
Appendix A 

The spectral channel outputs obtained after "sky subtractionn are only proportional to the radiation temperatures and 
that too modulated by individual channel gains. These channel gains are calibrated using the channel outputs obtained by 
observing an ambient temperature absorber once every few minutes. Thus a simple observing sequence is made of three sets 
of measurements: ON, OFF and AMB. The first two correspond to measurements at two different sky-paitions (beam or 
position switching) or frequencies (frequency switching) and the last to measurements with the beam completely blocked by 
the absorber. 

Let V,,, &,, and V,,, be the respective measured voltage outputs from a given spectral channel. Let the signal and 
image band system gains in that channel be G, and Gi respectively. Then for a spectral line observation with a double 
side-band (DSB) system, 

Voj j = GaTaur,. + GiTaua,i 

Vamb = GaTaVa,a + GiTavr,i + (Ga + Gi) Tams 

Here T,y,,, and TlyrIi are the system temperatures, respectively, in the signal and image bands as measured outside the 
atmosphere. Solving for the source temperature one gets, 
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T80,,c, thus obtained is normally referred to ae c, the antenna temperature of the source corrected for all telescope losses 
occuring at  ambient temperatures (for example, an attenuating element ?n the beam path, or truncation of the beam due 
to or spillover onto ambient temperature objects). I t  is not corrected for that part of the telescope response on the sky 
outside the main beam due to spillover past the secondary, the error pattern etc.. This correction is done by dividing c by 
qj,,, the forward spillover and scattering efficiency, which may depend on the elevation of observation. This can be found 
by observing a calibration source filling the main beam with a well determined radiation temperature at  various elevations. 
Then the ratio of the observed to the expected radiation temperature gives the qfrl as a function of elevation. In this 
way, we find the zenith tl/* to be 0.57 and 0.61 a t  12C0 and 13C0 frequencies, respectively, during our observations. 

We conclude this appendix with a comment about the relative time budgeting among the various steps viz. ON, OFF 
and AMB measurements of the observing sequence. Let V,, Volt and Vamb be the average values of the output of a given 
channel and No,, Noj and Namb the corresponding noise on them. Then these can be related to the noise on the measured 
T,rnrCe, N, to the first order by 

N, = 1 Von - uojj 
(Vm - Vojf) [Nm + Not, + (No,, + No,,) (Iad - v,f,?)] 

As will be seen, the contribution from the noise on the ambient measurement is weighted down by a factor equal to 
the ratio of the differences of the means viz. V,, - and Vama - Kff.  npical ly  this ratio is 5 10. Thus the equal 
portioning of the noise contribution to maximally use the time requires that the amounts of time spent on ON, OFF and 
AMB measurements be in the ratio of 100:lOO:l. With a safety margin, we use a ratio of 300:300:20. Even though the noise 
in the AMB measurements will be larger due to the relatively small fraction of time spent, it does not affect the noise on the 
calibrated spectra because of the following two reasons: 

1. a small signal step is being calibrated by a large calibration step 

2. the use of larger calibration step does not affect the noise on the measurements much which is largely decided by the 
receiver emission whose mean value is much larger than even the calibration step. 



Appendix B 

The details of the observed positions and the parametera derived from the observed spectra such as centre velocity, line 
strengths (c) and line widths are given in this Appendix. The coordinates for the northern clouds were taken from the 
catalogue of Taylor et al. (1987), and for the southern clouds from the catalogue of Feitzinger and Stuwe (1984). They are 
named GLD *-k* and SDC*-kk, respectively, where *** is a 3-digit serial number in the respective catalogues. 

Locations of the clouds with associated reflection nebulae were obtained from the Palomar Observatory Sky Survey prints 
using the coordinates of the exciting stars listed by van den Bergh (1966). Sources named VDB are detected close to the 
stellar positions, while others were detected at positions offset with respect to the stars. In all cases the numbers indicate 
the serial number in the catalogue of van den Bergh. 

