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O:: _SOME PHOTOGRAPHIC AIDS FOR T VRASUREMENT OF 4STRONOMICAL SPECTRA

X{.V.Bapru

Indian Institute of &istromaysics, Bangalore, India.

It is common exverience that most solar ani stellar spectra seldom
have the sharpnesz and contrast that we see in svectra of 2 supergiant
like Canonus or of a star like Pleione that is in its shell vhsse. The
measurement of a uvavelen~th of the line for purposes of a velocity or
the evaluation of a distortion ir a linc profile needed to assess the
contributor of the companion in a binary system are typical aspects of
interest that have motivated several svectrosconic nrogrammes. In the
solar case the dismpersions needed are so hish that the svectral features
recorded are diffuse and broad and hence call for snecial techniques
of measurement. It is esvecially so with the two dimensionzl aspect
of information scusht for from either high dispersion sclar spectra or
monocaromatic pictures of hig: spatial resolution.

There have been many devicers of a general nature available in
recent years that lighten avnreciably the task of the measurer and the
demands on his elzill. As a consequence, there is much improvement in
measurement accuracy, now available, and a rreater array of jhenomena
accessible to quantitative zawprazisal. The Tomkins and Fred device
that has evolved into the commercially available Grant machine, and
the fast computer controlled micrevhotometers have all ushered in an
era of measurement aprlications intc routine use that make the uimost
of the multiplex asvect of astronomical photorraphy. There are of
course svecial situations that call for modified avproaches relevant
to the svecific task on hand. I propose to cive a brief account of how
we have, ut rodailsanal and Banralore, tackled these situations by
inexvensive vphotosranhic nrocedures that are simnle, versatile and

capable of much accuracy.

wogt of these tecinicues of measurement have derended on the
annlication of the Sabattier effect. The method of equidensities and
the use of the Sabattier effect to generate them are detailed in the
monocravh of Lau and ¥rue (1957). The first artrophysical use scems
tc have been made by Schrdter (1958)when he derived curves of constant

density to investipate the sizes of chronocnheric elements and theilr



264

random Dopvlershifts, as inferred from high rezolution solar svectra.
The techniques of eguidensitometry gained considerable stimulus from the
demonstrations by Idgner and Richter {1364z, 196£4) of the range of
versatility in avplication. It ie now standard procedure to use the
Sabattier effect for photomeiry of the solar corona (Ldchel and Hdgner
19655 Bappu and Bhatnagar 19693 Beppu, dhattascharyya and Sivaraman 1973)
or of comets (Richter and HSgner 1964b) and of galaxies (Richter and

HOgner 1964b; Hodse and Brownlee, 1966).

There are numerous situations in astroromical speciroscory where

ct

the features to be measured are bhrcad and diffuse. In the case of
stellar spectra, the shallowness of spectral lines in some stars, nake
velocity measures difficult and of doubifwl accuracy. For bright stars,
high contrast emulsions used to record the spectra have =2ided a rreat
deal. Struve's (1940) radial velecity study of ithe important eclipsing
binary system /u}, Scorpii with Eastman process emulsicn or our study
(Ganesh and Bappu 1967) of the southern Wolf Rayet binary 3? Velorun
with Ilford N-40 vrocess emulsion and Ilfoxrd Thin Pilm Half-Tone plates
are examples of how necessary it is to use emulsion of high contrast in
such programmes where the svectral lines are broad and shallow. In
subsequent studies made of 3? Velorum at Kavalur, we find thait it is
preferable to use even narrow spectra on high contrast emulsion than
well widened spectra on the standard fast astronomical emulsions in

common VOgue.

Similar arguments vrevail in the case of solar spectra where the
very high dispersion employed spreads out over the emulsion any line
which has the Doppler width consistent with the photosnheric temperature.
But, since solar spectra involve measurement of snectral characteristics
of features on the solar surface thal are of low contast, and wnich are
subject to seeing fluctuations, a compromise on exposure time becomes
very essentizl. One aims at obtaining exvosures of the order of one to
two geconds at moments of good seeing on emulsions equivalent in srain

size and contrast to the ZEastman type IV or type III.

A long time ago FEvershed (1913) had developed the positive on
negative method which by a process of visual subtraction yields results
of greater precision and with a convenience of measuremen: unattained by
the conventional micrometer method of line position measurcment. The

method is simple and works effectively even when spectra of dispersior
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ten times higher than that used by Evershed are employed. On recent
occasions when we had been engaged in vroblems of the Evershed effect,
much the same procedure (Bhatnagar,1966) has been followed with a minor
variation; we now project the svectrum on a positive enlargement and

obtain the 'grey' matenh visually or by photoelectric measuremeni of the
minimum in the diffuse scattered light.

