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ULTRA-LOW DISPERSION SPECTROSCOPY OF STARS AND GALAXIES

M. K. V., BAPPU and M. PARTHASARATHY

ABSTRACT

Applloatien of ultra-low dieparsion spoctrosoopy (10.000% mm") Is desoribed to study tho nuolel of
olliptioal galaxies, the quasl-siollar nbjucts and lorthe discovory of faint OB etars. roddonod sters and red
sters. The instrument used 18 an {/2 alitless spoctrograph with a throo degres quarts prism at the Cassegrain

toous of the 102-am Rito my-chrallon roflootor at Kavalur., Tho spootra cover a hiald of 40 minutas of arc and
the disparmon Is 10,0001 mm'. Ultra Inw disporaion spactra {microspecira) wero nbtalnod for ({ftoan olfiptizal
and three 80 galaxlos from the list of Lkoere and Ekare (1973) who claesifled them a5 compaot erdd oxtended
sources from tho cbservations ol radio omissinn at 8 om. From an anslysis of milarospaotrs and from direct
photographe with graded oxposure timaa, wo find thot all compact radlo golaxion In the Ekars list also have
optioally compact nuclol. Somo of thuso alliphwal galaxlos with compaot nuclol show enhancement of
Intensity In the blus-violat roglon.

Woa have also appliodi tlus ullra-low dieporsion teafmiqua lo study tho quaal-stollar objaots, From an
oxaminstion of mlorospeotrn of lorty-threae of tho known quasi-siellar objoois of diffarant radshifis
wo find that tho most atriking oliracionstlo of tho spootra is thelr flal appearance. Comparisons with
microspactra of atellar objocta shaw up tho Q80*s tn possoss contliuum onorgy distnbuttons difforont from
these objects. This charnotoristic flatncsn ie also nntlood In the miaraspootrum of tho farge rodshift quasi-
stallarobjoots ke OH 471, and 00 172 wlhichdn nothavo UY exoess, Deoauss of thia aharecteristia diffoienae
In the epposrance of the microspeoira of the quasi-stollar objecta and stellar objoots, It is possiblo to detent

new QB0’s with tha techniquao.

An applloation of thie toahniqua to dotect rad starain our galaxy and In the Largs Megellanio Cloud

|s disoussed,

Koy Words : low disparalon spoctrosaopy—quasl-stellar sposira--compaot galaxies -red etar doteation

1. Introductlon

The slitless spectrogram has baen the principal
means of spectral sampling employed In astrophyslas.
For large surveys of objects having gross characterl-
stice that are easlly recognisable, it has remalned e
technique without pesr. Restrlctions of light gatlroring
power and the Increasing number of objocts in a fleld
as one goes fainter heve been a IImitation. The firat
can be partlally over come by decreasing the dlspor-
sion, a procedure which causes loss of Information.
If, however, the objects thatare sampled have features
recognlizable at such low disparalon values, one can
lsolate theee objects for later detalled scrutiny,

A procedure commonly used, s filter photagraphy
where Intenslties In bands of the spectrum of a

thousand angstroms In width convey information on
the spectral energy distribution of the object, More
Informative Is the use of very low dlsperaion spectra
a8 was firet omployed by Morgan, Meinel and Johnaon
(1964). Spectra of digporsion 30000A mm! were
able to differontleto betwoon early type aters and
Intrinsically red stars or raddened O and B siara. Tho
technique was exploited by Schulte (1866) te Identlfy
new members of the VI Cyg assoclation, which Is
extromely roddened, Since then, there have heen &
fow efforts to uae low dispersione of the order of 2000
to 4000A mm™', Markaryan (1867) has employed
such a procedure to detect galaxies which show an
UV excess, while Phll'ip» and Sanduleak (1965) with
crossed objective prisme have dstermined speotrel
Indices of galaxles In clusters. Hoeg and Schroeder
(1970) with a higher dlspersion of 1000X mm! have
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shown how slitleas transmisslon grating spectra can
be used for the detaction of apectral featurss in the
quasi-stellar ob|acts that will pramit even a2 measure
of the redshlft.

In what follows we describe our application of
ultra-low dispersion (100004 mm!) to the study of
the nuclel of elliptical galaxles, the quasl-steller
objects and surveys for the dlscovery of rad and blue
stars,

2. The Tachnique

We employ an /2 slitless spectrograph with a
three degree quartz prlsm at the Cassegraln focus of the
102-cm Ritchey Chetlen reflector at Kavalur., The
spectra cover a fleld of 40 minutes of arc, Eastman
Kodak 103a-E emulslon used In the Schmidt camera
onables ug to obtaln spsctra in the range 3600-6800 A,
with the green dip of Insensltivity of the emulsion
providing a wavelength refarence for Judgemant by the
eye. Tha spectra are unwldened and are about 260
microne [n length along the disparsion.