Separate set of Tabla are given for the northern and southern clouds observed. In each category, the lines-of-sight with 
single, double and triple components are tabulated separately. The sources are ordered in galactic longitude and latitude. 
In the case of liiee-of-sight with only one component details of the 13C0 spectra, if available, are given in adjacent columns. 
If only the 13C0 spectra are available, corresponding laCO entries are left vacant. In the case of spectra with multiple 
components, details of the 13C0 spectra are given in the adjacent rows following their 12C0 counterparts. 
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NORTHERN CLOUDS 

Source 

GLD375 
GLD377 
GLD378 
GLD380 
GLD381 
GLD384 
GLD385 
GLD386 
GLD387 
GLD388 
GLD389 
GLD390 
GLD397 
GLD402 
GLD403 
GLD404 
GLD407 
GLD408 
GLD410 
GLD411 
GLD412 
GLD413 
GLD414 
GLD415 
GLD416 
GLD417 
GLD418 
GLD419 
GLD424 
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rms - - 
0.4 
0.3 

0.5 

0.4 
0.3 
0.5 

0.3 
0.2 

0.4 
0.4 
0.2 
0.2 
0.4 
0.4 

0.3 
0.5 
0.4 
0.2 

0.5 
0.5 

0.3 - 

- 
rms - - 
0.2 
0.1 
0.2 
0.2 
0.3 
0.2 
0.2 
0.1 
0.3 
0.3 
0.2 
0.2 
0.3 

0.1 
0.2 
0.1 

0.1 
0.2 
0.1 
0.2 
0.2 
0.1 
0.1 
0.2 
0.3 
0.2 
0.2 - 
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rms 

0.3 
0.2 
0.1 

0.2 

0.3 
0.1 
0.1 

0.3 

0.4 

0.1 

0.1 

0.1 

0.2 
0.1 

rms 

0.4 
0.3 
0.3 
0.4 
0.2 
0.2 
0.3 
0.2 

0.3 
0.2 
0.2 
0.3 
0.3 
0.3 
0.2' 
0.3 
0.2 
0.2 

0.2 

0.2 
0.1 
0.2 
0.1 

0.1 
0.2 

AK2 
2.2 
2.1 
3.0 
1.1 
2.7 
3.2 
2.1 
3.1 

4.0 
3.3 
1.4 
2.1 
1.9 
2.4 
2.4 
2.0 
1.3 
3.4 

1.6 

3.0 
1.4 
2.4 
1.0 

2.9 
3.6 

K3 

-38.4 
-42.8 
-11.2 

2.8 

-11.3 
-15.4 
-12.7 

3.2 

3.2 

1.2 

-0.5 

6.9 

6.0 
5.7 

K2 

-14.2 
-38.3 
-42.8 
-11.3 
-13.0 
-38.8 
-10.3 
-11.4 

-12.9 
-12.9 
-13.0 

3.2 
-6.5 

3.7 
3.3 
4.1 
5.6 

-7.3 

-17.4 

7.0 
7.1 
6.7 
7.7 

5.7 
4.1 

bI1 
0.71 
0.85 
1.77 
1.43 
2.28 
0.87 
1.38 
2.58 
0.70 
1.73 
1.31 
9.68 
3.42 
4.99 
5.24 
4.64 
4.92 
6.05 

-8.29 
-11.93 
-1.24 
-9.08 
-15.70 
-5.24 
-16.95 
-4.85 
-14.56 
-12.21 
-15.15 

Source 

GLD499 
GLD501 
GLD502 
GLD503 
GLD506 
GLD507 
GLD508 
GLD510 
GLD511 
GLD512 
GLD513 
GLD515 
GLD522 
GLD531 
GLD541 
GLD544 
GLD551 
GLD552 
GLD559 
GLD561 
GLD564 
GLD568 
GLD573 
GLD583 
GLD584 
GLD587 
GLD588 
GLD6OO 
GLD605 

c,12 
4.2 
3.8 
2.4 
2.2 
3.6 
2.2 
3.6 
5.6 

4.4 
1.4 
3.2 
4.0 
3.5 
3.7 
5.5 
4.7 
2.4 
4.2 

2.6 

6.4 
3.7 
5.0 
4.0 

4.8 
1.0 

111 
136.40 
138.00 
138.00 
139.90 
140.80 
140.80 
141.30 
141.80 
142.20 
142.60 
142.90 
145.40 
149.50 
151.60 
154.10 
155.00 
156.00 
156.10 
158.30 
159.70 
160.60 
165.50 
168.30 
171.90 
172.20 
172.70 
172.70 
175.50 
177.20 

