in Table 21.
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HD

37128
75821
149438
36512
64760
40111
122451
37209
52089
175191
132200
53138
51283
120315
58350
209952
34085

213998

94367
161868
197345
215789
156882
205021

. 686
3360
2180l5

Star

e Ori

T Sco

v Ori

139 Tau
B Cen

€ CMa
o Sgr
ﬁ Cen

o CMa

UMa
CMa
Gru
Ori

3 mm Q 3 3

Agr

Oph

Cyg
Gru

g <

m

Cve
Cep
Peg

Cas

Q N <X ™ >

Peg

TABLE 20

Observed Stars

MK Type

B0Ia
BOIII
BOV
BOV
B1lIb
BlIb
BI1IT
B1V
B2II
B2V
B2V
B3Ia
B3II-IIT
B3V
B51a
B5V
B8Ia
B8V
AOTa
AQV
" A21a
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st
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.60
25
.82
.61
.70
<50
+10
<12
<05
.28
.86

.73
£ Ly
.02
.28
.76
.26
.48

.92
.18
.83
SO
.lig

-0.19

-0.21.

-0.25
-0.26
-0.15
-0.08
-0.22
-0.23
-0.22
-0.21
-0.22
-0.08
-0.19
-0.20
-0.07
-0.13
-0.03
-0.09
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TABLE 21

Normalised Fluxes (Flux (V=0) = Da= 10—12 erg cmngsec"l -

HD = 37128 :© HD = 75821 HD = 149438 HD = 36512

1 <
-j. (}L'n ) D\;\ - Dy, D)‘ _ Dl
7.246 .89854.1 142498.6 189351 ,3 208979.8
Deld3 e T0453.0 124759.3 168452.3 198018,6
7.042 80131.6  121147.6 163827.1 188807.8
5944 80920.2 12653345 171846.7 187219.9
4.849 77812.7 123675.2 170617.5 184937.3
5,757 76945 .6 119253.8 164595.8 181540.3
£.667 75180.5 116479.6 157670.1 174611.5
6.5T 67071.7 104412.0 149749.6 165235,2
6,494 52741.5 81097.9 135471.8 141113.0
6.410 . #52738.3 78859.6 123745.0 130870.7
6.3 60155.2 89930.7 130687.9 137286.0
6.250 56443.2 80394.8 128713.4 130037.6
6,173 52657.1 74979.4, 122574.1 - 123898.5
6.098 56944,.2 85247.0 TOLBLY T 128849.1
6.024, - 63069.8 89733.2 131048.,1 133320.7
5.952 66751.7 92043.8 133792.7 ST
5.882 64304.0 87350.5 131688.9 132915.8
5.814 61907.0 83774.2 125322,3 130555, 2
S5 T47 i 591 28.5 78028.8 112109.2 121148.2
5.618 58385,2 79432.2 100619.8 109518.1
5.556 56940.3 75382.5 97968.3 104657.2
5.495 55729.9 T72939.3 95269.8 102555.4
5+435 54707.0 71934.6 92009.7 99935.7
5.376 52320.9 67018, 2 87037.3 97696.7
5.319 50564, 2 64009.5 85249.6 9375542
5.263 48782.1 61686.6 81390.7 © 90498.8
5,208 — =4 7682,4 58259.2 77258.6 8.4682.2
5,155 47345.5 60778.1 74719.7 82396.6
5.102 46730.1 58652.0 - 73998.6 82775.4
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A\

HD = 37128
1 il
= ( pm™) |
A fL \ QA
5.051 - 46549.6
5,000 4L6063.1
4,950 46014.2
4,902 45160.8
L.854 43415,2
4,808 42193.7
4. 762 41941.7
LJT17 42135.6
4.673 LXT2L.5
4.587 40212,1
T s 40115.1
£.505 "40317.5
LSABD 38779.4
4o d25 38170.2
4,386 37177.3
L.348 35791.5
4,310 35538.5
LT 35685.1
4.237 35150.3
4,202 34069.1
4.167 33287.6
4,132 32711.0
4,098 1 32273.4
4,065 31909.3
4.032 311333
4.000 30313.0
3.968 . 29408.6
3.937 28157.0
3.650 19272.2

TABLE 21

(Contd.)

Normalised Fluxes

HD = 75821
DA

60594.2
60743.9
57862, 2
55104.0
56354.1
51855.9
50774.0
52669.8
54939.2
47683.2
£49775.0
45876.9
47281.3
47480.9
44395.0
42246.3
-41999.9
41917.4
£1564.0
38774.1
37941.2
37907.2
37867.1
36764.5
35462.6
33294.3
32291.4
33202.6
29804.6
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HD = 149438
D\

72583, 2
70892.6
68376.7
66334.2
63941.0
61768.2
60236.2
58769.8
57690,7
53401.3
52998.7
53175.7
51028.6
50093.8
48932.8
46759.2
L6088 .6
46090, 4
44982.5
43612.8
42304.5
£1373.0
40845.9
40452.9
38710.7
37008.8
35914.3
34409.9
227/1.9

HD = 36512
DA

78333.2
77160.3
76138, 2
72572,5
69570.9
67977.3
65544.0
65983.7
66860, 3
60075.0
58676.8
57546.4
55634.9
55696.9
54883.5
51796.4
49996.3
48870,9
48475.0
47304.6
45082.6
43880.7
41926,2
41867.4
42137.2
39407.9
39208.3
38525.8
25504.8
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TABLE 21

(Contd.)

Normalised Fluxes

HD = 64760
h

63144.3
74317.0
751324,
79730.2
80366.8
78231.2
73361.6
61976.4
49066,7
50213.3
54853,5
53538.2
49872,0
55718.9
60016.1
64059.6
58301.9
53573.2
55998.7
54250,3
53326.0
51269.,9

49797.2 .

46027.8
42913.3
40687.0
39811.8
392577
39501.6

HD = 40111
2

53200,2
48716,3
£9248.7
51448.8
52734.8
51256.3
48368.3
41818,/
37367.0
35257.5
38650.0
37065.0
34289.7
38189.5
£1558,1
44036.6
38269.1
SFPVLT T
39335.0
36080, 2
35035.6
33474.0
31997.8
30634.4
28757.7
26631,/
24427.6
23047.0
22719.1

184

HD = 122451

5

70327.0
65830.6
648248
68565,3
70302.0
69962,0
68417.2
90741.5
101069.7
79599.9
79422.1
76110,7
72689,1
77426.8
83416.7
84752.7
78176.4
72483.6
72327.5
56042.7
55631.5
54821,7
52417.3
49005, 2
16721 .4
44084.9
42079,0
£1508.,9
L1714.7

.HD = 37209
Dy

140225,0
119884.3
115250.9
124636.3
126122,6
117527.4
111089.7
99692.3
86433.6
85701.9.
90081.7
85198.5
85718.0
91014.8
98241.7
98465.3
88770,7
87151./
779745
72226,3
69840.8
67782,2
68640.9
62083.9
59763.4
60704.2
55800. 4
52777.2
50728.6



5,051
5.000
4,350
4.902
4.854
4.808
%762
Lty
4.673
A
4,545
4505
4o l64
L.425
4.386
4.348
4.310
L@l
4.237

4 .167
4.132
4.098
4.065
4.032
4.000
3.968
3.937
3.650

TABLE 21

(Contd.)

llormalised Fluxes

. HD = 64760
Da

40285.7
39991.6
. 41198. 4

39160,2

36918.9
STLLT
©37179.5
38817.7
36781.3
36557.2
37490.1
36917.3
35798.8
36410.5
34955.8
33570.5
33809.9
33932.6
32950.3
32339.4
32193.0
31579.2
30500.6
31315.4
29912.6
283651.6
26551.6
26649.9
19190,0

HD = 40111

D2

23356.6
22884.6
21888.0
© 20878.9
19321.6
19763.1
18129.7
19541.2
18671.4
17894.7
19498.6
19437.8
18430.7
18685.6
19126.5
18223.5
17561.9
20462.8
18956.1
19467.2
19927.8
18933.9
20895,2
19859.8
20283.4
19949.9
19307.4
18792.9
14623.1

185

HD = 122451
Da

41930.7
41391,1
£1964.2
L1275, 4
39753.2
38866.9
38728.6
39333.3
39359.9
38317.3
38440.2
I81L77.9
373776
36634.9
36048.2
35074.2
34057.4
33560.6
33213.7
32440.6
31720.0
30937.0
30247.2
29936.2
29330.7
28249.9
27651.0
26328.4,
11173.0

HD = 37209
D3

50884.9
L9775.7
49362.0
47196.0
48640.8
47079.6
© 45100,1
45191.8
LL232.5
43851.6
43557.6
LL2LT T
39782.7
39211.9
38695.4
375317
37379.8
35981.4
35745.9
32752.0
31784.8
:31922.0
324719.7
31322.6
28783.2
28557.3
29511.1
27601,0
19533.7



TABLE 271 (Contd.)

Normalised Fluxes

.HD = 52089
Dy

76823,2
63670.9
- 63803.2
71024.1
70075.1
65494.3
61098, 3
54239.1
47823,5
47828.2
51399.9
51349.1
52741 .4
58047.5
61814.7
61670.3
.56954.8
53435.5
52771.0
48161.9
48159,2
47730.1
43980.4
401256.0

37751.1

34840.9
S8l 1.1
32813.6.
33901.5

HD = 175191
Da

75987.2
wlL482.0
“T2495.1
74136.2

el 5326.5
wd2552,2
69001, 2
64590, 2
62014,8
61795.2
62696.4
59734.9
57571 .4
60136.0
64395.7

64542.3
62780.2

60084.2
574L48.1
46011.5
47407.8
46909, 3
45403.4
42165,1
41159.5
39721.9
38040.8
36701.6
37366.6

186

HD =-i32QpD HD = 53138

Da

87485.5
80131.4
78207.0
81318.9
81160.0
77493.9
73100.6
66932, 2
62437.8
62288,/
62804.3
60926,8
61179.5
63485.1
67049.0

66425.4
63361.2

60773.5
5151 .2
52275.4
51386.4
50323.8
47876,3
LALL69.T
43197.4
41206.1
39437.2
38386,0
39102.0

Dy

23093.3
204541
22354.5
24632.9
25920.4
24498.7
22259.,6
19898.5
18289.8
19342.2
20583.7
20125.9
20639.8
22239.0
234244
23679.4,
21905.9
19596.8
18987.9
18144.2
19381.9
19782.3
17903.5
15079.3
14461.1
13446.9
12355,7
12334.8
13298.0



TABLE 21  (Contd.)

Normalised Fluxes

HD = 52089 HD = 175191 HD = 132000 HD = 53138

le (pm 1 Dy Dq Dy D,
5.051 34366.4 36795.2 . 38647.7 14298 .8
5.000 34681.6 36157.0 38144.3 14700.8
4.950 36067.8 36007.2 37222.9 15472.8

. 4,902 34809.0 34659.1 37132.1 153752
4.854 34530.4 34051,0 35070.5 15061.8
L.808 33715.1 32846.3 34023.1 14541.0
4.762 33787.5 32358.2 33032.6 . 14667.9
L7 35551.9 32358.2 33106.0 15932.3
4.673 35818.9 33259.4 33710.4 16446.9

. L.587 = 35403.3 30020.9 31602.0 16813.6
4.545 35925.1 30252.0 32104.6 17211,5
4.505 35572.1 20653.7 30903.5 10807.4
YAWAIA 34654.1 29297.8 30312.5 5949.0
Ayedi25 343540 28733.0 - 29809.8 16433.9
4.386 34471 .5 28382.6 29300.4 16770.7
4,348 33467.1 27614.2 28692.5 16789.0
4.310 32504.6 26861.7 28217.6 16314.8
LoDl 31986.3 25573.4 26926.,8 15620.0
4.237 31516.0 24966.,2 25880.9 . 14842.4
4.202 30924.2 24533.5.« 249/8.7 14508.6
4167 30260.6 23989.4 25159.0 14793.9
4.132 29506,8 23032.3 4 25192:5 15001.2
4.098 - 29094.7 22870.3. 242443 15293.3
4.065 28685,6 22070.4 - 23685 3k v 1501443
4,032 27681, 4 21609.5 23294.8 14487.9
4,.000 26787.0 20953.5 22211,8 14082,2
3.968 25999, 2 20243.7 21187.3 1341C.3
3.937 2(944..1 20568.4 28722,8 12677.6
3.650 17666.3 13610.0 - 14810.4 , 10886.9
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HD = 51283

Da

50656.6
46920.3
4'7008.0
50430.9
51736.9
£9896.0
446464,
£40039.8
37052.1
35327.5
38961.5
31WTLS
38153.0
42870.9
43698.1
43666,1
38949.6
26822.8
-3667.5
20575.7
30407.0
35305.6
26407.1
299344,
32410,2
29/414.3
17774.4
32640.8
40472.8

TABLE 21 (Contd.)

