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A S11111111:1q' of hIilill R~s l l l t s  Pi.os(~~lt~(vl ill tlic Tllcsis 

The first part of the thesis deals wi th  tlie tle\.eloplnent of a toide-band ~i techar~ical ly  
tuned  local oscillator. us i i t g  the  G u i ~ i l  diode for use wit 11 the 10.4m n~illi~neter-wave 
radio telescope at the Raman Research Institute. This provides sufficient power to 
eficiently operate two cryogeriic Schottky nlixers (dual polarisation) and tunes over 
the frequency range 75-1 1.5 GHz covering most of the 3 - m ~ n  atmospheric transmis- 
sion window (W-band). Rotational transitions of many astrophysically importarit 
~iioleculc~ i~iclutli~ig CO fall i l l  t liis range. 

A study of the cometary globules in the (;urn Nubula forrns the second part. 
Among the smaller interstellar molecular clouds the Cometary Globules (CGs) stand 
out due to their peculiar morphology. They are characterised by compact, dusty 
heads with long faintly lurninous tails este~itfirig or] one side aricl  arrow bright rims 
on the other side. There exists a significant ~>opulation of such CGs in tlie Gum 
Nebula. The Guln Nebula is a large structure - 12.5 parsec in radius delineated 
by Ha emitting fila~iients. The true nature of the Gum Nebula is ill understood; 
according to  various corijectures i t  coultl he an old superllova remnant, or a bubble 
in tiit: int,crstcllar nicrlirl~ir cxcavatctl 1)y strong stellar wil~cls fro111 Ilol stars, or all 
evolvctl 1111 rc:gio~i. 'l'11(1 C'Ck i l l  tlit. C;u l~i  Nebula arc distributed over a region 

80 parsec in radius with their tails pointing away from an apparerlt coinmon 
center. In the visil)le region thcsr globrlles have I~rigl~t  rilils 011 the side facing tlie 
corrirriorl cc~~itral rc.gio11. Sor~rc. of t l l c -  Irc~atis Iiii\.c- c ~ ~ l ~ l ~ c ~ c l t l c t l  young stars. 111 the 
region bountletl by the C'Gs there are a few ~nassive hot stars illcludi~lg ( Puppis 
believed to he tlie most l u ~ n i n o ~ ~ s  star i11 tlic soutliern sky. It has heen suspected 
that the rr~or~~hological appearance of the C'Gs Inay be due to tlie influence of these 
stars. 

Althougli these globules Ilave bee11 klio\\-~i for r~iorc than a tlecatle now there has 
l>ce~i 110  satisfactory attc~llpt t o  str~tly t l l c i r  origill alitl k i ~ ~ c . ~ ~ ~ a t i c s .  A tlctailcd study 
was therefore undertaken using the 10.4 m milli~neter-wave radio telescope at tlle 
Itaman Research Institute. The study consisted of 12C'0 ol~servations of the heads 
ar~cl the tails of the CGs usirig tlrr J = 1 -+ 0 rnilli~iictcr-\+lave rotatiollal trallsitioli 
of t,Iie carbor~ nionoxitlt. ~liolecr~lc. 111 atltlitioli. the Glohule No.22 was mapped in 
both 12C0 ant1 ' T O .  



An alialysis of tlic radial vclocitics ol)tairic~d frorii tlic slirvcy a11d t l ~ e  rriaps liavc 
led to tile followiiig findiiigs: 

1. The syste~li of CGs is esparidirlg iv i t l i  resl>ect. t.o a common morphological 
center at - 12 krns-I. The expansion age is - 6 hlyr. 

2. Sonie of the tails observetl shoiv systematic velocit,y gradients. If the tails were 
formed due to the elorigatiori resultirig from these velocity gradients then the 
csti~liatcd strctcliing age is - 3 Alyr. 

3. The rnass of CG 22 is - 2T,\IZ,. Interestirigly, if tlie cloud was i11 virial equi- 
liI>riurii tlien its riiass  nus st hc - 250,\16. 

