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AN AUTOMATED SPECTRUM SCANNER

M. K. V. BAPPU

ABSTRACT

A rapld-sosn single channal speotrum scannar In tha Ebert-Fastls arrangement has been oconstructsd and
sucoessfurlly used on the Kavalur 102-cm reflector. The speatral reglon 3000-110004 Is covered with appropriate
dry-lca cooled photomultipliers. Date scqulsition s by a 4K computer with sultably developed software,
Examples are glven of uss of tha Instrumant in providing spectrum socane of Wolf-Rayst stars and gaseous

nebulosities.
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1. Introduction

Photoslectric spectraphotometry plays a dominant
rofe in present-day astronomy. The accurate measura-
ment of Intensity In narrow wavelength regions
covering the speotrum Is Important In eveluating the
continuous enaergy dlstribution, the Intensities of
absorption features, or the brightness of emlaslon
characterlstics. Ground besad measurements of these
featuras have conatltuted our primary sources of data
of this kind. Hence Instruments employed for this
purpose have to be such as to fecllitate quick and
ecourate acquisition of data that Is not limited by the
problems of trensparenoy varlatlons,

Many photoelectric acanners have bean described
in the Iiterature of the past two decades. Those of
Lliler (1857) and Oke (1969) have been the flret of
thelr kind exciusively employed In astronomical
spactrophotometry. With the advent of the minl-
computer, a measure of automation has besn fnoor-
porated In spectrum scanning that enable fainter limits
of photometrlc moasurement. Bahng (1871),
Honeyoutt (1971), Haupt et &/. (1876) have demon-
atrated the efflcacy of such Instruments, We describe
in the following pages an Inatrument developsd on
similar lines for use st Ksvalur on the 102-cm
reflector,

2. The Scanner

The optloal system adopted Is of the Ebart-Fastie
type with a spherlcal mirror of one metre radius,

Entrance slots are Incorporated In a oiroular dia-
phragm whloh can be selected at wlil. Thesa permit
a range of obsarvations covaring point and extended
sources. Three of the elots are clrcular with dlameters
of 800, 800 and 1620 microns. The remaining two
are rectangular with the longer dimension of 6mm,
perpandiculer to the dlspergion. The widths paralle
to the disperaion are 2000 microns and 260 microns
respactively, The oxit slot is a conventional spectro-
graph slit that can open to a8 max/mum width of 6mm.
A fliter holder In front of this slot snablss Isolatlon of
overlapping orders. The standard grating in use Is
one of 600 lines mm-1 that is blazed in the first order
at 76004, A second grating of 1800 lines mm-1 and
blazed at 60004 has been used for nebular studies to
measurs Intenslties of the [N 1I] forbidden lines that
flank Ha. The grating le driven through a worm
whaeel and gear by a stepping motor with 200 ateps
per revolution, Each step corresponds to 10A and

31 for the two respective gratings In the first
order.

The scanner Is fitted onto an offset arrangement
that permits faint star gulding through an eyaplace on
an X-Y arrangemant. Different cold boxes fitted with
quartz Fabry lenses, that Image the primary mirror
onto the photocathode, can be mounted at the exit.
slot end, Photomultlpliers in common use on’ this
Instrument have been EMI 6266 B (813), ' EMI 8568
(S20) and ITT-FW 118 (S1), that permit spectrophoto-
metry from 30004 to 110004,
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The grating drlve is linked to a dial gauge that
permits waveiength estimation. A mercury spectral
lamp s used for wavelength callbration. The lamp
shlnes off the reverse diffuse slde of tha 4B° mitror
of the off-set gulde and can be ussd for wavelength
refarence slmost Inatantly. The scanner also has a
manual flne control with readout that may be used
addltionally at will.

The scanner functlons essentlally as a aignal
averager in the rapld ecan mods. The photoslectron
pulses are amplifled, discriminated, counted and stor-
ed In the appropriate memaiy locatlon of an ECIL TDC
-12 (4K, 12blt, 2us) computer, which thus functions
both as a multichannel scalar a8 well as the control
unlt for epectromster operation. A meximum of 218
such channels Is available In the foiward scan and an
equal number for the reverse acan, In the direction of
decreasing wavelength.  Alternately, the number of
channels in the forward mode can be 432 i one
does not use the raverse mode. The outputs for
forward and reverse soans are treated separately and
made avallable for printout by the teletypawrlter, on
command, Conversation with the computer, prior to

commencement of a scan, pertalns to psrameters of
system generation. By adjustment of the reference
channel, the first channs! for counts can be located at
any poasltion of the spectrum, This is usually done
with the ald of the mercury Jight sourca, but can alsc
be performed on the basis of the ster apectrum mea-
sures obtalned or the dlal gauge reading. If reverse
scans are also to he utllized, provislon cen be made
for counteracting backlash by a known shift of chan-
nel nomenclatura. Thls value has never exceadad one,
as dorived fiom repeated scans of the Hg emiaslon
spactrum. The first and last channels are apeclifled,
after which the choica of mode of scan remains. Where
unknown features In a spectrum need to be surveyed
or where over a wavelength reglon limlted by the
spectral sensitlvity of the photomultiplier, the entire
spectrum has to be daplcted, the sequentlal mode with
channel spacing can” be speoifled. Alternatively,
when certain known ebsorption or emlsslon features
have to be measured aver widely separated portions
of the spectrum the "'random’’ predstermined mode
is adopted and spacific channel numbers to be cover-
ed, Indlcated to the computer. The duration of
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photon counting in each channel is specified. This
in principle can be any Integral value greater than |
millisecond, and depends on the sxperlment and the
nature of the transparancy of the sky, The total
number of acans needed can &also be communicated
to the system. The facillty exists, however, for the
experimant to be etopped on command, at the end of
any scan and can be continued agatn If the print-out
of data indicates thet the counts accumulated have to
ba augmented further.