Normalised Fluxes

HD = 120315
Dy

55164.7
56300.3
55661.3
57169,0
57651, 2
55582.3
52493.0
50017,
483874
48383.5
489086
46276.1
44800,5
47025.3
486306
48333.9
46925.6
448146
42575.3
36326.8
37733.2
37353.0
35537.6
33824.4
33051.6
320944
31290.1
30142.0
304447

188

HD = 58350
i

12971 2
14127.3
16007.5
17966.3
18525.6
17385.7
16275.3
14931.4
13602,2
14136.5
15325.2
14683.6
14760.2
16293.5
e
17045.7
15528.7
14231 -2
13431.0
13971 .0
15149.6
15432.1
13940.2
11953.0
12067.9
11525.5
10817.8
11039.3
11656.9 -

HD = 209852
Da

20204.5
28534.7
28418.9
23313.3
30044,

28958.1
27794.9
27076.7
26320.3
26338. 4
2599759
25037.0
24600.,0
25048.6
25507.1
25822.8
25126.5
23656.7
22992,3
20819,2
20876.9
21071.5
20345.1
19184.9
18945.6
18691. 4
18316,1
18137.7
18154.5



So-

(pmt)

5.051
5.000
4,950

4.902 -

4.854
4.808
4.762
4,717

- 4.673

- 44587

4545
4,505
VAATA
4L.425
4.386
4.348
4,310
Lo 274
4.237
4.202
4,167
40132
4,098
4,065
4.032
4.000
3.968
3.937
3.650

\HD = 51283

)
i

D2

23265.6
17425.9
23335.2

.31651.1

19421.1
20179.0
2016.5

.22836.2

19713.3
16969, 2
27134.6
23648.8
22832,9
24962 ,0
32654.4
21643,1
17108.0
22447.5
17689,9
20790.6
16557.5

17170.6

198249
19267.9
23503, 2
23123.1
10635.4
13078.2
14665.5

TABLE 271 (C

Normalised Fluxes

ontd,)

HD = 120315
Da

29888.9
29150.9
29021.,3
28275.5
27289.1
26621.8
26336.0
26138.8
26775.0
24440.0
24818.8
24297.3
23735.1
23344.3
22919.9
22755.9
21753.2
21090, 4
204244
19910.3
19308, 2
18986.1
18717.0
18169.1
18081.3
17521,3
17144.0
17105.4
11416.7

189

HD = 58350
Da

12396.3
12005.0
12811.3
12726,7
12408.5
12755.0
13032.8
13592.4
14368.2
13685.7
13923,1
14053.1
13058, 2
13332.1
13775.4
13744, 2
13476.9
12556.7
12045.5
11823.3
11840.0
11929.7
11999.4
11909.1
11535.4
11418.4
10912.6
10506.7

HD = 209952
R

18038.7
17335.2
16991.1
16792.0
16181.8
15985, 2
15631.1
15552.9
15418.3
14682,6
14672.2
14278.4,
13863.6
13532.8
13477.8
13300.7
12734.3
12022.9
11519.4
11198.4
10957.2
10972.8
10906.5
10695.3
10725.0
10576.8
10006.5
9814.3




\HD = 34085
3 (pnh) i n
7,246 8643.1
7.143 8800.3
7.042 9427.2
6.944, 10294.7
6.849 111860
6,757 11030.3
6,667 10516.6
6.579 10390.0
64494, 10116,2
. 6,430 10108.5
6.329 10417.3
6.250 10528.8
6.173 10182.1
6.078 10363.4
6.024 11158.4
5.952 11609.7
5.882 11122.5
5.814 10398.2
54747 9686.9
5.618 9690. 2
5.556 10368.1
5.495 10597.3
5.435 9845.0
5.376 9006.8
5.319 8874.5
5.263 8743.
5.208 8546.8
5.155 8657. 2
5.102 9010.7

TABLE 21 (Contd.)

Normalised Fluxes

HD = 213998
Da

13557, 2
13616.8
13427.1
13531.7
14251.3
- 144347
14186.4
13300.9
- 12804.4
12513.8
12313.7
12294.7
12226.4
12347.6
14930.0
13408.6
11930.5
11336.5
. 10942,2
10965.0
11013.6
11528.8
11239.4
10803.1
10948.3
11255.0
10295.3
10133.5
10692.6

190

HD = 94367
Dy

1638.4
1881.6
2035.2
21/1.8
2688.4
2410.6
2427.2
2532.4
2447.3
1995.0
2153.7
2295.8
1748.1
1569.7
2594.6
2554.6
2587,1
2103.7
13601
3968.8
5032,6
3543.8
2817.9
2382.5
3790.2
3982.4
2702.9
3110.3
2787.7

HD = 161868
Doy

2109.4
2009.9
2526.1
3025.8
3401.5
3395.8
3753.3
3591.0
3841.7
3723.9
3546.6
4062,5
4402,0
L4149
4405 .6
4545.3
4890, 4
4482,1
3938.3
4823.7
4780.5
4391.3
44847
4373.7
4134.5
4216.1
4209.9
4264,.,6
4132,2



\ HD = 34085
% (!1m l) i Q}
5.051 9319.5
5.000 9115.5
4.950 9190.1
4.902 9274.6
L8514 9028.7
4.808 9027.2
4.762 9117, 2
4,717 9233.6
4,673 9282.9
v 58T 9173.6
L 545 9158.3
4,505 9000,8
YRVACIA 8639.6
4125 8614.6
4,386 8724.7
L.348 8801.6
4.310 8375.9
o7 7769 .4
4.237 27,2
L2002 2124
4,167 7232,5
4,132 . 71343.7
4.098 7503.8
4.065 7504.5
4.032 7453.8
4,000 AL L
3.968 6970.8
3.937 6689.3
3.650 -

TABLE 21 (¢

Normalised Fluxes

HD = 213998

Dy

10382.6
19981.6
10063.9
9625.7
9758.6
9089.9
9632.5
8955.7
9005.0
8311.4
8472.1
8330, 2
8258.8
8214.8
7973.0
7701. 4
7402.0
6788.8
6209.8
6118.7
6288.1
6612.0
6433.0
6540.8
6271.6
6076.7
5758.6
5795.7

19

ontd.)

HD = 94367

Da

2239.6
2079.6
2749.0
3094.4
2753.2
2516.2
2180.0
3020.9
2191.0
2555.2
2157.5
2050.5
2598.3
2444, 8
2764.6 -
2980.9
1965.9
2157.6
2578.9
2216.0
2117.1
2219.5
2218.9
3200.5
2649.9
2828.6
2741,2
2761.0
3303.5

HD = 161868

Dy

4331.8
4148.3
3958.3
3817.1
4006.1
4158,0
4169,2
3998.6
32,7
3620.5
3762,7
3837.8
3644,.2
3845.3
3667.9
3641.8
3446.6
3337.3
3363.5
3114.4
3036.1
3036.6
3038.4
3068.4
2967.0
3036.3
2842.1
2778.8
2824.0




o[-

(pm)

7.246
7.143
7.042
6.944
6.849
6.757
£.667
6.579
6.494
6.410
6.329
6. 250
6.173
6.098
6.024
5,952
5.882
5.814
5.747
5,618
5.556
5.495
54435
50376
5.319
5,263
5.208
5.155

. 5.102

TABLE 21 (Contd.)

Normalised Fluxes

HD = 197345
Dy

506.9

582.3

618.3

704.8

847.3

924.7
1062.4
112157
1081.9
1034.8
1120.9
1175.5
1112.3
1054.3
1141.6
1281.1
1194.3
1294.6
1437.1
1673.8
1929.6
19717
1712.6
1583.4
1517
1857.3
1952.5
2087.2
2242.,5

302

HD = 215789
Dy

184.9
276.7
232.7.
377.1
345.2
286.3
3122,
370.0
483.5
63444
785.1
876.6
1035.4
E121.5
1169.8
1224,2
1213.9
1439.4
1382.0
2376.5
2514.2
2674.1
2368.7
2453.0
2567.6
2458,2
2177.8
2477.9
2598.5



L

( pm ")

5.051
5.000
4.950
4,902
4.854
4.808
4,762
4,717
4,673
4.587
4a545
4.505
4 o464
4o 425
44386
4o348
4.310
L.274
4.237
‘!#a 202
4,167
4.132
4.098
4,065
4.032
4.000
3 -968
3.937
3.650

TABLE 21 (Contd.)

Normalised Fluxes

HD = 197345

Dy

2228.1
2061.,6
1926,3
1912.5
1949.5
2009.5
2076.3
1856.9
ATTL3
5750 O |
1820.4
1748.7
15357
14710
1591,.6
1676.7
1568.1
1396.9
1288,0
1226.8
1238.8
1381.,9
1447.9
1504.5
1578.6
1430.4
14222

193

HD = 215789

Dy,

2/17.9
2503.8
2561.9
2332,3
2144.6
2055.2
1920.8
2057.9
2143.6
1608.7
1499.9
1685.3
1300.1
1399.5
1660.7
1361.9
1269.2
1113.1
1017.5
1082.3
1060,7
933.6
122557
1359.5
1047.6
« 1017.9
1362.5
1336.8




(Contd.)

TABLE 21

HD = 186882 HD = 205021

Wavelength

! Observed Corrected

i

Corrected
mA (V:O)

Observed

i -1
2 (fLm )

~mq (V=0) my (V=0)
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HD = 218045
m} -{\T':O} lTl_a (V:O)

(Contd.)
:O)

HD = 3360

TABLE 21
O) ITIA (V:O) m;‘ (V:O) m-a (V

HD = 886

i

m) (V

\

Observed Corrected Observed Corrected Observed Corrected
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APPENDIX Ll

In Table 22 the observed stars used for the derived
temperature scale are given. Columns 1 and 2 give the
HD number and the names of the stars while the V magnitudes,
B-V colour indices and spectral types are listed in
-Columns 3, 4 and 5 respectively.
Table 22 gives the magnitudes, observed and corrected

Ffor interstellar extinction, normalised to V = O.
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(3]

WMo
= O W~
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Ul W

(&%)
[=)}

P = 0% [ WS S ¥
- O W -

[ g Y Y g
OO oO-10U &= W

HD

15318
18326
24398
24431
24760
30614
31327
32249
33988
34085
35468
36371
36512
36879
37128
38771
40589
42087
43384
45910
46149
47240
47839
52382
53367
54662
58131
58350
66811
77581
79186
87734
87901
91316
102647
149438
152614
155763
160762
164353
176437
182255
188209
188260
195810
197345
214993
218376
222173
224572

TABLE 22

Stars

observed

1

(@3]
W= JH P40 R 3

ot

==
QRN O W

Name

E2

C

<K< & Q0o

=M

5

™3

Cet

Per
Per
Cam

Leo
Leo
Leo
Leo
Sco
Ooph
Dra
Her
Oph
Lyr
Vel

Vel
Del
Cyg

Lac |

Cas

And |

Cas

1.97

\’f

4.27
7528
2.83
6.72
2.88
4.38
6.06
4.80
6.88
0.08
1.63
4.75
4.60
1258
1.70
2.04
6.05
5.76
6.28
GialT
7.58
6.15
4.66
6.48
6.0
6.21
7357
2.47
2525
6.88
5.00
3.565
8.14
3.85
2012
283
4.37
351
3.80
3.97
3.23
5.18
5.6.3
4.57
4.04
125
D
4.88
4.28
4.58