There have been previous co~ijectures that the young stars embedded in the heads 
of some of the globules may have been formed as a result of external triggering. 111 
order to clarify this question an analysis of the locatioris of the embedded young 
stellar objects (J'SOs) in tlie dark cloutls in the Gu~n-Vela region was undertaken. 
Since these embedded J'SOs are obscured in tlie visible regio~i by dust in the molec- 
ular clouds, the far-infrared point sources fro111 tlie Infra-Red Astronomical Satellite 
catalogue were used to identify them. This study has clearly shown that the YSOs 
have a stastically significant teiitlency to fall 011 the sides of dark clouds facing the 
~rior~)liological ccvit c.r rat 1ic.r t l~ari t l ic .  far sitl(.s. 

From the above analysis we coIne to the follo\ving conclusions: 

I .  'I'lie rorigli agrec~iicrit l>c.t\vc.cn I lie rrpn~>sioiz ngr arltl t lie tail-sti.etching age 
suggests a coniIiion origiii for the expansiori and the forniation of tlie tails. 
Tlie prcseiice of yonrig stars of comj)aral>le ages in the lieads of solne of the 
globults suggests that tlie I)rocc.sscs resl>o~isiblc for tlic expansion riiay have 
also triggered star forriiatiori in them. 

2. The racliation pressure frorn the hot stars in tlie cc~itral region or the stellar 
wilitls fro111 t lic~li carir~ot accotilit for t l ic .  ~iio~~ieriturii of tlie cxl)ari<lilig glob- 
ules. It is more likely that the rockcf ~ f i c f  arking out of the heating and 
the colisequent anisotropic ablatiori of tlie glol>ules can supply the Iiecessary 
1110111c!11t~1111. 

All tile above conclrisioris call hc rccoricilml easily if one coulcl argue tliat tliey are 
causally cor~l~c~ctc~l  alicl Iia\.(- a ro~ririio~i origiri. 'I'll(' r i i a i i ~  ill)l)ilrc~iit ol>stac1(~ to sucli 
a unified picture for the systc~~ii of ('(is i l l  tlie Gun1 Nel~ula is tliat altliougli tliere 
appears to I>e a nior~~liological ceriter there arc 110 itleritifiable objects, say, massive 



stars, PI-esenf ly  located at or near tlie morphological center. IIowever, the observed 
large proper riiotion of tlie rtiassive star ( I'ul)l)is lioltls ari itiiportant clue, leading to 
tlie following scenario: It is an extraordi~~ary fact tliat ( P u ~ ~ p i s  lias a large proper 
motion N 75 kms-', ancl its trajectory \vlie~i extrapolated backwards passes close to 
the morphological center of the system of CGs. I t  lias bee11 known for a long time 
that large space velocities of massive stars call only be understood in terms of the 
disruption of a massive binary system \\-lien one of tlie stars explodes as a supernova. 
If the supernova explosion is spherically s~ .m~netr ic  tlicri the binary will disrupt due 
to a sudden Inass loss only i f  the liiass ejected exceeds half tlie total mass of the 
binary system. Since the estimated mass of i Puppis is .v 40AI0, i t  follows that 
its former cornparlion 111ust have been even more ~riassive than this. If one accepts 
this picture tlien it follo~vs that till roughly half a million years ago there must 
have been a nlassive binary system (( Puppis and its companion) near the center 
of the systerll of CGs. The combined effect of the ultra-violet radiation and the 
stellar wind froni this binary as \yell as fro111 other stars in tlie neighbourhood, must 
have resulted in much of the ~nolecular material in the vicinity being blown away 
except the numerous regions of enlianced density (cot~densnfions) in tlie original 
~iiolecular cloud. Conti~iried effect of the ratliatio~i a ~ i d  stellar wiricls resulted in these 
coridensatioris being set in riiot ion, as \\ell as developi~~g co~lietary tails. Itoughly 
half a million years ago the corn11anion ( Puppis exl,loded as a supernova propelling 
tile lattcr towartls its ~)rcsc~~it  locatio~i. 