3. Nuglal of elliptical galaxies

Radio surveys of over two hundred nearby elliptical
galaxies by Heeschen (19688, 1970s) and Rugstad and
Ekers (1869) ravealed that a faw among them are
radio sources but with lower radio luminosity than
thosa usually conaldered to be radlo galaxies. On the
basls of thelr radlo structura and spectra, Hoeschen
(1970b) was able to lsolate a class of active sources
In these galaxies that were confined to very restricted
slzea end which displayed the varlely of complex
spectra found normally In the varlable quasi-stellar
sources and the radlo galaxles. From these radio
studies Heeschen suggested that the actlve elilptical
palaxies have minlature quasi-stellar-llke nuclel,

Stimuleted by thls finding, Heeschen, Morgan
and Walbom (1971) examined the light distributions
in some of theae radio-emitting sellipticals and found
major differsnces In the distributlon of light I[ntensity
In tha Inner reglonse of thess objects. Typlcal of thelr
two extreme cases are NGC 4488 and NGC 46562,
The former has a weak compact source In the nucleus
with most of the radio flux, that follows the power
law spattrum, coming from a larger reglon. NGC
4562 on the other hand has only e weak emitting
compaot source [n the nucleus but with a spectrum
that Is flat. Heeschen et &/. (1971} showed that
the nuclear light intensity distribution for these two
galaxles was quite dissimilar; NGC 4486 maintains a

diffuse aspect on short exposure photographs while
NGC 4662 shows a high surface brightnessat the
centre with a steep gradient of fall In Intenslty away
fiom the nuclear reglon.

Our microspactra of thesse two galaxies show the
striking difference in the appearance of these two
categories, Since we use the 103a-E emulslon, the
green gap of Insensltlyity I8 sesn in the microgpectrum
‘of a star. Whon the source of radiatlon Is extended,
this gap Isfllled in by virtue of the extonsion of the
source. The preeence or absance of the green gap
thus becomes our prima ctiterlon of classifying a
compact nucleus, For, when the nucleus Is compact,
its stesp Intensity gradient simulates the appearance
of a starilke Image, rendering our procedure of
detection an easy possibllity. The micrespectrum
8lso indicates the energy distribution untll 3600 A,

A recent study by Ekera and Ekers (1973) on 81
E and SO galaxles for redio emisslon at 6 cm laolated
19 radlo sources. Obsetvations at high resolution
enabled thess 19 to be classifled either as compact,
extended or compact-extended acurces.

Woe have obtained microspectra for fliteen
elliptical and three SO galaxies, All these, with the
excepiion of NGC 3091; flgure In the Eker’s list of the
6 cm survey., We have examined microspectra of all
these galaxles and categorize them, principally Into
two classes; concentiated and difuse. Whan the
spectium shows up a nuclear concentration with a
diffuse halo, we term It **concentrated-diffuse’’, Slnce
the micro-spectrum method of classlflcation rests on
the evaluation of the [ntensity gradlent In the nucleus,
the ‘‘concentrated” have a very steep gradient,
when compered to that of the ‘‘diffuse’’ category,
exhlbited by most nuclel. In Table 1 we list
the type that we asslign from such a conslderation of
the microspectrum, Also llsted Is the nature of the
radlo source assoclated with each object, as given by
Ekera and Ekera, All the compact radlo gelaxies of
this list are also soen to be optically '‘concentrated’’.
NGC 4278 has a radio source classifled as compact
oxtanded; the optical aspsct [¢ a *concentrated’’
nucieus. We, however, clesaify NGC 3078 that has
a radlo source of type CX, as one that has a falr
mensure of concentration of Intensity In the nucleus
and which Is surrounded by a diffuse hale. Ws term
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Flg. 1, Ultra-low dispersion spectra of various objects. Long wavelengths are to the right. The discontinuity in the denslty shortweard

of red is due to the sensitivity dip of the emulsion in the green.
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Table 1. Conocentration typa of galexy nuclel
Morphological Radio Source Optlcal source
NGQC type type typo Romarks
a3 80 X Pifiuso-
Concantrated
741 EO X Conocentrated
1082 E3 c Conoantratod Blue
axtanded
1389 E2 X Diffuse
1687 E1 c Conoantratad Blue
extended
1800 EB - Concentrated "
1700 E3 - Concentrated "
2011 80 c Conoentretad .
2086 E2 - Concentrated "
3078 B2 cX Concontrated "
diffuas
3091 E3 - Concontrated "
B f:<) E2 - Concantrated "
diffuso
3068 80 c Concontrated '
4281 E3 X Diffuso
Conoentratod
4218 E1 cX Concontrated “
4488 EO XC Diffuso
4682 EO Concentrated
BO77Y E3 Concontreted

galaxles llke NGC 4261 as “diffuse-concentrated'’
since It has a falnt concentration [n the nucleus, In an
otherw!sa diffuse outer domalin.