B~V

-0.05
+0.38
+0.13
+0.,37
-0.17
+0.02
+0.41
-0.20
+0.25
-0.03
-0.23
+0.30
-(0.26
+0.20
-0.19
-0.18
+0.25
+0.20
+0.44
+0.33
0177
+0s 15
-0.25
+0.20
+0.43
+0.03
+0.34
-0.06
=028
+0.56
+0.20
-0.02
-0.11
-0.14
+0.09
-0.24
-0.09
~0l-11
-0.17
+0.02
-0.04
-0.12
-0.07
-0.06
-0,12
+0.09
-0 12
-0.02
~0.10
-0.06

Sp.Tp

B9III
o8V
B1lIb
o9V
BO.5V
09.5Ia
B2Ta
B2V
B2V
B8Ta
B2TIT
B51a
BOV
06V
BOIa
BOIa
B9TIa
B2.51a
B3Ia
B2IIT
08V
B1lIb
OFIET
B2.5Ia
BOIV
06V
B2V
B5Ia
o5V
BOIa
B3Ia
AOTIa
BTV
B1TIb
A3V
BOV
B8V
BIrIET
B3IV
B5Ib
BOIII
B6IITI
09.5T TIET
BOTIIT
B6IIT
A2Ta
B2IIT
BOIIT
B8V
B1V



TABLE 23

Observed and corrected for interstellar extinction, magnitudes

b

% |
Wavelength ' HD = 15318 HD = 18326 HD = 24398
1 1 Observed Corrected Observed Corrected Observed Corrected
= (pnr)
bYs my (V=0) my (V=0) my (V=0) my (v=0) my (V=0) m, (V=0)
W 0.000 0.000 0,000 0,000 0.000 0.000
: -0.296 =0,300 -0.104 -0.380 -0.240 -0.380

~0.434 =0.440 _ -0,139 -0.560 -0.287 -0.500
~0.552 =0.560 0,148 =0.700 -0,360 -0.640
-0.601 -0,610 _ -0.180 -0,780 -0.390 -0.690
-0.730 =0.740 -0.136 -0.860 -0,493 -0,860
-0.789  -0.800 -0.141  -0.900 -0.515 -0.900
-0.828 -0.840 -0,118 -0,960 -0.573 -1.000
» - -0,039 -1,060 -0.682 -1.200
(- & ~0.044 -1.120 -0.734 -1,280
= > -0.028 -1,160 —0,746° =1.320
- = -0;067 =1,240 -0.785 -1.380
-0.046 -1.260 20,624, =1,44D
= = - =0.044  -1,300 -0.843 -1,480
-0.07  -0.070 0.019 .-2.120 -0,735 -1.820
-0.318 -0.360 ~0.330 -3.200 -0.944  -2,400
-0.276 -0,320 _ -0.300 -3,100 -0.887 ~2.420
-0.440 -0.500 0,705 ~3,400 -0.438 -=2.520

- L] L J
NN OO0 M0V IINIWOHEON M

L] L]
ocn.nb—immqumoxommomo_\nowOmhxoooOo
I
1

L]

-

AR PEPWOPDMDMODPDPDMDONDND MDD
- . 8 @ . ® @ . » .

Lo -0.537 -0.600 0.867 -3.480 -0.435 =2.640
Lo -0.701 -0.760 0.235 -3.850 -0.618 -2.690
S -5.503 Ve - - e -

5:3 -0.833 -0.880 -0.816  -4.080 -1.285 -2.940
6.0 -0.953 -1.000 -0.871  -4.100 =1.604 -=3.2/0
a7 -1,032 -1.080 -0.888  -4.200 1,720 -=3.400
6.8 -0.991 -1.040 -0,733 -4.100 ~1.752 =3.460
ol -0.889 -0.940  -0.767 -4.300 -1,738 -3.530
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TABLE 23 (Contd.)

Wavelength HD = 24431 HD = 24760 HD = 30614

: ( 1 Observed Corrected Observed Corrected Observed Corrected

= m_)

A = my (V=0) mq (V=0) my (V=0) my (V=0) m, (V=0) m, (V=0)
1.80 0.000 0.000 0.000 0.000 0.000 0.000
1.990 -0.066 -0.200 -0.138  -0.160 -0,108 -0,180
2.00 ~0.132 -0.,400 -0.276 0,320 -0,216 -0.360
2.10 -0.292 . -0.700 -0.453 -0.520 -0.281 - -0.500
2.19 -0.264 -0.800 -0.572  -0.660 0,412 - 0,700
2,22 -0.257 -0.840 -0.710 -0.800 -0,507 -0.820
2:35 -0.237 -0.940 -0.845 -0,960 -0.642 -1,020
2.40 -0.223 -0.960 -0.879  -1,000 =0,70% = ~1.100

REL8 -0.203 -1.020 -0.766 ° -1.080 -0.801 -1,240
2,70 -0,108 -1.100 ~-0.997 -1.160 -0,847 -1.380
2.75 -0.075 -1.120  -1.028 -1.200  -0,958 -1.520
2.80 -0.061  -1.160 -1.080 -1,260  -1,060 -1.650
2,85 -0.041 =1.180 -1,133 -1.320 -1.068  -1.680
2.90 -0.041  -1,220  -1.186 -1.380 -1,116 -1.750
2.95 -0.041  -1,260 - - -1.145 -1.800
3.65 -0.003  -2,080  -1.740 -2.080  -1,184 -2.300
4.00 0.387 -2.400 -1.943 -2.400 -1.403 -2.900
4,06 0.375 =2.560 -2.118  -2,600 -1.383 -2,960
4?2 0.986 -3.000 -2.146  -2.800 -1.158  -=3.300
4457 1.041 -3.180 =2,207 =2.900 1,092 3,360
4.@3 0.666  -3.300  -2.409 -3.060 -1.349 -3.280
5.38 -0.131  -3.300 -2.840 =3.360 -1.937 -3.640
6.02 -0.304  -3.440 -3.205 -3.720 -1.995 -3.680
6,71 -0.490 -3.700 =3.472  =4.000 =2.272  -4.000
6.85 -0.411  -3.680 -3.503 -4.040 -2.203 -3.960

7.81 -0.420 -3.850 -3.637 -4.200 -2.287 -4.130
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TABLE 23 (Contd.)
Wavelength '\ HD = 31327 HD = 32249 HD = 33988
. Observed Corrected Observed Corrected Observed Corrected

1 - I
3 M my (V=0) my (V=0) my.(V=0) m, (V=0) m, (V=0) m, (V=0)

1.80 0.000 0.000 0.000 0.000 0.000 0.000
1.90 -0.022 -0.140 -0.152 -0.160 0,020 © -0,120
2,00  -0,08, -0.320 -0.324 -0,340 -0.080 -0,280
2.10 -0,100 -=0.460 -0.576 ~0,600 =0,10 =0.440
2.19 -0,088 -0,560 -0,688 -0,720 -0.200 -0.600
2.2 -0,187 -0.700 -0.765 -0.800 -0.210 -0,640
2.35 -0.220 -0.840 -0,918 -0,960 -0.2,0 -0.760
2.40 -0.251 -0,900 . -0.,976 -1,020 -0.260 -0.800

0,161 -2,600 -2.933 -3.120 <1.957 =4.250
0.292 =2,540  -3.148 -3.340  -2,000 -4.400
0.319 -2.560 -3.165 -3.360 -2.160 -4.600
0.711 -2.310 -3.275 -3.480 -2,100 =4.610

*

==l OoWw

. 2.48 -0.240 -0,960 -1,031 -1,080 -0.280 -0.880
2,70 '~ -0,207 -1.080 -0.941 -1,000 -0.170 -0.900
2,75 -0,140 -1,060 -0,978 -1.040 -0.207 -0,960
2.80 -0.192 -1,160 -0,994 -1.060 -0.180 -1,000
2:85. =0:177 <1:1800 .-=1;022 1,090 . 10.210 -1.060
2.90 0,362 =1.200 ~1;050 ~1.,1.20 -0.210 -1,080
2.95 -0.166  -1,240 -1.087 -1,160 ~4.645 il
3.65 0.349 -1.480 =1,476 -1.600 -0.850 -2.400
4,00 0.594 =1.860 -1.894 -2,060 -1,120 =3.200
4.06 0.724 -1.860 -1,945 -2,120 -1.100 -3,280
bel2 w250 _=1,960 -2,162 -2,400 -0.685 -3,600
4257 1.713 -2.000 -2,208 -2,460 -0.550 -=3.700
4,85 1.413 -2,080 -2.363 -2.600 -0.940 =3.840
5421 e - = - & s
5.38 -2:764 -2,671 - -2.860

6.02

6.71

6.85

7.18
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TABLE 23 (Contd.)

Vavelength HD = 34085 HD = 35468 HD = 36371

1 Observed Corrected Observed Corrected Observed Corrected

T (pm” _

A my (V=0) my (V=0) m, (V=0) m, (V=0) my (V=0) my (V=0)
1.80 0,.000 0.000  0.000 0.000 0. 000 0.000

- 1.90 -0.080 -0.080 -0,178  -0.180 -0,040 -0.120

2.00 . -0,080 .-0.080 -0,356 -0.360 ~0.080 * =0,240
230 0200 0200 -0.494  -0,500 -0.120 -0.360
2.19 -0,300 -0.300 ~0,622 0,630 -0.120 -0,440
2.2 -0.400 =0.400 -0.691 -0.700 -0,170 -0,520
2.35 03400 =000 _==<0:840 0,850 -0.180 -0.600
2.40 -0.640 -0.640 .. -0.88% -0.900 —0.200 - =0,640
2.48 0,560 -0,560 -0.988 -1,000 -0.200 -0,690
2.70 0,160 -0.160 -1,085 -1.100 -0.090 -0.680
2:975 ~0.200: =00 -1.144 -1,160 ~0,100 -0.720
2.80 D200  =0:2%0 -1.,184 -1.200 -0.080 -0,740
2.85 L =0,220) .=0,220 m1:263 =1.280 -0,080 -0.760
2.90 -0,320 =0.320 ~1:342 -1.360 -0.100 -0.800
2.95 -0.330 -0.330 1882 <1400 -0.090 -0.820
3.65 -0.480 -0.480 -1,589 -1,620 0.140 “<1,100
4,00 -0.660 -0.660 2,078 -2,120 0.380 -1.280
4.06 -0.680 -0.680 ~2;125 2,170 0.490 =1.260
Lo 42 -0.760 -0.760 ~2,330 -=2.390 ¥.040 =1,310
TS -0.800 -0.800 —2.387 =2,450 1,340 ™ 214380
.85 -0.880 -0.880 2,461  -2,520 0.970 =1.400
5.21 - — e = e X
538 -0.920 -0.920 -2,677 -2.720 0.310 -1.580
6.02 -1.,000 -1,000 -3.023 -3.070 -0.010 -1.800
6.71 ~1.020 - 1,820 -3.172 -3.220 -0.060 +1.980
6,85 -0.960 -0,960 -3.201 -3,250 -0.010 =1.960
7.18 -0.840 -0.840 =3.349 =3.400 0,150 -1.900
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TABLE 23 = (Contd.)