The positive on negative method meets with difficulty when the line
is asymmetric; as it would be wher the 'flap! effectn of Ivershed [low
zppenr. It iz in situctions of this kind that equidersitometry can be
used to much advantare. The equidensity contours can be chosen to have
values that show up the phenomenon of asymmetry spatially on the solax
surface feature. One thereby obtains the value of the displacement with
respvect to some suitably chosen origin as the sunspot umbrz centre or

the umbra-venumbra interface.

We encounter a similar vroblem in the measurement of radial
velocities of lines in Wolf- Rayet spectra where the lines are vexy
broad and sometimes asymmetric. Most spectroscopic orbits for binary
systems wittholf-Rayet components are based on micrometer measures made
visually or in recent times by means of the Grant machine. The Hell
4686 emission line has very often an asymmetric line orofile. The
measurement of the centre of gravity of this emission feature poses
much difficulty. By the methods of equidensitometry one can easily
locate the midpoint of a section of the emission line at a convenient
density level and measure its location with respect to the comparison
lines. Figure 1 is a Sabattiered vergion of a svectrum of the
Wolf-~Rayet star 4D 191765. This experience leads us to believe that the
equidensitometry technique can also be used very effectively in the
measurement of stellar magnetic fields and extended to objects that

are not very sharp-lined.

For some time now we have been having a programme of the direct
evaluation of chromospheric heights over active regions. When a sunspot
that is very close to the limb is examined wiih a radial slit, the core
of 2 strong line experiences a shift towards the limb. Such shifts,
if earefully evaluated, are very effective in indicating the
properties of a spot region at normal chromospheric heights. The
diffuse nature of the seeing~affected sunspot image call for the use

of techniques that‘keep errors to a minimum. We have adapted the
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Figure 1. A Sabattiered version of the spectrum of the Wolf-Ravet
star HD 191765 for measurement of velocity of TelI 4586

SPOT
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Fipure 2. The neutral helium line in the chromosphere and over
a sunspot.
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equidensitometry technigue for this nurpore, By Sabattierines the

spectrum negative we obiain graded contours whose position can be

readily evalvated against a fiducial line in the continuum like a wire
shadow across the spectrum. The wavelength devendence of the chromospheric
feature is easily measured by a conventional micrometer, for where we

would originally have a wide diffuse feature to set on, the vhotogravhic
aids we have resorted to, Sive us a narrow line for measurement.

Fisures 2 and 3 are examples of such contours that we have used.

The Sabattier effect can also be used in anplications where the
image of the feature of interest is of very small dimensions. Two
types of study, where we have also profitaXly nsed the equidensitometric
technigue, are briefly described below. The first refers to isovhotes
of the Dl’ D2 lines of sodium in comets. We have heen interested for
gsometime in the behaviour of sodium emission in the cometary coma and
tail. At the time when Comet Kohoutek had just passed perihelion
vassage, we tried to study the distribution of intensity in the coma
of the comet in the Dl angd 32 lines serarately. For this experiment we

nad to obtain a monochromatic picture of the coma in each of the two

}=

ines of sedium. We did this by openins up the slit of the svectrograrh
to a width where the two Dl’ D2 slit imames would begin to overlap. The
grating used had hish dispersive vower so that one could make the
entrance slit as wide as rossible without losing the spectiral resolution
needed for the exveriment. We wexe able to obtazin monochromatic
victures that cover an area of 40" x 5" of the coma. The intensity
gradients in the coma are steep. But by use of the Sabattier effect,

we obtain the equidensities shown in Figure 4.

Another use of equidensitometry that we have utilised to
advantage is in stellar photometry. Iris diaphrasm vhotometry from
exposed photogravhic vlates of astronomical objects is one of the many
areas actively pursued by astronomers. We find that a sin~le stage
Sabattiered vplate of a cluster or known star field, can in combination
with a measurings machine for measurement of diameters yield magnitudes
of accuracy comparable to those obtained with an iris photometer. In
Figure 5 we show a Sabatiiered print of a portion of the central region
of M67. In Firure 6 we note that the diameters of the star images
measured correlate well over a large magnitude range with photoelectric
masnitudes of the cluster derived by Eggen and Sandage (1964). The

relationship is linear over most of the range plotted, Calibrated
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Figure 3. A twice Sabattiered orint of a K-line spzctrogram
with radial slit through the snct umbra.

Figure 4. Equidensitometry of a photosraph of tha coma of Comev
Fohoutek in Dl and D2 of Sodium.
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Fipure 5. A gingle Sahattiered nrint of >

£87 taken with the 102cm
Ritchiey~Chretien reflector at Kavalur.
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Fimure 6. The linear relation between image diameters measured
on a Sabattiered v»rint and v»hotoelectric V magnitudes
of BEggen and Sandage.
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equidensitometry can thus be used for magnitude determinations also.
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DISCUSSION

HOAG : 1Is there not a degradation of the astrometric properties of

Sabattier prints ?
BAPPU : We do not apply astrometric techniques to these prints.
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