The exparimentar has two ways of monitoring tha
scanning. The flrst Is on the oscilloscope whare the
bulld-up of the spectrum Is Indicated. The aecond
is on the teletype whare atthe end of a pradetermined
interval, that ls repstitive, the computer prints out
the maximum &nd minlmum values of counts stored
In Its memory. Such Information Is found to be suf-
ficlent for monltoring the count accumuletion; It [s
satiefactory for both continuum maeastres as well as
in cases where a large range in Intensity, ea for
emisslon-line objects, [s belng recorded. In the latter
ocase, where the peak Intensity of the emisslon linais
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Elg. 2. Soens of thres sauthern Woll-Rayst stars of the

nitrogen ssqusnos.

very much greater than the gsensral level of the
spectrum, the possibllity of reglster overflow |a
accommodated In the softwars, by the automatic
assignment of double word storage.

3. Instrument Performanoce

Tha senasltivity of the Instrument te derived from
scans of etare whose continuyum fluxes are weil known,
The hot stara with & minlmum of absorption Ilines are
admirable for thls purposs. A sonveniently logated
star that provides & demonastration of the Instrument
sensltivity s ¢ Puppis. Figure1 shows a scan of this
star with 104 rasolution that covers the wavelength
reglon 33004 to 4900A. The Pickering series are
diacernible. But the Of characteristios of the star
with He Il 4688A and the N i 4634-42X lines In
emission are dominant.
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Fig. 3. Scansof v2 Velorum (HD88273) Inthe blue, yellow and
near-Infrared raglons.

The [nstrument was dealgned for spectrophoto-
metry of Wolf-Rayet stars and therefore has many of
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the features needed to cover the range [n intenslty of
the epectrum as well as the means of obtaining line
contours within the limitations of resolution of
o slitless instrument. Flgure 2 shows scaens In the
4000-4860 region of three stars of the nlttogen
sequence HD 60886 (WNB), HD 92740 (WN7?7) and
HD 83131 (WN7), obtalned with the Kavalur Instru-
ment, with spectral 1esolution of 10A. The gross
characterlatics that form the basle of Lindsey Smith‘s
(1968) classification are apparent. The lonized
hellum line at 468681 is dominant In HD 60896, with
the line at 4200& of appreclable intensity. The
Intensity of N lil In the 4634 complex waakens with
respact to He Il 468634 as we go over from WN7 to
WNB, whila N |V 4068% plcks up in Intensity. Even
in the same spectral class there are subtle diffarances
betwean HD 82740 and HD 93131. Notice the
Intenslty of N IV 4068, In comparlson tc He Il 43404
or NIll 4380. Ona finds the 40684 line sironger In
HD 83131 than In HD 82740,

A faw representative scane of the Wolf-Rayet
binary ¥* Velorum, that cover a good apactral range,
oan be seen in Figure 3. The blua scan shown in the
flgure ia with an exlt slot of 44, and has been
obtalned In the eecond order of the gratlng with a
channel spacing of 6A. The yellow soan was regorded
In the flrst order with channel spacing of 10A., The
effagt on resolutlon of the channel spacing ls Imme-
diately apparent when one examines the 4660-48864
complex. At the bottom of the dlagram Is the Infra-
red scan obtalned with the S1 photo-eensltive surfece.
This shows among other features the He | emisslon
line at 108304, A 104 exit elot was usad In this scan,
The P Cygnl aspect of 108304 Ia strlking.

Closely spaced emileaion lines are bettsr resalved
with the 1800-line grating, and the apectrometer can
therefore be very useful In studiea of gaseous nebulo-
sitles, WIth the entrance slot rectangular In shape
and with the longer dlmension parallel to the grating
rullng, a scan of the lonizatlon front near the
trapezium In the Orlon Nebula le shown In Flgure 4.
The reglon covers ths wavelength domain 8600~
87604 for providing Ha, [N Il] and [S II] ratios. A
separate scan of the Ne spectrum establishes the
wavelength scale for the different channels. The
entrance alat admitted a portion of the nebula 96* x 8*
in extent and the soan was performed with a resolu-
tlonof 86X, The [N li] lines are well separated from Ha,

which Is very intense.
resolved,

The [$ II] lines are also well

4, Summary

The automated spectrum secanner in the slngle
channel mode has now been in operation for several
months with a performance that has been very satis-
factory. When It functions in the rapld acan mode,
poor transparency has little noticeable effect on the
data obtained, specleally when only relative spectro-
photomstry iathegoal. This has bean demonstrsted
aearller by Bahng (1871) and Honeycutt (1978). Our
own experlence conflrma that much useful material
can be obtalned even when transparency conditlons
ara 80 poor that only spectroscopy may have provided
a result during the night. Besldes thls advantage,
the possibllity of photoelactric preclsion with averagad
signels Integrated over seconds of photon count-
Ing and over an extended spectral reglon, does
Indeed offer numerous poasslbllitiss in measure-
ment of Intensities, relstive speotral Indices eto.
that are needed In galactic and extra-galactio
astronomy.
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Fig. 4. Ascan of the reglon 8830-6750 A In the Orlon Nebula.
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