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3.1 The Observing System 

All the observations were made ~vi th the 10.lm millilileter wave radio telescope a t  the 
Raman Research Institute campus at Bangalore (longitude: 77" 35'; latitude: 13" 
01'N; 930m above mean sea level.) The  observing sys te~n used lias been described 
in solrre detail I>y I'atel(1990). \\'e give a I~rief description here. Figure 3. l (a)  sllows 
the telescope. A sclie~natic diagram of the s~.s tem is sliown in figure 3. l (b) .  Tlie 
telescope has an altitude-azirnrrtl~ mount \vi t l i  the receiver a t  the Naslriytli focus. 
Tlre prirnary is a 10.4111 paraboloid rriade frorn hexagonal horieycornb saridwiched 
a1umi1liur-n panels, with a surface accuracy of - 100p rnis. Tlre secondary is a 
hyperboloid of diameter GOc~ns ant1 eccentricit?. 1.06. The  tertiary mirror can be 
switched to throw tlie I>carn a few arcnlinutes. 'l'lie receiver is a 20I< cooled Schottky 
mixer type with 1.5 GIIz IF. Tlie IF outl>ut is furtllcr tlo\\~11 coliverted to  1100 MIIz 
before being fed to tlie backencls. The backends iri use are a 256 channel filterbank 
with 250 kHz resolutiol~ ant1 a 500 channel acousto-optic spectrorrreter (AOS) with 
50 kHz resolution. 

3.2 Observing Method 

All the CC; o l ) scr \~a t io~~s  wet(. carried out in t11(. j irquctzcy swrlched  node for tliree 
reasons. ( i )  S o n ~ e  of the C:Gs are bigger tlian the bearri throw available in the 
beam switching system. The largest CG (CG 22) lias a size of - 5'. The  beam 
switching system can give a n l a x i ~ ~ ~ r l m  I~canl throw of only 160"; ( i i )  Tlie system 
is not stal)lcb c11ot1g11 to allow positioli s\vitclling; ( i i i )  Freclue~lcy switcl~i~ig 111akes 
best use of tlie available t i ~ n e  and is the only method possible for extended sources; 
the other two ~iietliods waste a t  least half the tirne looking a t  source-free positions, 
even i f  possible. In frequency switching the line fro111 the source is received in 
different parts of the receiiw pass band cluring alternate switcliing periods. This 
means that  no time is wastetl. But  l>ecause I~et~veerl successive switching periods 
the receiver cl~aractc~ristics arc. cl~a~igctl  (1)). re-t unillg) tlic sul)tractio~l bctwcu.11 tlie 
ON and OFF spectra will not I>e esact Icadi~ig to curved l,aseli~ies. Since we are not 
looking for low level extentled sl>ectral features, baseline curvature is not a serious 
handicap in this case. A frecluer~cy offsct of 15.25 hIIlz was used between thc ON 
a11tl OFF freclrlcvlcit.s, this 1,cirlg tllc j)crio(l of tllc 1)asclilie ripple. 'l'his choice 
recluced considera1)ij. the ripl)le in tlie final spectra retluiring only ~~oly l io l i~ ia l  fits to 
remove l)asclil~c~s. A ty pica1 1)ascliric is s11o\v11 i l l  figr~rc 3.2, alollg wit11 a fourth order 
~ ) o l y ~ ~ o l t ~ i a l  fit. '1'11(. two spcctral fcatures sc>cll arc fro111 the ON and OF17 frequency 







Figure 3.2: A typical baseline obtained with frequency switching. The positive 
and negative spectral lines of 12C0 are from the ON and OFF frequency observa- 
tions. A fourth order polynomial fit is also shown. 



observations. This sj)ectrum is sliifted. iri~.crted and averaged with tlie unshifted to 
get full S/N in the filial spectruni. 

The  switching rate was '2 Hz. Calibration ivas done using an ambient temperature 
chopper at intervals of several minutes. During the observations the atmospheric 
optical tlepth a t  zenith was typically 0.2. mcasurctl l)y t ~ I e s c o ~ ) e  tip~)ilig. A11 tlie 
01)servatiolis were carried out at elevations rarigi~ig froni 25 to  40 deg. Po i~ i t i~ ig  was 
checked by observing Jupiter iri the beam s~vitcliecl mode, 11y a procedure clescribed 
by I'atel(1990). Evcn tlio~lgli .Jupiter covers oril!. a spc.cific track i l l  tlie sky, the 
pointing niodel itself has been fourid to be al~l~l icable  to all parts of tlie sky fro111 
observations of SiO masers. The pointing errors during the observations were less 
than 20" with the rrns bei~ig 6". Figure 3..3 sho\vs the distribution of tlie pointing 
errors. All the clata interpreted in this thesis were obtained during 1990-91 using 
an  AOS with 50 kIIz resolutio~i as back-elid. 'l'he data froni this AOS was later 
bunched to  get 100 klIz resolution spectra giving a 1.elocity resolutio~i of 0.26 kms-'. 
T h e  frequency stal~ility arid resolutio~i of the AOS was cliecked by injecting a C W  
before observatiori every clay. In additio~i. the head of CG22 was observed several 
times spread over two months to get an estimate on the overall error in velocity 
measurements. A histograni of the clistri1)utiori of errors is shown of figure 3.4. The 
rms of this disii.ibution is 0.15 krr~s-' aild tvr rcgni-rl illis tlurr~bcr as the error on all 
velocity ~nensureirteizts reported in illis fhesis. Ttie tclluric CO line was seen in marly 
spectra. It was easy to identify these lines froni the fact that the telluric lines always 
appear a t  a n  LSIt velocity equal to the negative of tlie LSR correction applied. 