To*,,r3 

1.2 
0.7 
0.8 

0.8 

2.2 
2.3 
1.4 

2.9 

2.7 

0.8 

3.4 

2.5 

2.0 
1.4 

AK3 

2.2 
2.9 
1.2 

3.0 

1.9 
2.8 
1.9 

1.4 

1.6 

2.0 

2.5 

0.7 

1.6 
2.1 
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NORTHERN CLOUDS WITH MULTIPLE COMPONENTS 

NORTHERN CLOUDS WITH MULTIPLE COMPONENTS 

1 Source I 111 I b I I  11 
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NORTHERN CLOUDS WITH MULTIPLE COMPONENTS 

Source 1 111 ( bII (1 rma 

0.4 
0.1 
0.4 
0.2 
0.3 
0.1 
0.4 
0.2 
0.3 
0.2 
0.3 
0.2 
0.4 
0.4 
0.2 
0.4 
0.4 
0.2 
0.4 
0.3 
0.1 
0.2 
0.1 
0.3 
0.1 
0.3 
0.2 

2 1 C 1 AV VI2 I c I AV 
1" 

-12.1 
-11.6 
-4.0 
-3.1 
-2.5 
-2.4 

3.5 
3.7 

-19.5 
-19.5 

5.1 
-10.7 
-10.6 
-13.5 
-13.7 
-15.3 

3.2 
3.4 

-40.2 
-4.1 
-4.0 
-40.0 
-40.4 
-41.2 
-41.3 
-13.2 
-13.4 

2nd 
-7.3 

-0.3 
-8.7 
-7.4 

-3.0 

-10.0 

0.2 
-15.9 

-9.2 

-12.0 
-2.7 

-43.9 
-13.9 

-43.0 
-43.6 
-37.2 
-37.3 
-10.6 

GLD409 
GLD409 
GLD431 
GLD433 
GLD439 
GLD439 
GLD447 
GLD447 
GLD459 
GLD459 
GLD467 
GLD472 
GLD472 
GLD479 
GLD479 
GLD484 
GLD489 
GLD489 
GLD495 
GLD496 
GLD496 
GLD497 
GLD497 
GLD5OO 
GLD500 
GLD505 
GLD505 

1.92 
1.92 

14.84 
-2.73 
-1.97 
-1.97 
12.40 
12.40 
-1.44 
-1.44 
-0.87 
-10.22 
-10.22 
-0.46 
-0.46 
-0.71 
13.81 
13.81 

0.95 
8.58 
8.58 
1.07 
1.07 
1.17 
1.17 
2.27 
2.27 

109.80 
109.80 
114.10 
114.30 
115.80 
115.80 
117.10 
117.10 
120.70 
120.70 
121.90 
122.20 
122.20 
125.40 
125.40 
126.60 
128.80 
128.80 
133.00 
133.50 
133.50 
133.60 
133.60 
136.90 
136.90 
140.30 
140.30 

component 
4.7 
0.9' 
5.7 
2.7 
4.3 
1.3 
5.4 
3.7 
3.9 
0.6 
1.5 
4.2 
3.8 
2.2 
1.2 

10.3 
3.3 
2.3 
2.1 
2.8 
1.1 
4.1 
1.9 
8.6 
3.7 
4.0 
1.3 

component 
2.0 

2.1 
2.3 
1.6 

2.3 

1.2 

1.7 
1.0 

1.1 

4.1 
2.9 

2.5 
2.3 

5.0 
1.2 
3.3 
1.2 
2.5 

13C0 

13C0 

13C0 

13C0 

I3cO 

13C0 

13C0 

13C0 

13C0 

13C0 

13C0 

2.5 
2.2 
2.4 
2.1 
4.2 
2.8 
1.8 
1.2 
3.3 
3.0 
2.0 
1.2 
1.1 
2.9 
1.3 
2.9 
1.6 
1.4 
8.6 
1.6 
1.4 
2.1 
1.9 
3.8 
3.0 
2.4 
2.4 

3.5 

1.1 
1.6 
1.2 

1.1 

1.2 

1.9 
1.0 

1.4 

4.0 
2.7 

2.6 
1.2 

4.7 
2.4 
2.2 
1.7 
1.6 
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NORTHERN CLOUDS W I T H  MULTIPLE COMPONENTS 