,
\

Wavelength HD = 36512 HD = 36879 HD = 37128

1 3 Observed Corrected Observed Corrected Observed Corrected

= (pm™)/

i my (V=0) m, (V=0) my (V=0) m, (V=0) my (V=0) m, (V=0)
1.80 0,000 0.000 0,.000 0.000 0.000 0.000
1.90 ~0,232 -0.240 -0.096  -0,200 -0.184 © -0.200
2.00 -0.384  -0,400 -0,192 -0.400 -0.368 -0.400
2.10 -0.616 -0.640 -0.283 -0.600 -0.551  -0.600
2.19 -0.728 -0.760 -0.344 -0,760 -0.696  -0.760
2,24 -0.845 -0.880 -0.408 -0.860 -0.770 -0.840
2,35  -1.018 -1.060 -0.414 -0.960 ~0.916  -1,000
2.40 -1.076 -1,120 -0.428  -1,000 =0,992 -1.080
2.48 -1.201  -1,250 -0.446 '=1,080 -1.022 -1.120
2.70 =La221 =1,280 0,471 -1.240 -1.282  -1.400
2,75 -1.258 -1.320 -0.469  -1.280 1,355 1,80
2.80 -1.334  -1.400 0,667 -1.520 -1.429 -1.560
2.85 -1.382 -<1,450 -0.476 -1.360 -1.444  -1,580
2.90 -1.410 -1,480 -0.485  -1,400 -1.499 -1.640
2.95 =1.447 -1.520 -0.474 -1,420 -1.554 . =1.700
3.65 -2.076 -2,200 -0.634 -2.246 ~1.,752 =2.000
4.00 =2.594  -2.760 -0.237 -2,.400 -2.247 -2,580
4.06 -2,665 -2.840 -0,222 -2.500 -2.330 -2.680
Lo42 -2,922 -3.,160 0.334 =2.760 -2.324  -2.800
4,57 -3.028 -3.280 0.416 -2.860 -2,386 -2.890
4.85 -3.203  -3.440 -0.002 -3,080 -2,626 -3.100
5.21 ~ = ~2.966 - -5.157 -
5.38 -3.511 -3,700 -0.820 -3,280 -2,822 -3,200
6.02 -3.813 -4.000 -1.707 -4.140 -2,966 -3,340
6.71 ~4. 148  =4.340 -1.844  -4.340 -3.236 © -3.620
6.85 -4.165  -4,360  _1,772 -4.310 -3.210 -3,600
7.18 ~4.275  =4.480 -1.818  -4.480 -3.090 -3,500
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TABLE 23 (Contd, )

Wavelength HD = 38771 HD = 40589 HD = 42087

1 1 Observed Corrected Observed Corrected Observed Corrected

= (pm™) '

A my (V=0) my (V=0) .my (V=0) my (V=0) my (V=0) m, (V=0)
1,8 0. 000 0,000 0,000 0,000 0,000 0, 000
1.90 -0,180 -0.200 -0,048  -0.100 -0.084 -0,160
2,00 -0.360 -0,400 -0.036 -0.140 -0.168 -0.320
2,10 -0.540  -0.600 _ -0.081 -0.240 -0,228 ° -0,460
2.19 -0.680 -0,760 -0.072 -0.280 -0.296 -0,600
2.2 -0.777 -0.860 -0.134 -0.360 -0.329  -0,660
2.35 ~0,885  =0.980 -0.167  -0,440 -0.401 = -0,800
2,40 -0.950 =1.050 ~-0.194  -0..480 -0.442 -0.860
2748 -1,040 =1.150 0,263 -0.520 -0.456 -0,920
2.70 -1.187 -1.320 0.285 -0.100 . -0.358 -0.920
2.75 -1.260 -1,400 0.286 -0.120 -0.368 -0.960
2.80 -1.302 -1,450 0.266 -0.160 -0.417  -1.040
2.85 -1,337 -1.490 0.242 -0,200 -0.434  -1,080
2.90 -1.372 -1.530 0.218  -0,240 -0.491 -1,160
2,95 -1.396 -1.560 0213 . 07960 -0.508 -1,200
2,65 -1.721  =2.000 0.486 -0.320 -0.422 1,600
4,00 -2,186 -2,560 Q762" 0,320 ~0.479 ~2.060
4.06 -2.426 _-2.820 0.898 -0,240 -0.376  -2.040
4,42 -2.305 -2.840 1.147 -0.400 0.101 -2,160
4457 -2.333 -2.900 1:218 <0,420 0.134, =2,260
4.85 -2.507 -3.040 1,059 -0..480 -0.111  -2,360
52T -5.107 == 0.745 ~0.550 -0,608 -2,500
5.38 2,814 <3,9/0 0.630 -0.600 -0.763 -2,560
6.02 -2,899 =3.320 0.617 -0.600 -0.902 2,680
o -3.168 -3,600 0.608 -0.640 - -0.936 -2.760
6.85 -3.181 -3.620 0.669 -0.600 -0.,906  -2,760
7.18 ~3.639 4,100 0.931 -0.,400 -0.554 -2,500
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TABLE 23  (Contd.)

Wavelength = HD = 4338, HD = 45910 HD = 46149

1 1 Observed Corrected Observed Corrected Observed Corrected

T (pm™)
1.80 0,000 0,000 0,000 0,000 0. 000 0,000
1.90 -0.044  -0,160 -0.050 -0,160 -0.204  -0.300
2,00 . -0,128 -0.360 . -0.135 -0.360 -0,388 - -0,580
2,10 -0.126  -0.480 -0.215 -0.560 -0.607  -0.900
2.19 -0.136 -0,600 -0.262 -0.720 -0.616 -1.000
2,24 -0.172 -0.680 -0.,300 -0.800 -0.822 1,240
2:35 -0,231 -0.840 -0.240  -0.840 -0.796 -1.300

=8 PTG, -0,222 -0.860 -0.275 -=0.900 -0.872  <1,400

2,48 -0.212 -0.920 -0.350 -1.060 -1,014 ~1,600
2,70 0.018 -0,840 -0.155 -1,000 -1.050 1,760
2405 0.005 ~-0.900 -0.180 -1.080 -1,051 -1.800
2.80 0.011 -0.940 -0.180 -1.120 -1.063 -1.850
2.85 0.006 -0.980 -0,190 -1,160 -1.084 -1.900
2.90 0.021 -1,000 -0.240 -1.240 -1.115 = -1.960
2.95 0.015 -1.040 - - - -
3.65 0.448 -1.350 0,140 -1.920 -1.192 =2,680
4.00 1,013 -1.400 ~0,120 -2,520 -0.803 -2,800
.06 1.080 -1.460 -0.110 -2.620 -0.738 =2,8.0
L2 1,911 -1.540 0.575 -2.,860 . -0.164 -3,020
4L.57 2,094 -1,560 05650  =2:960 -0.176  -=3,200
4.85 1.833 -1.600 _ 0.370 -3.040 -0.452 =3,300
5.21 1.168 -1.720 -0.410 -3,260 Y o
5.38 0.943 -1.800 -0.610 -3.320 -2.590 -4,860
6.02 0.894 -1.820 -0.905 -3,600 -2.510 -4.760
6.71 0.904 -1.880 -0.980 -3,720 -3.250 =
6.85 0.970 -1.860 -0.880 -3,680 -2.598 ~4.940
7.18 1.570 -1.400 -0,730 -3,660 -1.862 -4.320
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TABLE 23 (Contd.)

Wavelength HD = 47240 HD = 47839 ED = 52382

5 1 Observed Corrected Observed Corrected Observed Corrected
= (pm™)
A my (V=0) my (V=0) my (V=0) my (V=0) m,y (V=0) m, (V=0)

0,000 0,000 0.000 0..000 0,000 0. 000
-0,126 -0.200 -0,186 -0,200 -0.124 -0.,200
-0.230 -0.380 -0.375 =0.400 -0,188  -0.340
0,310 -0.5.0 -0.557 -0.600 -0,308 -0.540
-0.380 -0.680 -0.684 -0.740 -0,376 -0.680
-0.479 -0.800 -0.739 -0.800 ~-0.389 ~0.720 =
-0.531 -0.920 -0.887 -0.,960 AT =D B0
~D620° - 1,020 -0,923 -1.000 0,462 -0.880
0,646 1,100 -1.115 -1,200 -0.496  -0,960
-0.650 -1,200 12196  =1.500 SGIIERE o 21980
~0.660 -1.240 -1.251 -1,360 <0.7.8 <i,3/0
=0,710° <1.320 =1,285 <1400- © =0. 777 =1.400
-0.730 -1,360 =1.341 -1.460 ~0.754  =1.400
-0.790 -1.440 1,397 -=1.520 ~0.791 . +.=1.460
-0.800 -1.480 -1.453 -1.580 = %
~0,722 - ~1.880 % 2,063 <2:280 0,642 2,820
-0.899 -2.460 - = 0,619 2,200

. =0,800-" =2,440 ~5.248 s BT D566 «2,220
-0.369 . -2.600 -2.86J =3,280" =051:397° =200
-0.290 =2.640 -2.919 -3.360 =0.046  =2,440

04510, . =270 -3.066 -3.480 0,271 2,520
-0.960 -2.840 =ALT T SE6DE T =0, 708 2,600
-1.,130 -2,920 ~3.509 =3,840 -0.843 2,640
-1.232 -3,000 -3.672 -4.000 ~1.,062 -2,840
=1.440  =3.240 -4.014  -4.350 Y176 <3,000
=120 1 ~3,250 -4,068 =44410 1,226 <3080
=1,230 - -~3.160 312 0 1,264 = -3,210
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TABLE 23 (Contd.)

Wavelength = HD = 53367 HD = 54662 HD = 58131

1 1 Observed Corrected Observed Corrected Observed Corrected

= (pm™) '

itk my (V=0) my (V=0) m, (V=0) my (V=0) m, (V=0) m, (V=0)
1.80 0. 000 0,000 0,000 0.000 0. 000 0.000
1.90 -0.014 -0.160 -0.190  -0.260 -0.044  -0,160
2.00 <-0,028 -0.320 -0.300° -0.440  -0,048 -0.280
2.10 -0.055 ~0.500 -0.367 -0.580 -0,126  -0.480
2.19 -0.056 -0.640 -0.420  -0,700 -0.136 -0.600
2., 28 -0.085 -0,720 ~-0.460 -0,760 -0.255  -0.760
2,35 -0.114 -0.880 -0.513 -0.880 -0.271  -0.880
2.40 -0.117 -0.920 -0.535 -0.920 -0.322 0,960
20‘{‘8 - - “00613 _1-040 "'00352 _1.060
2.70 = = -0.622 1,140 0.058  -0.800
2.75 - - -0.640 -1.200 0.025 -0.880
2.80 - - -0,706  -1.280 -0.009  -0,960
2.85 - - 0,725 -1,320 -0.054  =1,040
g.gg - - -0.764  -1.380  -0,059 -1.080
3.65 -0,057 =2.320 -1.235 -2.320 0.438  -1.360
4.00 -0.283 -3.320 =1.424  -2,880 0.533 -1.880
4,06 -0.163 -3,360 -1.367 -2.900 0.580 -1.960
Lod2 0.663 -3.680 -1,018 -3,100 1.331. ~2.120
4457 0.659 -3.940" -0.955 -3,160 1.454  -2,200
4.85 0.042 =4.280 -1.128  -3,200 1.113 -2,320
552k -0.685 -4.320 ~1.857  -3,600 0.380 -2,508
5.38 =0.947 -4.400  -2,005 -3.660 0.183 -2.560
6.02 -1.184  -4.600 2,484  -4.120 -0.086 -2,800
6.71 ~1,176  -4.680 -2.640 =4.320 -0.116  -2,900
6?; -0.998  -4.560 =20602 =l 310 -0.050 -2,880
T

=0.832  ~4.570  -2,628  -4.420  -1.230 -4.200
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TABLE 23 (Contd.)

VWavelength HD = 58350 HD = 66811 HD = 77581

] 1 Observed Corrected Observed Corrected Observed Corrected

T (pm™)

At my (V=0) my (V=0) my (V=0) m, (V=0) m,y (V=0) m, (V=0)
1.80 0.000 0.000 0,000 0. 000 0,.000 0,000
1.90° -0.070 -0.080 -0.192 -0,200 -0,034 -0,200
2.00 -0,184 -0.200 -0.384  -0.400 -0.068  -0,400
2.10 -0.206 -0,320 -0.576 -0.600 -0.074  -0.580
2019 —014—18 “00450 "0.728 "0.760 “00076 -0.740
2.2/ -0.465  -0,500 -0.805" -0.840 -0,078 -0.800
2.35 -0.598  -0.640 -0.918 -0,960 -0.089  -0,960
2.40 -0.636 -0,680 -1.056 -1,100 -0.087 -1,000
2.48 -0.731 -0.780 -1,151 1,200 -0.107 -1,120
2.70 -0.581 -0.640 -1.,381  =1,440 -0.032 -1,260
2.75 -0,618 -0,680 1418 <1.780 -0.025 -1.320
2.80 -0.654 -0,720 21,434 . =Y 800 0.001 -1.360
2.85 -0.692 -0,760 -1.572 -1.640 0.001 -1.410
2.90 -0.730 -0.800 =1:610° ~ L1680 -0.019 -1.480
2,95 -0.767 -0.840 1,687 =1.780 -0.009 -1,520
3.65 -0.956  -1.080 2 016 =2.1/0 0.353 -2.220
4.00 -1.234  -1.400 22,674  -2.840 0.753 =2.700
4,06 ~le245 =1.420 _2'725 _2'900 0.675 -2,960
4eh2 -1.322 -1,560 ~S.917 S8 50 1,878 -3.060
Lia57 -1.348 -1,600 -3.068 -3.320 2.189  -3,040
4485 ~1383. . -1.620  -3:243 . =3.4807 . 1.794 . -3.120
5.21 = e - -3.481  -3,680 0.933 -3.200
5.38 -1,531 -1.720 =3.551  =3.740 0.666  -3,260
6.02 -1.613 -1.800  -3.733 -3.,920 0.524  -3.360
6.71 -1.628 -1.,820 -4.008  -/,200 0664 =3:320
6.85 -1,565 -1.760 -3.965  -4.160 0.530 -=3.520
7.18 - - -1.005 -1.210 0.290  -3.960

{
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TABLE 23 (Contd.)