Typlcal of the diffuse nuclsus In the gelaxles we
have surveyed ls that of NGC 4486. Tho well known
radio source associatad with this galaxy ls extendad
In nature with a certaln amount of compactness,
However the microspectra show no steopnoss of
intensity gradlent near the centre of the galaxy, as Is
easlly seen on the direct photographs of this object,

Radlo galaxies In general have a tendency to
dieplay emisslon lines, but thig l& by no means a well
correlated characteristio. Ekeis and Ekers show that
compact nuclear sources are sirongly correlated with
the Incldence of emisslon In the spectrum of the
nucleus. However, NGC 4562 with a compact
nuoleus showa no lines In the apectrum as is the case
also for NGC 3078, whioh has a compact extended

redlo source In the nucleus, Bath nuolel are
“concentiated'’ In our terminology. On the other
hand NGC 4488 which has a radlo source In Its
nucleus and is '‘dlifuse’ In appearance clisplays the
forbidden lines of oxygen at 37274 of good Intensity.

Tha presence of 37274 In the nuclear emisglon
spactrum cannot be asseseed from miciospectra, But
thay do show up a characterlatic of enhancemnent
of radiatlon in the blue part of the spactrum that
prevells In some of the nuclel we have examined,
better than In others. In column flve of Tabla 1 we
indicate thls featura, The ‘‘diffuse” nuclel do not
have it. But what ls striking la that NGC 4662,
which 1a a fine axample of light concentration in the
nucleus doas not display thia charactaristic.

Wo aleo have direct photographs taken with an
f/6 foocal reducer at the Cassegrain focus, of slx of
these galaxies In our list, These exposures are graded



4 M. K. V. Bappu and M. Parthasarathy

to enable an estlmate of compactness in the visual
Image. The differance between compact and extended
objects & quite strikilng. In terms of compactness, the
gradation I8 NGC 3078, NGC 3998, NGC 4278, NGC
4281 and NGC 4488.

4. The quasi-stallar objects

The prasence of an ultraviolet excess In tha contl-
nuum energy distribution of most of the quasi-stellar
objects has been an important criterlon hitherto used
to establish an optlcal Identlflcetion from a knowledge
of the radlo position, Subsequent scrutiny, st the
commonly used disperglone In nebular spectroscopy,
provide the evaluation of the radshift, when a satis-
factory set of lines can be measured In the spactrum,
Sandage’s (1966) discovery of radlo quiet quasi-
stellar objects, and that simllar ultraviolot excasses
prevail In thelr specirs, has pompted several searches
for such objects in dlfferent arsas of the sky. Richier
and Saheklan (196b), Braccesi, Formigginl and
Gandolfl {1970) and Sandage end Luyten (1967)
heve undertaken many of these surveys. Since many
othar galactic objects also dlsplay enhanced intensi-
tles In the ultraviolet, a epectroscople study of each
object Is celled for, before Its Idantily as 8 quasi-
stellar object can be firmly established. [n view of
the fact that we nead to have a large sample of such
objects for detalled study, before we can elucidate the
role of the quasl-stellar objects In our studies of
cosmelogy, more definitive search techniques are
needoad that can esslly Improve on the candldscy
of any particuler obJeot for a subsequent apsctroscoplc
evaluation. We belleve that the technique of
microspectroscopy is capable of quick detection of a
quasl-stellsr object, with the advantage that It can be
extendad to faint limiting magnkudes,

Woe have obtalned ultra-low dlspersion apectra of
forty-three of the known quasi-stellar objects (QS0)
of dlfferent radshifts, The most striking ocharacterlstic
of ourspectra s the rather ‘flat' appearence over the
entlre wavelength reglon from the violet to the yellow.
The intenslty In the red s usually higher than what one
would expect from the gradlents n the spectrum on
elther elde of the gresn gap. Comparisions with
slmilar microspectra of white dwarfs, and objects Ilke
HZ Hercules, show up the QSO's to posases contlnuum
energy distributions different from these objects, On
the redward slde of the green gap the blackening, In
the case of the QSO, shows a vary slow increass untll
about 6800 &, Thereafter the Increase is very rapid, a

pattern d|ffarent from that followed by the white dwaifs
or HZ Hercules. Simllarly on the shortward side of 5000
4, the combination of emulslon and continum energy
for a white dwarf gives optimum blackening around
4200 A. in the casa of the QS0, such Is not the casa,
and a gradlent is maintalned that Ia hardly stesp,
Thuys, the combination of continuum energy dlstribu-
tion and emulsion used, renders detectlon of the
quas|-stellar object, a slmple task. .