[ Source 1 III I bII 1 1  11 V 1 C I AV 1 1  Via I T,* I AV 1 1  rrns ] 
I II 1" com~onent II - 2nd component I I  I 
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SOUTHERN CLOUDS 
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Source 
SDC082 
SDC085 
SDCO87 
SDCO91 
SDC093 
SDC094 
SDC096 
SDC098 
SDClOl 
SDC105 
SDClO9 
SDCl l l  
SDCll lA 
SDCll4 
SDC116 
SDC118 
SDC142 
SDC152 
SDC152A 
SDC163 
SDCl63A 
SDC206 
3DC228 
3DC243 
3DC249 
3DC259 
3DC262 
3DC277 
3DC278 
3DC293 
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SOUTHERN CLOUDS WITH MULTIPLE COMPONENTS 

1 Source I 111 I bII 11 11 I 5 2  I To* I AV (1 &z I To* I AV )I rms I 

Source 

SDC431 
SDC439 
SDC441 
SDC446 
SDC450 
SDC453 
SDC456 
SDC464 
SDC473 
SDC476 
SDC477 
SDC479 

bII 

0.9 
15.37 
-3.9 

-18.31 
-18.73 
-20.52 

9.38 
6.35 

-1.22 
-0.55 
-2.15 
-2.32 

- 
III 

357.3 
358.60 
358.9 

359.80 
0.22 
1.07 
1.44 
3.67 
6.11 
6.69 
6.84 
7.09 

V ~ Z  

1.7 
2.5 
5.2 
5.3 
4.7 
4.9 
3.5 
4.3 

13.4 
-102.5 

10.8 
9.4 

TZla 
1.9 
7.1 
2.7 
9.3 
6.1 
3.9 
8.1 
3.4 
1.9 
0.9 
5.6 
0.8 

A 
3.7 
1.9 
2.9 
2.1 
1.7 
1.7 
1.6 
1.4 

10.1 
2.8 
2.0 
4.1 

rme 

0.4 
0.3 
0.4 
0.3 
0.2 
0.3 
0.3 
0.2 
0.2 
0.3 
0.2 
0.2 

I53 TZl3 A& rme 



SOUTEERN CLOUDS WITH MULTIPLE COMPONENTS 

Source I 111 I bII 11 

"cO 
SDCOSO 
SDCOSO 

rms 

0.2 
0.2 
0.3 

269.40 
269.40 

-1.34 
-1.34 

Kz I T,* 1 AV 
3rd component 

Source I 111 I bII 11 

-11.8 

-1.9 

Ka I C I AV 
1" component 

SDCl34 
SDC134 
SDC407 

Ka I c I A V  
2nd component 

1.3 

1.0 

-0.81 
-0.81 

0.9 

281.60 
281.60 
352.70 

3.8 

5.7 

1.9 

3.4 
13C0 

6.4 
1.9 
2.9 

-3.4 
-4.2 

2.6 

3.8 
1.6 
4.8 

2.2 

2.7 

3.4 

1.8 
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CLOUDS WITH ASSOCIATED REFLECTION NEBULAE 

REFLECTION NEBULAE WITH MULTIPLE COMPONENTS 

11 I" component 11 2nd component )I 
GGRO41 I 208.80 1 -20.40 11 1 1  7.3 1 0.5 1 1.7 11 10.2 1 5.2 ( 1.5 11 0.2 



Appendix C 

Plots of a sample of 48 interesting spectra selected on the bask of their line strengths, lime widths or shapes of the line 
profiles are given in this Appendix. In all cases, the horizontal axis is the LSR velocity and the vertical axis is the calibrated 
antenna temperature c. Date and frequency of observation and the source name are given at the bottom of each plot. A 
peak position on the spectral lines are marked with a + symbol. The three numbers written along with it are the channel 
number, the velocity, and the line strength at the marked position. 
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APPENDIX D : SUMMARYOF THE SIMULATIONS 

15' 5 I 5 35O 

I Vo, fixed at 4.5 k m  s-' I 
35O 5 I 5 55O 

[ V., fuced at 4.0 km s-' ] 

a 
k m  a-' 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
4.0 
7.0 

a 
km a'' 