)avelength | HD = 79186 HD = 87734 HD = 87901

4 . .Observed Corrected Observed Corrected Observed Corrected

= (pm™) i

Atk my (¥V=0) my (V=0) my (V=0) my (V=0) my (V=0) my (V=0)
1.80 0..000 0..000 0.000 0,000 0,000 0.000
1.30 -0.095 -0.160 -0,080 -0.080 -0,078 -0,080
2.00 -0.165 -0.300 -0,200 -0,200 -0,166 -0.170
2.10 ~0,.250 =0.460 -0.300 -0.300 <0.264 =" 0,270
2,19 -0.330 -0.600 -0.400 -0.400 -0,372 -0.380
2528 -0.390 -0,680 -0.440 0,440 -0.391 -0, 400
2.35 -0.483  -0.840 -0.520 -0.520 -0.470 -0.480
2,40 -0.505 -0,880 -0.540 -0.540 | -0,509 -0.520
2.48 -0.520 -0.920 -0.560 -0.560 -0.568 -0.580
2.70 " =0,420 -0.920 0.700 0.700 -0.105 -0,120
2.75 -0.435 -0.960 0.650 0.650 ~-0.144 -0.160
2.80 ~0.845 -1.000 0.620 0.620 -0.184  -0,200
2.85 -0.470 -1.040 0.600 0.600 -0,223 -0,240
2.90 -0.480 -1.080 0,600 0.600 -0.242 -0,260
2.95 - - - - - =
3.65 -0, 205 -1,260 0,300 0,300 -0.399 -0.430
£4.00 0.126 -1.290 0.360 0.360 -0,768 -0,810
4.06 0.040 -=1.460 0.340 0.340 -0.776 -0.820
Lad2 0,462  =1,560 0.200 0,200 -0.970 -1.030
457 0.690 -1.500 0.100 0.100 -1.027 -1.090
4+85 0.340 -1.660 0,100 0.100 -1.131 -1.190
5e@) - - 0.000 0,000 -1,278 -1.330
5438 -0,200 -1.820 -0.040 -0.040 ~-1.403 -1.450
6.02 -0.385 -2.000 -0.060 -0,060 ~-1.493 -1.540
6.71 -0.470 -2.120 0,000 0. 000 ~1,632 -1,680
6.85 -0,410 -2.100 0.040 0.040 =1 ,611 -1.660
7.18 -0.140 -1.900 0.120 0,120 -1,649 -1,700
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TABLE 23  (Contd.)

Wavelength HD = 91316 HD = 102647 HD = 149438

1 ( —l) Observed Corrected Observed Corrected Observed Corrected

= m

3 my (V=0) my (V=0) m, (V=0) m, (VF0) my (V=0) m, (V=0}
1,80 0.000 0.000 0.000 0, 000 0.000 - 0.000
1.90 -0.164 -0.180 -0.054 -0.060 «0.228 = =~0.240
2,00 0,308 20,360 ~=0,128 =0.140 -0.376  -0.400
2,10 =0.271 <0520 ~=0,202 =0.220 -0.644  -0.680
2,19 0,626 0,690 ~-0,276 -0.300 -0.712  -0.760
Do) 0,730 0,800 -0.354 =0,380 -0.828 - -0.880
2435 -0,866 © -0.950 -0.448 -0.480 ~ -1.016 -1,080
24D -0.912 -1,000 --0.487 -0.520 -1.054 . -1,120
2,48 21,022 <120 ~0.563 -0.600 ey G 7S B )
2,70 ~1.082 1,200 0.244 0.200 -1.072 -1.160
2.5 =1:135 ~1.260 0.207 0.160 1. 346 _ =1,.200
2,80 -1.,189 ~ 1,320 0.169 0.120 -1.222 -1.320
2.85 2 e T R I .17 0.120 =1 ,298 + <1,400
2.90 1279 =134 20 0.173 0.120 -1.374  -1.480
2.95 - - C- - & &
3.65 ST 1o R [ 0.471 0.380 -1.778  -1.960
4,00 S12827 <2180, 0.528 0.400 -2.552 - -2.800
4-060 ~ "s1.870  =7.220 0.532° 0.400. -2.636 -2.900
4,72 =1792) =2,400 ~ D:300 0.120 -2.820 -3.080
AR ] 21,936  =2.440 0.229 0.040 L2820 3000
485 ~2.182 2,650 0.178 0.000 -3.104  =3.460
5,21 = = = —~ - -
5.38 ~25342 20920 0.152 0.020 -3.416  -3.680
6,02 -2.506 -2.880 0.860 0.720 -3.880 -4.160
6.7 -2.756  -3.140 2,142, 2.000 -4.112  =4.400
.85 -2.730 -3.120 ~5.409 ~ 4,078  <4.370
718 -2,830 -3.240 = = ~4.192  =4.500
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Table 23 (Condt)

HD = 224572 HD= 218376

wavelength Observed Corrected Obsexrved Corrected

1/A () m, (V=0) m, (V=0) m, (V=0) m, (V=0)
1.80 0 0 0 0
1.84 -0.01 -0.03 -0.02 -0.11

- 1.90 -0.16 -0.20 -0.06 -0.26
1.96 -0.31 -0.37 -0.09 -0.33
2.03 -0.40 -0.49 =0.13 -0.53
2.10 -0.61 -0.73 -0.17 -0.52
2. A8 -0.63 -0.78 024 ~0.64
2.26 -0.71 -0.89 -0.25 -0.87
2.35 -0.83 -1.01 - -0.29 -1.00
2.44 -1.03 -1.26 ~0.32 -1.09
2.55 -0.71 -0.97 -0.36 =141
2.66 -0.87 ~1..16 -0.40 -0.56
2.78 -- - -0.45 -1.25
3.65 -1.35 ~1.95 -0.87 ~-2.26
4.00 =1.66 -2.49 -1.16 -2.84
4.17 -1.66 -2.60 -1 .32 -3.00
4.35 -1.61 -2.73 -1.58 ~3L15
4.55 -1.61 -2.87 ~1 .75 =3.25
4.76 -4 B9 . - =2.88 -1.68 -3.28
5.00 -1.89 -2.97 -1.51 ~3.37
5.26 - ' - -1.36 -3.42
5255 -2.20 a3 {5 ~1.28 —g 74
5.88 -2.68 -3.63 -1.32 -3.92
6.25 -2.58 -3.53 -1.33 -3.83
6.66 s ~3.73 -1.35 ~4.07
7.14 -2.82 —31.83 -1.44 -4.22
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Table 23 (Condt)

HD = 160762 HD = 188209 HD = 197345
ivelength Observed. Corrected Cbserved Corrected Observed Corrected
M G m, (V=0)  m, (v=0) m (V=0)  m, (V=0) m (V=0)  m, (V=0)

1.80 0\ 0 0 0 0

1.84 -p.04° -0.04 -0.02 ~0.04 - =0.01 -0.01
1.90 ~0.16  -0.16 -0.17 ~0.21 ~0.10 ~0.11
1.96 -0.36 -0.37 -0.34 -0.40 -0.20 -0.21
2.03  -0.48 -0.49 -0.36 -0.45 -0.35 -0.37
2.10 -0.62 -0.63 -0.55 -0.67 -0.46 = -0.48
2.18 -0.64 -0.65 -0.51 -0.75 -0.45 -0.48
2,26 -0.71 -0.73 -0.63 -0.91 -0.54 -0.58
2.35 -0.87 -0.89 -0.78 -0.91 -0.60 . -0.64
2.44 -1.04 -1.06 -0.89 -1.12 -0.72 -0.76
2.55 -0.69 ~0.71 -0.71 -0.97 -— -
2.66 -0.71 -0.74 -0.81 -1.10 - -=
2.78 e s i I e e
3.65 -1.37 -1.43 - - +0.68 +0.56
4.00 -1.75 -1.85 -1.97 -2.80 +0.91 +0.75
4.17 -1.83 -1.92 . =2.01 -2.95 +1.18  +40.90
4.35 - -2.00 -2.11 -1.98 - -3.10 +0.97 +0.75
4.55 -2.07 -2.19 -1.98 -3.24 +0.75 +0.51
4.76 -2.14 -2.26 2,11 -3.31 +0.62 +0.38
5.00 -2.30 -2.41 -2.29 -3.37 +0.62 +0.40
3.26 -2.39 -2.49 ~2.45 -3.43 +0.75 +0.55
5.55 -2.60 -2.69 -2.59 -3.51 +0.67 +0.42
5.88 -2.80 -2.89 -2.69 -3.64 +1.16 +0.98
6.25 =2.78 -2.87 -2.75 -3.70 +1.23 +1.05
6.66 -2.96 -3.15 -2.86 -3.82 +1.36 +1.18
7.14 -3.00 -3.10 ~-2.54 -3.55 +1.97 +1.75
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Table 23 (Condt)

HD = 152614 HD = 155763 HD = 222173
wavelenagth Observed Corrected Cbserved Corrected Observed Corrected
AGm 1y m, (V=0) m, (v=0) m (V=0) ° m, (V=0) m, (V=0) m, (V=0)

1. 50 0 0 0 0 0 0

1. 84 -0.04 -0.04 -0.03 -0.03 -0.04 -0.04
1. 90 o0 1R -0.19 -0.19 -0.19 -0.18 -0.18
1. 96 -0.34 -0.35 -0.38 -0.39 -0.31 =031
2. 03 -0.47 -0.48 = -0.51 ~0.52 -0.46 -0.46
2. 10 ~0.60 = =0.61 -0.70 o =0.71 ~0.61 ~0.61
2. 18 -0.64 "-0.66 -0.73 -0.74 -0.66 -0.66
2. 26 -0.72 -0.74 -0.86 -0.88 -0.76 -0.76
2. 35 -0.83 -0.85 -1.03 -1.05 -0.90 -0.90
2. 44 -1.02 -1.04 -1.21 -1.23 -1.09 -1.09
2. 55 -0.49 ~0.51 -0.78 ~ -0.80 -0.68 -0.68
2.66 - -0.37 -0.40 =0.72 -0.75 -0.50 -0.50
2,98 ¢ e Fe o i o o

3. 65 -0.52 -0.58 -0.90 -0.96 -0.52 -0.52
4. 00 -0.77 -0.85 -1.08 -1.16 -0.68 -0.68
4. 17 -0.77 -0.86 =4 08 -1.14 =066 -0.66
4,35 -1.02 -1.13 -1.26 -1.37 -0.80 -0.80
4. 55 -1.08 -4.20 Loqeae ~1.48 ~0585 -0.85
4. 76 -1.17 -1.29 =46« " 54, 58 -0.98 -0.98
5. 00 -1.27 -1.38 -1.55 -1.66 -1.08 -1.08
3. 26 -1.27 -1.37 -1.60 -1.70 -1.18 -1.18
5. 55 -1.40 -1.49 -1.64 -1.73 -1.27 =1 .27
5. 88 -1.55 -1.64 -1.77 -1.86 -1.50 =1.50
6. 25 -1.56 -1.65 =7 .79 7 ~-1.88 -1.62 -1.62
6. 66 -1.67 -1.76 -1.91 -2.00 -1.63 -1.63
114 -1.63 -1.73 -1.91 -2.01 -1.58 -1.58
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ABSTRACT

]

Ultraviolet spéctra are presented for supergiants, giants, and main-sequence stars in the spectral type range
from BO to A2. The observations were obtained in the spectral range 2750-1350 A with the S2/68 Ultraviolet
Sky Survey Telescope in the TDI satellite. The effect of luminosity has been studied by comparcing the ultraviolet
energy distributions of luminous and main-sequence stars of the same spectral type. The flux deficiencies which
are observed in the energy distributions of luminous stars are interpreted as the result of lower effective tempera-
tures for luminous stars than for corresponding main-sequence stars, and an estimate is given of the effective

temperature scale for B-type supergiants.