Support for thls approach Is also obtalned from
the spectrophotometric studles of Oke, Nougebauer
and Becklin (1970). The low values of the spectral
index obtalned by them for the QSO Indicate the low
giadients oneshould expect In the Intensity distribution
on the Eastman 103a-E emulslon. Spectral indices
as obtained fiom powe) |aw rapiesentations for white
dwarfa and blue stars, differ conslderably fiom the
velues of -0,2 to 1,6 obtalned by Oke at a/. (1970).
Thesee authors also show that the radio quiet objects
Ton 266, PHL 938 , and PHL 1070 observed by them
Indicate no differences from those that are strong
radlo emitters. Our microspectra of the radio quiet
objects, Ten 163, Ton 167, Ton 266, Ton 480
Ton 1630, Ton 1642, and PHL 867, all display the
characterlstlc flatness In the blackening on the
emuleion that we eee in simllar spactra of the 36 radlo
emittars we have sampled,

Included In our flrat llst of objects to be suiveyed
woere flve of those llsted by Brown and McEwan
(1872). Two of these at the time of study weie
beyond our limits of datsctlon. Microspectra of the
other three, PKS 0106-008, PKS 0808+ 019 and PKS
17064018, show the characteristice of the quasi-
stellar object, thua enabling us to conflrm the optical
ldantification.

The large redshlft quasi-stellar objeats like OH 471
and 00. 172 show no ultraviolst excess. Thus the
ultreviolet excass criterion In the UBV teshnique has
Ita limitations for QS0's with larga redshifts. However
the characterlstics of the QSO mlcrospectrum continue
to be seen In theae objects,

B. Faint star speotral classitioation

Information on spectral characterstics of large
numbers of objects have traditlonally depended on the
alitiess spectrogram covering & slzable fleld, from
which gross astrophysloa! aspects are recognised fora
large sample of stars, Spectral oritleria employed for
such a purpose would depsnd on the light avallabllity,
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end In the quest for such Information on obects at
falnter and fainter lavels of detectability, one resorts to
gioss characteristice as a means of ovalution, The
mlcrospectrumn permits asseasment of apectral classess
of abjects falnter than those that have been studied
with the ald of the spectral line or band as the criterian,

Earlier efforta {Morgan, Meinel and Johnson,
1964, and Schulte, 1966) with spectra of low dis-
person have used thla theme to advantage, We present
herewith some samples obtained by this approach and
which we sre employing with auccess on extended
obeerving progremmes. Flgure 1 shows the different
kinds of Images obtained for differont classes and ob-
Jects, The principal criterlon for claesiflcation is the
ghepe of the stellar spactrum and olso the denslty In
diifeient portlons of the image. Early-type atars glva
spactrum Imeges in which the shoit wavelength reglon
Is very Intanse. The shape of this part of the spoctrum
is one of the Indicators that affords detormination of
the apactral type for the early-type stars. A main
sequence A star would appear bluo from a comparlson
of the red and blue parts of the spoctrum but would not
have a strong ultraviolet extansion because of Balmear
lines and contlnuum, As one proceeda ta later spactral
types the blue part of the apesctrum weaknes and the
shape and extent of the blue spetrum changes progras-
slvely, For very late type-stara the classification that
we have developed has hlgh accuracy. To test this
criteria of spectral olaselficatlon we have datermined
the spectral types of the stars In the clusteis h and ¥
Persel and In the VI Cygn| assoclatlon, A comparlson
of the spectral types determined by our method with
the known sapoctral types for the stars [n h and ¥
Persal and VI Cygnl show satisfactory agreement. It
Is our experienceo that a proper spectral class can be
asslgned by a practised observer io within half a
apeciral olass.

But by far the easlest application of the mleros-
pectrum tochnlque I8 in tho detoction of red stera end
blue etars, both of which are of much Interest In the

study of galactic and extragalactlc structure. For red
stais, the microspectrum shows up the star Image as a
dot with little radigtlon in the blue snd permtts the
detection of these objects with esse. Figure 3. strik-
Ingly depicta the large number of red stars In regions
locatad near the galactic centra, Wa have currently
a programme of detecting red stars in the dlrectlon of
the Large Magellanic Cloud. The results of this survey
will appear later in these Bulletins, but we show here
In Figure 2 a survey of red stars we heve made in the
30 Doradue reglon wlth the ald of microspectra, Earller
surveya of thls kind have besn accomplished by the
laborloua procedure of colour differencea for red star
dstactlon. The microspactrum has the advantege of
accuracy and speed,
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