The 1989 run 

T h e  co-ordinates for the C'Gs i11 the G u ~ n  Nebula Iiave l>cen listed by various authors 
(IIawardeen and Bralid 1976; Saridqvist 1976: Zcaley ct a!. 1983; Iteipurtli 1983). 
Hartley et n1.(19SG) ancl Feitzi~iger ant1 Stuwc(l9St) Iiave ~iotecl Illany of tlie CGs 
in tlieir catalogues of dark clouds a~i t l  glol~ules found from the SEl tC plates and 
the ESO I3 j)latc.s, rcsi)cctivelj.. IIo\ve\.er. a coriil)ariso~i of co-ortli~iates listed 11y the 
various authors sho\vetl i~iconsiste~icies. The 283 co-ordiliates were sonieti~nes found 
to  have large errors (as niucli as 25' for CG2). \\'lienever there was disagreement we 
used those valrles whicll agrcctl ivitli niorc than o ~ i e  list. 111 cases wliere o~ i ly  283 or 
one riiore autlior listed co-ordi~iates. values from ZS3 were used. Using these criteria 
27 CGs were observetl duririg 1989. Frecjucnc!, s~vitclii~ig by 16 hIHz was used. An 
anil>ic~it-tc~~~l)crat~l~rc c l~o~)~)c~r- \v l~c~cl  was usc.tl for calil)ratio~i. 'l'lic back-end was an 
acousto-optic sl)cctro~iic~tc~r wit11 216 kIIz rt.solutio11 alicl 120 hlllz coverage. I'ointing 



azimuth error(arcsec.) 

Figure 3.3: Distribution of pointing errors measured on Jupiter. 



velocity (krns-') 

Figure 3.4: Histogram showing the distribution of the velocities measured for the 
head of CG22 over two months. The velocities were obtained by fitting gaussians 
to the lines. The rms of the distribution is 0.15 kms-'. 



acousto-optic spectro~rieter wit11 216 kHz resolution ant1 120 hlIIz coverage. I'ointing 
was checked by continuuni scans on Jupiter (See Patel, 1990 for details). Fourth 
order polynomials were fitted to relnove baseline curvature. A sample spectrum is 
shown in figure 3.5. The noise levels and measured antenna temperatures are given 
in Table 3.1. Only 18 out of the 29 CGs coultl he detected. This was surprising 
I~ecause thc 1' bcani of tl l t .  telcscol)e is itlcally sl~itc.(l for d e t e c t i ~ ~ g  the CGs. It was 
therefore suspected that co-ordinate errors could he the cause for non-detections, 
especially in view of the clisagreement bet~veen the different catalogs. So it was 
tlccidctl to rellleasrlrc tlie co-ordi~~ates for all t11t. ('C: Ilcads and tlieir tails fro~ri the 
ESO plates. 

3.4 New co-ordinates 

The co-ordinates of the CGs were measured from contact prints of ESO plates by 
relatively crude methods using magnifiers and graph sheets. The plate parameters 
were derived using a few known stars (listed in the SAO catalog 1966) which were 
used to estimate the co-ortlinatcs for the hcatfs ant1 tail-entls of CGs. The errors on 
these rneasurc~lierits (esti~liatecl 1,y 1ea;.illg out one star at a time f m n  the set used to 
estimate plate parameters and comparing the co-ordinate estimated for this star to 
its co-ordinate listecl in the SAO catalog) are less than 10". CG17, CG18, CG23 and 
CG34, Iiowever, coulcl riot be located in these plates. 'I'lie new ~neasured co-ordinates 
of the head and tail-ends along with the tail lengths are listed in Table 3.2. Tlie 
co-ordinates listed are largely from our measurements. For sorne CGs and the Gum 
Dark Clouds (GDCs, Reipurth 1953) the co-ordiriates are from pul~lislied literature 
as mentioned in the table. CG32 seems to have two co~i i l~onent ,~  which are listed as 
CG32A and B. \Ve have listed tlie individual blobs in CG22 as seperate CGs. The 
measured co-ordinates show significant differences from tliose reported earlier. The 
distribution of these errors is show11 is figure 3.6. 