Subject headings: early-type stars — spectra, ultraviolet — spectrophotometry

I. INTRODUCTION

Differences between the ultraviolet energy distribu-
tions of early-type supergiants and dwarfs of the same
spectral type have been noted in earlier work (Car-
ruthers 1969; Weber, Henry, and Carruthers 1971;
Bless and Savage 1972; Laget 1972). That the normal-
ized ultraviolet fluxes are observed to be systematically
lower for supergiants than for dwarfs has been inter-
preted by Mihalas (1970), from model atmosphere
calculations, as the result of differences in surface
gravity and effective temperature. Ultraviolet absorp-
tion features which occur in the spectra of luminous
stars and which are absent or present only weakly in
main-sequence stars have also been reported by Under-
hill, Leckrone, 'and West (1972) and by Thompson,
Humphries, and Nandy (1974). The broad absorption
feature at 1720 A has been considered as originating in
the extended envelopes of supergiant and“shell stars
(Underhill et al. 1972; Taratdar and Vardya 1973),
whereas the absorption centered at 1920 A has been
interpreted as a photospheric line blocking effect. The
ultraviolet spectrophotometric observations reported
so far have been limited to a fairly small number of
luminous stars, however, and there is a clear need for
further observational data. :

II. OBSERVATIONS AND DATA REDUCTION

In the present paper we have used observations
obtained with the S2/68 Ultraviolet Sky Survey tele-
scope in the European satellite TD1 to study the effect
of luminosity in the ultraviolet by comparing the
energy distribution of giants and supergiants with
those of main-sequence stars of similar spectral type.
The spectrometer covers the spectral region 2550-
1350 A, sampling at 20 A intervals with a spectral
resolution of 35 A, and a photometer channel gives a
broad-band measurement centered at 2750 A. Details
of the instcumentation and performance of the S2/68
experiment have been described by Boksenberg et al.
(1973). The spectral efficiency of the instrument was

216

111

measured on an absolute basis as a function of wave-
length. Separate calibrations were performed inde-
pendently by teams from Britain and Belgium, the

-results of which agreed within the estimated experi-

mental errors of +20 percent over the entire wave-
length range. The separate results have been combined
to obtain a mean calibration of the instrumental spec-
tral response (Humphries e al. 1974), and this has
been used to derive the fluxes presented here.

The luminous stars which have been considered are
listed in table 1 together with the main-sequence stars
used for comparison. Each of the stars included was
selected on the basis of small interstellar reddening.
The MK spectral types and photometric data have
been taken from Blanco et al. (1968), and the intrinsic
colors of Johnson (1966) were used to derive values of
E,_y. The observed ultraviolet flux distributions of
these stars normalized to ¥ = 0 are shown in figure 1. -
From these, magnitude differences defined as Am, =
(mx — Vumigous — (71x — ¥)aware have been derived
for pairs of luminous and dwarf stars of similar spectral
type. Corrections for interstellar reddening were ap-
plied using a mean extinction law derived from the
available ultraviolet observations from OAO-2 (Bless

“and Savage 1972) and TDI1 (Boksenberg ef al. 1973).

Since E;_y for the stars in table 1 is in most cases less
than 0.05 mag, the error in the corrected Am, arising
from uncertainties in the extinction law is exceedingly
small. The corrected Am, values are plotted as a
function of 1/A in figures 2a-2/. Also shown in this
diagram are the corresponding magnitude differences
at the wavelengths of the photometric U and B bands.
The spectral coverage is incomplete for two of the
stars in table 1 (HD 122451 [Bl 1I] and HD 51283
[B3 II-III]), and these have not been included in figure
2; the observations which are available for these stars,
however, give good agreement with the general trends
which are described below.

Values of Am, in the visible wavelength range of
figure 2 indicate that the stars considered here have
the normal UBV photometric properties characteristic
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TABLE 1
OBSERVED STARS
Star HD MK Type ¥ B—V Ep-v

e O s 37128 BO Ia 1.70 —0.19 0.08

Gl aeeieies 75821 BO IIT 5.10 —-0.21 0.09
N e 53,3 e 149438 BOY 2.83 -0.25 0.05
vOriv.eco.... 36512 BO YV 4.60 —0.26 0.04
N 64760 B11Ib 4.23 —0.15 .0.07
139 Tau...... 40111 Bl Ib 4.82 —0.08 ¢ 0.14
BiCel o 122451 Bl II 0.61 —0.22 0.02
v S A 37209 BLY 5.70 —-0.23 0.03
e0Masvrass 52089 B2 1I 1.50 —-0.22 0.00
@SB 175191 B2V 2.10 —0.21 0.03
x Cen. e 132200 B2V 3.12 =0.22 0.02
o®CMa...... 53138 B3Ja 3.05 —0.08 0.06
S NP 51283 B3 II-11I 5.28 —-0.19 0.00
7 UMa....... 120315 B3V 1.86 —0.20 0.00
5 CME G e 58350 B51Ia 2.40 —0.07 0.03
0 S B 209952 ; B5Y 1.73 —0.13 0.03
B0 e e s 34085 B8 Ia 0.17 —0.03 0.00
7 AQT. . 213998 BSV 4.02 —0.09 0.00
il e - 94367 © A0Ia 5.28 +0.15 0.14
Y Ophii e 161868 A0V 3.76 +0.04 0.04
aCyg........ 197345 A2 1a 1.26 +0.09 0.04
eGrlL. ,...... 215789 A2V 3.48 +0.08 0.02

of early-type stars. At 1/A = 2.30 p“‘l, AB values either

are zero or take small positive values (~0.1 mag), .

since, in the spectral type range considered, (B — V)
is not strongly dependent on luminosity. The AU
values {at /A = 2.78 p~1) are approximately zero for
spectral types near B0 but become progressively moere
negative toward later spectral types. These values are
consistent with measurements of the Balmer discon-
tinuities .in early-type stars by Barbier (1952) and
Chalonge {1956); the magnitude of the Balmer jump
1s larger for main-sequence stars than for luminous
stars, and the différence in Balmer jump between
main-sequence and luminous stars systematically
increases from early B to A2 stars.

 Figure 2 shows that shortward of the Balmer jump
Amn, increases with 1/A, indicating that the normalized

fluxes of luminous stars become fainter with decreasing

wavelength as compared with the fluxes of the corre-

sponding main sequence stars (cf. fig. 1). This applies
both to supergiants and to giants, and for all spectral .

types from BO to BS. In this spectral type range the
slopes of the curves in figures 2a-2/ are remarkably
similar. For the pairs which contain a supergiant, Am
increases typically by 0.7 mag from 1/A =4.0u"!
(2500 A) to IfA = 7.15pu~1 (1400 A); for the pairs
which contain a giant the corresponding increase in
Anz is 0.4 mag. Figure 2a includes the pair consisting
of ¢ Ori (HD 37128, B0 Ia) and » Ori (HD 36512, BOVY)
which_have also been observed photometrically at
1115 A by Carcuthers (1969). Carruthers’s measure-
ments {photometer A values in table 2 of his paper)
give a normalized flux ratio for v Ori/e Ori of 2.4, i.e.,
a Apz value of nearly 1.0 mag at this wavelength. This
its well with the present observations if the data in
figura 24 are extrapolated to 1A = 9.0 u~ 2.

For the A-type stars in figures 2.*'—%]', Am increases
with 1/A up to IfA ~ 5.5p~! (1800 A) in a manner
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similar to that already described. Beyond this value
of 1/, however, the slope of the curve changes sign and
the ultraviolet flux deficiency between the A-type
supergiants and their main-sequence counterparts
start decreasing. For the AO pair shown here, the
normalized flux of the supergiant becomes comparable
to that of the dwarf at 1400 A. For the A2 stars short-
ward of 1600 A the normalized flux of the supergiant
becomes larger than that of the dwarf. '

Other noteworthy aspects of figure 2 are: (1) The
lines at 1550 A (1/A = 6.45 =) and 1400 A (1/A =
7.14 =), predominantly due to C 1v and Si 1v,
respectively, appear more strongly in giants and
supergiants than the corresponding main-sequence

stars in the spectral type-range observed ; a comparison

of the measured equivalent widths of these lines in
supergiant and main-sequence stars has been given

- previously by Code and Bless (1970). (2) The B-type

giants and supergiants studied here all show stronger
absorption near 1920 A (1/A = 5.2x~?) than the
corresponding main-sequence stars. The presence of
this feature in the spectra of luminous stars was
reported earlier by Thompson et al. (1974). It appears

. from our data that the 1920 A absorption is somewhat

weaker for luminous BO-BI stars than for luminous
stars in the range B2-BS8. In the latter range, however,
the relative strength seems to remain fairly constant.
(3) The 1720 A (I/A'= 5.81 p~1) feature first reported
by Underhill er al. (1972) is present in the B-type giants
and supergiants studied here, and is generally weaker
than the 1920 A feature. The ratio of the strength of
this band to that of the 1920 A band appears to vary;
for example, in 5 CMa the strengths of the two features
are comparable whereas for 8 Ori the 1720 A feature
is considerably weaker than that at 1920 A. It should
be noted, however, that in our data 1720 A lies in the
overlap region at the extremities of the short- and
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medium-wavelength spectrometer channels where vig-
netting of the primary image occurs. Although correc-
tions are applied in the data reduction to compensate
for this, the measured absorption strengths here may
still be affected slightly by the instrumental effect. (4)
An, is observed to be nonzero in the regions between
the known strong bands and lines. Thus, structure in
the Am, versus 1/X curve near 1920, 1720, 1550, and
1400 A appears to be superposed upon an additional
Am component, which increases progressively toward
shorter wavelengths. '

L. DISCUSSION

The observations presented here extend previous
photometric and spectrophotometric observations and

confirm that the early-type giants and supergiants are -

deficient in their ultraviolet fluxes with respect to main-
sequence stars. Such deficiencies could be caused: by
one or a combination of the following: () The differ-
ence in surface gravities between main-sequence and
luminous stars may be important, as suggested by
Carruthers (1969) and by Mihalas (1970). Included here
are gravity-dependent changes both of the continuum
flux and of the line opacities. (b) There may be an
intrinsic temperature difference between main-sequence
and luminous stars as suggested also by Mihalas
(1970), with the luminous star having an effective
temperature cooler than the main-sequence star of
similar spectral type. (¢c) Many B stars are known to be

multiple systems, and the observed spectra may be .

affected by fainter companions of different spectral
type. Although this could give rise to an effect similar
to that observed here the curves plotted in figures
2a-2h for eight B-type pairs all show strong similarities
and cannot reasonably be explained by having in each
case an additional unidentified component of the
required spectral type and magnitude. We therefore

discount this explanation as being extremely improb-- -

able and proceed to examine in further detail pos-
" sibilities (a) and (b).

We first note qualitatively that whereas a tempera- -

ture difference would produce a systematic effect over
the whole of the observed spectral range, differences
between luminous and main-sequence stars in the
extent of line blocking are expected to produce
significant effects only in the ultraviolet region. In
this context the values of (B — ¥) are of particular
interest. Intrinsic (B — V) values of the giants and
supergiants are less negative than for the corresponding
main-sequence stars, giving rise to small positive
values of Am at the B photometric wavelength in figure
2. This, together with the positive slope of the Am,
versus 1/A curve in the ultraviolet, suggests that the
same effect is present across the entire spectral region
observed and hence supports the interpretation that
the luminous B stars are intrinsically cooler than the
naia-seguence stars. ;

To obtain a typical value for the size of the effect
which we seek to explain, we consider the early B—type
stars since these are least affected by the differences in
Balmer jump. For pairs containing supergiants, Am in

s
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TABLE 2

CoMmPUTED VALUES OF Fisa2/F5000 FOR DIFFERENT EFFECTIVE
TEMPERATURES AND SURFACE GRAVITIES*

log g
T. CK) 4.0 30 . 2.0 R
20,000. . ... 21.3 20.2 - 1.05
15,000. . ... 9.5 e 8.4 1.13

* From line blanketed model atmosphere calculations by
Kurucz, Peytremann, and Avrett (1973).

the 1420 A region is observed (fig. 2) to be ~0.6 mag,
corresponding to a value of 1.7 for the ratio R of the
normalized flux at this wavelength of the main-sequence
star to that of the supergiant. Recent line-blanketed
model atmosphere calculations by Kurucz, Peytre-

- mann, and Avrett (1973) suggest that surface-gravity
. differences alone are not sufficient to account for

values of R as large as this. Some results of the Kurucz
et al. calculations which permit comparison with the
present observations are given in table 2. Computed
values of Fj400/Fso00 at log g = 4.0 and logg = 3.0
or Jog g-= 2.0 are shown for effective temperatures of
20,000% and 15,000° K. The final column in table 2
gives the ratio of the normalized flux at the higher
surface gravity to that at the lower surface gravity.
Comparison of the computed values of R with the
observed value of ~1.7 indicates that, for a given
effective temperature, gravity-dependent effects make ~
only a small contribution (less than 20%,) tc the
observed ultraviolet flux deficiencies of supergi...:is;
and that the major contribution arises from an intrinsic
temperature difference between main-sequence and
luminous stars of the same spectral type. Although the
Kurucz et al. models assume conditions of local ther-
modynamic equilibrium (LTE), the computed values
of R given above are not expected to be changed
significantly by inclusion of non-LTE effects for the
temperature range considered here.

— Figure 3 shows the Am, versus 1/A curves for pairs
of main-sequence stars and for pairs of supergiants:
figure 3a compares B3 V; BS V, and B8 V stars with a
Bl V star while figure 3b compares B3 Ia, B5 Ia, and .
B8 Ia stars with a Bl Ia star, The slope of the line is
proportional to the temperature difference for the pair
of stars compared. It is seen that the slopes of the lines
for the main-sequence pairs are approximately the same
as for the corresponding supergiant pairs. In other
words, the decrements in effective temperature in
passing from Bl through B3 and B3 to B8 are similar
for main-sequence and supergiant stars.

In order to obtain an approximate measure of the
difference in effective temperature between supergiant
and dwarf stars of the same spectral type, we have first
adopted the effective temperature scale for main-
sequence stars given by Schild, Peterson, and Oke
(1971). Using this for the temperature of the main-
sequence star, we have then determined in each case
the supergiant temperature, assuming blackbody
energy distributions, required to match the observed
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Fic. 4.—Effective temperature scale for supergiants and
dwarfs.

Am curves of figure 2. The results for spectral types

Bl, B3, BS, and B8 are illustrated in figure 4. Thus,

by assuming that the difference in color temperature
is the same as the difference in effective temperature
between a supergiant and a dwarf, the effective tem-
perature of a Bl supergiant is found to be approxi-
mately 3000 K cooler than that of a Bl main-sequence
star; for type BS5, the effective temperature of the
supergiant is found to be approximately 1700° K
cooler than that of the main-sequence star. As a
further test, a comparison of the normalized energy
distributions of o* CMa (B3 Ia) and « Gru (B5 V)
shows that the slope of the Ani, versus 1/A curve is
close to zero, indicating that these stars have similar
effective temperatures,

The interpretation that luminous stars have lower
effective temperatures than main-sequence stars is
highly plausible in terms of a simple physical picture
and is not new. For example, Stalio (1971) reached the
same conclusion by considering the experimentally

determined Balmer jumps for supergiants and com-
paring these with model atmosphere data. The tem-
perature scale derived by Stalio for B-type supergiants
fits closely with that given here.

Although the present sample contains only a few
B-type giants, it appears from their normalized ultra-
violet flux distributions (cf. fig.]) that they have effec-
tive temperatures which are intermediate between
those of the corresponding supergiants and main-
sequence stars, and that these lie somewhat closer
to the main-sequence temperatures than to the
supergiant temperatures.

For the A-type stars shown in figures 1 and 2 the
observed fluxes longward of 1800 A are consistent with
ihe interpretation given above. At shorter wavelengths
this trend reverses, and the luminous stars apparently
become brighter relative to the main-sequence stars.
However, since our observations here are limited to
the spectra of only two A-type luminous and main-
sequence pairs, it is not yet possible to decide whether
the observed effect is a general one. It is not clear, for
example, whether the short-wavelength changes in
slope of figures 2/ and 2j are caused by the supergiants
or by the dwarfs. Underhill (1973) has pointed out that
substantial variations are observed between the fluxes
of A-type dwarfs shortward of 1800 A. This has also
been noted by Humphries, Nandy, and Thompson
(1973) from photometric measurements at 1490 A.

It is emphasized that the suggestions made here are
still based on only a small sclection of stars. The sample
size could have been increased readily by including
stars with significant reddening, and this will be done
when the interstellar extinction laws for different
galactic regions have been dectermined accurately.
Further observations are particularly required for
A-type stars and for B-type giants, :

We wish to thank Dr. E. Peytremann of the Univer-
sity of Mons for communicating the results of model
atmosphere calculations in advance of publication.
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THE EFFECTIVE TEMPERATURE OF EARLY TYPE STARS
K. Nandy and E, Kontizas
Royal QObservatory, Edinburgh, U.K,

Presented by K. Nandy
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Introduction. In an-earlier paper (Nandy and Schmidt, 1975) it

has been shown that by the combination of models and the obssrved

. spectral distributions from the visible to the far ultraviolet, a
temperature scale of B and early A typs stars can be derived., During
recent years the ultraviolet flux distributions on an absolute scale
have been obtained for a considerable nuuwber of stars with the sky
survey telescope (82/68) on board the ESRO satellite TD1l. The
experiment gives spectra at a resolution of 308 over the wavelength
range from 13503 to_QSOOE, and a. broad band measurement centred at
27404 (Boksenberg et al, 1973). Ve have also started a program of
obtaining spectrophotometric observations in the visible wavelength
range of a selected number of stars for which ultraviolet data are
available, - This would give the wavelength coverage of the spectral

- data from the visible to the far ultraviolet, 1In this note we shall
present the results for 34 stars in the spectral range from BO to AZ2.

Observations and reductions, §pectr0photomatric observations
in the visible wavelength range (6000A - BADOH) vere obtained with a
photecelectric scanner at the Cassegrain focus of the 100-cm reflector
of Kavalur Observatory, Indian Institute of Astrophysics, India. The
observations were made between 34008 and 50008 in the second order and
between 60008 and 45008 in the first-order, The spectra were scanned
with a2 8lit of 504 width, Ultraviolet data are taken from the spectra
obtained with the sky survey telescope in the TDl satellite. 1In order
to achieve greater photometric accuracy the magnitndes at several wave-
1eng‘§shs (25004, 24608, 2260§, 21908, 20503, 18601, 1660%, 12908 and
13904} are derived from consecutive spsctral dgta points, Thege
magnitudes have an effective passband of 1004, The mean photometric
error of the ultraviolet magnitudes obtained in this way is +0,04 for
gtars brighter than V = 5.0 rising to *0.12 for fainter stars.

The sample of stars studied here contains reddened and unreddered
dwarfs and supergiants. The spectral distributions of the.reddened
stars have been corrected for interstellar reddening, using the mean
extinction law derived from the TDl data, The mean value of total
extinction per unit visual colour excess, A(\ ) Ep_y has been derived
by combining all the available ground bassd and ultraviolet data (Nandy
et 21, 1975). To illustrate, we have shown in Figure 1 the observed
colour (m, = V) for  Per (HD 24398, Bllp, Ep_y = 0.35) by filled
circlas and the (mk_ - V)o corrected for reddening by open circles.

Results, For the comparison of the observed spectral distributions
of ths sters (corrected for reddening) with those from model atmosphere,
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we have constructed a series of model atmospheres, using the model
atmosphere program ATLAS (Kurucz 1970, 1973). The version used
alloys the inclusion of line opacity through the use of distribution
functions based on about 750 000 spectral lines (Xurucz, Paytremann
and avrett, 1972). The effect of line blanketing and the effects of
variztions in the gravity have been discussed by Nandy and Schmidt
(1975) . Tor hotter models the chiefl effect of line blanketing avpears
in the form of an increase in the continuum flux from about 5 per cent
at 60008 to about 15 per cent in the ultraviolet around 1500&i. The
effect of gravity on the flux distributions is relatively small com-
pared with the effect of temperature changes. Therefore, for B- and
early A-type stars the value of log g need not be known with great
accuracy. For supergiants we used Jog g = 2, and 4 for main sequence

- . stars, The temperature is established by fitting the computed

(my. = V) from the models with the observed spectral distributions

(as shown in Figure 1 by the solid curve)., In Figure 2 we have plotted
the effective temperature of the stars studied here, asg determined by
this method, against MK spectral type and against the parameter Q

(U.- B) = 0,72 (B - V). The temperature scales derived by Johnson
(1946) and by Schild, Peterson and Oke (1971) are also shown in

Figure 2, t can be seen that the supergiants are separated from

the main sequence stars in the log Te vs Q plot., For early B stars

the supergiants are cooler than the main sequence stars of the same
spectral type but become hotter near BS.

Details of these results will be presented elsevhere,.
Acknowledgement, We should like to thank Prof. M.K.V. Bappu

for granting us time on the télescope of Kavalur Observatory, and
Mr. Rajmohon and Parth Sarathi for their assistance.
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premaximum spectra and to analyze the relative strengths of the various
emission features in different spectral lines. o8kl
The President. Thank you, Dr. Andrews. I’ll ask Dr. Smyth of ROE -
also to talk on the optical spectrum of the nova, and then we’ll have a fow
questions on this aspect. 2 G
Dr. M. J. Smyth. These are spectrophotometric measurements of Nova i
Cygni made by Mr. and Mrs, Kontizas of the Observatory of Athens, who |
are now research students in the Department of Astronomy at Edinburgh.. " |
We have developed at Edinburgh a simple photoclectric spectrum scanner. -~
which they were using this summer on the 25-inch Newall refractor (formerly - - |
of Cambridge Observatorics) at the Pentelt station near Athens. The nova !
was “discovered”, as far as Athens was concerned, by Professor Plakidis, a. .t+"
Fellow of this Society, who at the age of 84 may well claim to be its most - -
senior discoverer. The spectral scans between 4000 and 7000 Angstroms. .~
were made with the low resolution of fifty Angstréms that was being used at. *- !
the time for studies of reddened early-type stars; with hindsight, a higher -
resolution could have been used. An unusual feature of the spectrum ' ‘!
scanner is the use of a small fraction of the undispersed starlight to provide
a reference beam for compensating changes in atmospheric transparency and .
seeing during a long scan. Equai-altitude ratio spectra, that is the ratio of -
the main, spectrum-scanning, beam to the reference beam, of a Lyrae were .
obtained on the same nights as the nova. Since the reference beam measures ~ “
practically the B flux of the star, at each wavelength the ratio spectrum gives ¢
the ratio of monochramatic flux to B flux; hence by using the knowvn B -
magunitude difference between star and nova we can obtain the ratio spectrum
of nova to a Lyrae continuum. Such novafa Lyrae spectra show a rather =
featureless spectrum at maxirnum, with weak P Cygnt profiles for He and .
HB, and then strongly developed broad emission lines on successive nights. ]
Rapid spectral variations on a time-scale of hours, as reported elsewhere, -
were noticed. Using the kaown absolute spectral distribution for e Lyrae
we can finally derive absolute fluxes of Nova Cygni over the range 4c00
to 77000 angstroms. : il
The President. We must congratulate the optical astronomers on these -
fine spectra. We have time for one or two questions. o
Professor Seaton. Is it a recurrent nova? IR e ot
Dr. Andrews. No, certainly not. It has been hypothesized that this 32 °
virgin nova. One could argue that all novae are recurrent novae, but this -
is the first known outburst of this one. : TR R
Professor Seaton. I notice that the forbidden Fe X line is observed. This
implies the presence of hot (about 108 degrees) gas. For recurrent novae hot :
gas may be produced by interaction between ejected gas and ambient gas .’
from z previous outburst. SRRt |
The President. 'We must continue with the papers so as to leave 2 litde
time at the end for discussion. The next paper is by Patricia Whitelock on
infrared observations of the nova. =
Dr. P. A. Whitelock. The observations I am going to describe are primarily
the results of broad-band photometry between the visual and twelve microns.
The nova light curves show that the 22 7 "cron peak lags about half a day
behind the optical peak; also obvious is the very much slower intensity
decline at longer wavelengths. In fifteen days the optical intensity decreass
by five magnitudes, while that at ten microns drops only three magnitudes.
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oricntations of the orbit were equally likely, the probability of eclipses would

.be just 12f124, .. about 10 per cent; but the above argument which suggests
that sin 7 ~ 1 implies that the probability of eclipses is substantially greater
than that. It would accordingly be worth while for photometric observers to
watch for eclipses at the proper times, as well as to measure the ultraviolet
colour of the system in an effort to refine the estimates of the spectral types
of the components. Eclipses, if they occur, should last up to 3} days; primary
eclipses should have depths of about o™2 in ¥, o™s in B and o™-g in U.
Our orbital elements allow the times of possible cclipses to be predicted
with an error ‘which is little more than onec day 2t the end of this century.