3.5 1990-91 run 

During 1 990- 199 1 a secori~l rrlri of 12C0 ol~scr~.at ions was carrietl 011 t r~silig tlie new 
co-orcliriatcs. 111 adtlitioli to tlie l ~ c ~ ~ t l s .  a few points along tlie tails were observed. 
All the CGs, except CG2.3 and C'G:34. were now detected. Tlie observation procedure 
was the sa~lic  as before, except that tlie back-entl used was an AOS with 50 kI-Iz 
resolution arid 30 hIIIz coverage. A sarnple spectruni is sliow~l in figure 3.7. We have 



Figure 3.5: A sample 12C0 spectrum from observations made during 1989. A fourth 
order polynomial has been subtracted to remove the baseline curvature due to fre- 
quency switching. The  back-end was an AOS with 216 kHz resolution. 



Table 3.1. 1989 observatiolis. 

Note: a blank indicat.es non-detection 
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References: 
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R: Ileipurth, 1953 
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M: Our ~neasurcnient,~ fro111 ESO plates. 
Notes: 
1. For CGs 31B,C,D,E ancl 35 tail co-orclinates are not available. 
2. The Gu~ri  Dark C:lor~cls (GIIC's) Iiave bceri i~icll~tlttl for cotr~pleteness. 
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Figure 3.6: Distribution of the errors in the co-ordinates of the CGs. The error 
is defined as the difference between the co-ordinate obtained from literature and 
that  measured from SERC plates. 



Figure 3.7: A sample 12C0 spectrum from observations made d ~ r i n g  1990-91. A 
fourth order polynomial has been subtracted to remove the baseline curvature due 
to frequency switching. The back-end was an AOS with 100 kHz resolution. 



listed in Table 3.3 the noise levels, measured antenna temperatures and the LSR 
velocity found by fitting gaussians to the lines from the heads of the  CGs. These 
observatio~is are iriterpreted in Chapter 1. 

3.6 Detection statistics 

To establish the reason for 11011-detectio~is during the previous run, we have plotted 
in figure 3.8, a histogra~ii of tlie nu~riI)er of detectioris and 11011-detections in the 
1989 observations as a function of the co-ortliliate errors (defined as the co-ordinates 
used in the first run inin u s  ~iieasured co-ordinates used in the seco~id run). Those 
CGs having large headsizes (CGs 1,2,4.6,22 and 30) have been excluded from the 
histograln because the errors will not affect their detection. Those CGs for which 
co-ordiriates were not renieasuretl have also been excluded. It is seen from figure 3.8 
that  there are  no detections i f  the error is larger tliali 1'. The  four non-detections 
with error < 1' are CGs with small liead sizes (< 1') for which the effect of even 
small errors and beam dilution are inlportant. 

We thcirjoi.c corzcludc that thr p~. ir i ,n~.y cnlrsc for not,-ilctcc.tioi,s dui-iitg thc firs! 
run was the use of w1.011g co-or.dinclt es. 

3.7 Observations of tails 

Typically, four points were observccl along tlie tails for 21 CGs. T h e  observation 
procedure was the same as for tlie lieatls. 'Ihe ]>oilits observed were spaced equally 
along the tails. These observatio~is are su~i i~~iar i sed  in table 3.4. Tlie velocities, 
widths and line strengtlis were obtained l>y fitting gaussians to  the lines. A part of 
Chapter 4 is devoted to a cliscussion of these observations. 

Mapping of CG22 

The  heacl of the globule CG22, and a part of its tail were mapped in 12C0 and 
13C0 with a grid spacing of 1' both in Itrl aiid DEC. Rlost of the grid points were 
observed twice and were cornpared for consistency before averaging. In addition, the 
center point of the grid was ol)scri.ed every daj. to ensure uniform calibration. These 
ol>scrvatio~is w~rc: ~ i i a c l ~  wit11 a filter l ~ a ~ i k  I)ack-e~~tl of 2.50 kIIz resolution. After 



Table 3.3. 1990-91 ol~servations. 
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Figure 3.S: A histogram showing the number of detections and non-detections in 
the observations done in 1989. 



Table 3.4. ol)sc,r.v;~t io~ls of t . 1 1 ~  t.ilils. 

CGGH 
CGGTl 
CGGT2 
CG6T3 
CGGT4 



Table 3.4. colit i l l r r c ~ c l .  



Table 3.4. co~itiliucd. 

Note: CG3:3H, for expa~nple.  refers to the head of the 
globule CG3.3. Similarly. T refers to the tail. T4,T2,T3,Tl 
represent the sequence of poi~lts alorlg the tails moving 
away f ron~  tlic hcad. The  n ~ ~ r ~ i l ~ c r s  in parenthesis are 
estimated errors in the velocit!. gratlien ts(see text). 
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velocities of CG17, CGl8 arid the GDCs suggests tliat tlie value reported I>y 283 
for CG17 may be i l l  error. As they haye not publislied their spectra, nor mentioned 
their S /N,  we are not in a position to coniment any furtlier. 

Fro171 the above it seerrts clear that the iwdial velocities we have obtained are 
reliable and do n o f  suIfer fr-om cor~tarnination fi-oin other line of siglzt material. In 
addition, tltc fact that the 1989 obsercatioi~s us i i~g co-01-dinales with errors ~*esulted 
in a lower detection rate supports this conclusion. 
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