Since the expected radius of the Ko III star is ncarly a tenth of the orbital '

separation of the components, there might well be some interaction between

" the two stars. HD 200428/9 may prove to be a rewarding object, therefore,
for spectroscopic as well as photometric observers. '
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NOTES FROM OBSERVATORIES

SrectroGraPHIC DETERMINATION OF THE CnroMaTIC CURVE OF A
REerracTING TELESCOPE

By D. Papathanasoglon and . Deligiannis
Departiment of Astronomy, Universily of Athen
; and
E. Konlizas
Department of Astronomy, University of Edinburgh

This paper describes a method of determining the chromatic curve of a
refracting telescope. It has the advantage that it can be applied easily with
simple equipment to cover a wide range of the spectrum. The principle of
the process is the following:

In front of the objective 1s placed a diaphragm, having a hole at a distance I
from the optical axis (Fig. 1). The tclescope is pointed at an extended source
with a sharp edge (e.g. the Sun or the Moon). The image is arranged to fall
on part of the length of a spectrograph slit, the limb crossing the slit
perpendicularly near the mid-point. _

The side of the spectrum which corresponds to the limb is curved (Fig. 2).
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Fic. 1
Idealized Telescope

From this curve, which is hardly affected by the seeing, we can derive the
chromatic curve as follows: _

If fx is the known focal length for a certain wavelength (A = k) and
Af = fa—fr where fy is the focal length at wavelength ), then:

4f = afel(l-a)

where a = A[AI, M is the magnification of the spectrograph perpendicular
to the dispersion and 4 the measured value on the photographic plate as
shown in Fig. 2. : = = s

An analogous method has been applied by Hartmann?, who used extrafocal
star spectra, i . 3

The above process has been applied to the Newall telescope (D = 63 cm,
F == 885 cm), which was installed at Pentcle Observatory, near Athens, in
1957, having been presented by Cambridge University. The diaphragm had a
7 cm diameter hole and [ =]21-5 cm. Two different spectrographs have been
used and have given identical results, the first one with a grating® (modificd)
and the other with a direct-vision prism. : =

We 2iso applied]the’samefmethod using a correcting lens for this objective?.
Both chromatic curves are presented in Fig. 3.

uv

i _:_—7

Fic. 2
The Spectrum
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H7 43 as a VisuaL BinNary
By Karl W. Kamper
David Dunlap Observatory

The white dwarf HZ 43, located at 13P 14™ 0%8, +29° 21" 50" (equator
and epoch 1950-0), has been suggested as the optical counterpart to the
X-ray source MX 1313+29, first observed with SAS—3%. A trigonometric
parallax for this star was measured by the present author while at the
Allegheny Observatory®. The value obtained, when corrected to absolute, is
+0"-024 +0"016 (s.e.), which is only sufficiently precise to indicate that the
star is no fainter than expected for a hot white dwarf. HZ 43 does, however,
have a nearby red companion, which might be used to provide another
distance estimate. That this companion is definitely physical is shown by
our previously unpublished measures given in the Table, since the joint
proper motion of the pair is.—0"14/yr in @ and —o™10/yr in §. Orbital
motion, as indicated by these measures, is very slow, as would be expected
with a projected separation of 100 A.U. Neverthcless, if the discovery
position angle, given by Luyten® as 280°, is accurate, there has been a slow
decrease in angle.
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SUMMARY

Ratiometric photoelectric spectrophotometry of Nova Cygni 1975 was
carried out on 1975 August 31, September 2, 3. & Liyr was used as reference star
and its abolute spectral energy distribution was used to reduce the spectro-
photometry of the nova to absolute units. Emission strengths of Hz, Hg, Hy
(in W cm~2) were derived. The Balmer decrement He:FHB:Hy was com-
pared with theory, and found to deviate less than had been reported for an
earlier nova.

I. INTRODUCTION

Among the many independent discoverers of Nova Cygni 1975, and perhaps
the most senior, was Professor S. Plakidis of the Athens Observatory. A photo-
electric spectrum scanner, developed at Edinburgh and then in use on the 0-64-m
Newall refractor (Newall 1896) at the Penteli station near Athens, was immediately
used to observe the nova very close to maximum, and on two subsequent nights,
Low spectral resolution, approximately 5o A, was being used for continuum
studies of reddened early-type stars, and was not changed for observations of
the nova. '

2. SPECTRAL SCANS

A feature of the spectrum scanner is the use of a small fraction of the undis-
persed starlight, abstracted behind the entrance aperture, to provide a reference
beam for compensating changes in atmospheric transparency and seeing, and
guiding errors. The ratio of the main (spectrum-scanning) beam to the reference
beam is obtained by a commercial dc ratiometer®. The main and reference photo-
multipliers are respectively EMI 9558 (S 20 response) and EMI 9781 (S 5
response). A typical scanning speed is 250 A min—1. The ratiometer arrangement
has proved its value (Smyth & Kontizas 1976, in preparation) on nights of doubtful
transparency and on a telescope with poor guiding facilities. It does not compensate
for errors due to atmospheric dispersion, but such errors are insignificant at the
low resolution and small zenith distances involved. It has the added advantage
that, since the spectral scan for any star is ratioed to a non-dispersed measure
that is in effect a broadband magnitude for that star, the ratio of the spectra of
two stars may be obtained provided only that their broadband magnitudes are
known. Thus, if the spectral energy distribution of one star is known in absolute
units, that of the second is immediately obtained.

For comparison with the nova, spectra of a Lyr were obtained within a time
interval of half an hour and a similar small zenith distance (~10°), so that
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differential atmospheric effects should be unimportant. Rapid variations of the
nova spectrum, on a time-scale of an hour, were noted; similar spectral variability
has been reported by several observers (e.g. JAU Circ. 2839), and Marcocci el
al. (1976) have published UBVRI photometry showing variability about three
weeks after maximum., &

If 7 ‘refers to monochromatic flux and Fy refers to flux in the unchspersed
reference channel, then our observations yield immediately ¥, (nova)/Iy (nova)
and F, (x Lyr)/F, (« Lyr) over the wavelength range 4170 A < X < 6754 A
Measurement of shorter wavelengths was excluded by the use of a refractor
with high ultraviolet absorption and a steep focal curve (Papathanasoglou,
Deligiannis & Kontizas 1976). F; (nova) and F; {« Lyr) are obtained from published
broadband photometry; the colour equation (Ref.) = B—o-3 (B—V) has been
applied to allow for the unfiltered S 5 response of the reference photomultiplier.
The Balmer lines in the spectrum of « Lyr, the only lines seen at low resolution,
have been removed by hand mterpolat;on Thus we obtain the ratio spectra
F, (nova)/F, {« Lyr). These are shown in Fig. 1, for the three nights 1975 August
30.95, September 1.90, and September 3.00.

m{nova} —m(Q Lyr)

.

10 - 1975 Aug.30.95 -
AR

ﬁ : 1975 Sept.19
A T

30 \/\ J _
- 1975 Sept,20

{o} \J \ / ,

Hy Fell

| | | 1 1
L500 5000 ) 55C0 6000 6500
A

Ha

Fic. 1. Spectra of Nova Cygni 1975, relative to the smoothed contimuum of c Lyr, on
three nights. :
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Fi1c. 2. Spectral energy distribution of Nova Cygni 1975 on three nights,

On the first night, close to maximum light, the spectrum is relatively feature-
less, showing broad, weak Balmer lines in emission with violet-shifted absorption
components, the characteristic P Cygni profiles. On the two later nights the
continuum is progressively weaker, but Ha, Hp, Hy, and the Nar D-lines show
strong P Cygni profiles, and broad blended lines of Fe 1t and [O 1] appear.

In order to obtain the spectral energy distribution in absolute units, we used -

the smoothed absolute calibration of & Lyr by Oke & Schild (1970), with poly-
nomial interpolation to fit the plotted wavelengths. The resulting energy dis-
tributions in W cm~2 pm-1 for the nova on the three nights are shown in Fig. 2.

3. BALMER LINE STRENGTHS

The emission strengths (W cm=2) of Ha, HB, and Hy on the second and
third nights were measured from Fig. 2 and are given in Table I. The principal
uncertainty is in drawing the continuum from which the strengths are measured,
and may amount to 10 per-cent, or o-0 in the logarithm. In drawing the continuum
we have attempted to allow for the biending effect of nearby Fe 11 lines.
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TaBLE I
Observed emissioit strengths
N (Wem=2)
log F(Hx) log F(HP) log F(Hy) 2
: September 1.9 —13°97 ~I14'54 - —14-8¢ &
\ September 3.0 —14°20 1474 —15'30
TasLE 1T
Hydrogen line ratios
De-reddened
. Theory Observed Av=1 Ay=1'5 Av=2
log (Ha/HP) Sept. 1.9 ‘046 0°57 046 - o'40 0-34
Sept. 3.0 0-46 ©°53 © 43 0°37 0°32
log (HB/Hy) Sept. 1.9 0°33 034 029 026 o0-24

Sept. 3.0 0°33 o056 o-50 o-47 0°45

From these strengths the ‘ observed’ ratios given in Table II are obtained.
Values of the Balmer decrement are sensitive to interstellar reddening, and Table II
contains also values of the ratios corrected for interstellar absorption 4y = 1, 1°5,
and 2, assuming a wavelength dependence A-1, de Vaucouleurs has suggested in -
ITAU Cire. 2839 an extinction of 4y = 1°45+0'3. The column headed * theory’
is a mean of values, derived frém Brocklehurst (1971), which vary by no more
than o'04 in the logarithm over a wide range of temperatures and pressures.
Tue de-reddened values for Ha/HP are in close accord with theory, but the value
of HB/Hy on the third night appears anomalously high. Brockiehurst finds good
agreement between his theory and photoelectric observations for planetary
nebulae, but Bahng (1972) finds a much smaller Balmer decrement, e.g. values
of log (Ha/HPB) between 0-23 and o-20, for Nova Cephei 1971 about a month after
maximum.

4. CONCLUSION

The use of a ratiometric spectrum scanner and of a reference star with a
well-determined spectral energy distribution has enabled us to display the spectrum
of Nova Cygni 1975, on three nights at and shortly after maximum, on an absolute
energy scale. After allowance for interstellar reddening the Balmer emission line
ratios are, with one exception, in good agreement with theory. Published scanner
observations of novae include those for Nova Aquilae 1970 (Grenfell 1g71), which
show continuum points only; and those for Nova Serpentis 1970 (Wagner et al.
1971), which are given in relative energy units and do’ not include line strength
measurements. Thus the only comparable measurements of the Balmer emission
line ratios are those of Nova Cephei 1971 about a month after maximum, when
Bahng (1972) found strong departure from theory; and of Nova Persei 1974,
when Weiler & Bahng (1976) found Ha/Hp near the theoretical value but a very
low value of HB/Hy.

After this paper had been submitted, photoelectric spectral scans by Tomkin,
Woodman & Lambert (1976) appeared; their higher resolution should assist in
the elimination of the effect of blending, but the spectra are not on an absolute
scale and the Balmer line ratios cannot be directly determined.
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