3.0 
3.0 
3.0 
3.0 
3.0 
4.5 
4.5 
1.5 

RH 
(PC) 

400 
400 
350 
400 
350 
450 
400 
400 
400 

Probability 
% 
99 
99 
99 
98 
92 
92 
92 
64 
49 

Probability 
% 
100 
100 
98 
98 
88 
88 
88 
88 

RL 
(PC) 

100 
150 
250 
200 
*I50 
150 
250 
200 
100 

RL 
(PC) 
150 
300 
200 
200 
250 
300 
350 
150 

RH 
(PC). 
550 
450 
500 
450 
550 
450 
450 
550 



55O 5 1 < 75O 
I V,, fixed at 4.0 km s-' ] 

Summary 

a 
km s-' 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
6.0 
2.0 

VeZp = 4.0 km s-' a = 4.0 krn s-' 

Rr, = 100-150 RH = 400f :: 

APPENDIX D 

Probability 
% 
98 
98 
98 
98 
98 
89 
89 
89 
89 
35 

105' 5 1 5 125' 

I Vez, fixed at -3.5 km s-' ] 

Rr, 
(PC) 

200 
150 
200 
100 
150 
100 
150 
200 
150 
100 

Summary 

a 
krn a-' 

6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 

. 6.0 
6.0 

RH 
(PC) 

300 
350 
350 
400 
300 
450 
400 
400 
350 
350 

Probability 
% 
100 
100 
100 
100 
100 
88 
88 
88 
88 
88 

Rr, 
(PC) 
100 
100 
150 
200 
150 
100 
100 
200 
200 
150 

RH 
(PC) 
400 
450 
400 
450 
450 
350 
550 
500 
550 
550 



SUMMARY OF THE SIMULATIONS 

125O 5 1 5 145O 

I V,, fixed at -4.0 km s-' I 

Summary 

u 
km a-' 

5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 
5.5 

145' 5 1 5 165' 

I V,,, fixed at 4.0 km s-' 1 
Probability 

% 
91 
91 
91 
91 
91 
91 
70 
70 
70 
70 
70 

Summary 

u 
km s-' 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
7.0 

V,, = 4.0 krn a-' u = 5.0 km s-' 

RL = 250f:: RH = 600f :: 

RL 
(PC) 

150 
300 
250 
300 
150 
300 
100 
250 
200 
200 
250 

RH 
(PC) 
550 
600 
550 
500 
600 
550 
550 
650 
500 
650 
500 

RH 
(PC) 
650 
550 
550 
500 
600 
600 
550 
600 
600 
550 

Probability 
% 
92 
92 
92 
92 
92 
77 
77 
77 
77 
77 

RL 
(PC) 
200 
350 
300 
350 
200 
300 
400 
250 
350 
350 
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195' 5 1 5 215' 

I V,,, fixed at 2.5 km s-' I [ Vev fixed at 4.5 km s-' I 
a 

km s-' 

4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
2.5 
2.5 
6.5 

Summary Summary 

V,, = 2.5 km s-' a = 4.5 km s-' 

RL = 250-,, RH = 550-600 

RH 
(PC) 
600 
550 
550 
500 
550 
600 
550 
600 
600 
550 

Probability 
% 

100 
100 
100 
100 
100 
92 
92 
92 
92 
77 

a 
krn s-' 

4.5 
4.5 
4.5 
4.5 
6.5 
6.5 
2.5 

RL 
(PC) 
250 
350 
250 
350 
200 
300 
400 
150 
250 
300 

Probability 
% 

100 
100 
100 
100 
100 
100 
100 

RL 
(PC) 
200 
300 
350 
400 
300 
300 
300 

RH 
(PC) 
650 
650 
700 
700 
700 
750 
700 



SUMMARY OF T E E  SIMULATIONS 

235' 5 1 5 255' 

I V,, fixed at 1.0 km s-' ] 

Summary 

a 
k m  s-' 

4.5 
4.5 
2.5 
2.5 
2.5 
2.5 
4.0 
4.0 

V,,, fixed at 10.0 km s-' I 
Probability 

% 
100 
100 
100 
100 
100 
100 
94 
94 

Summary 

a 
km s-' 

8.0 
8.0 
8.0 
8.0 
6.0 
6.0 
6.0 
4.0 

RL 
(PC) 
1250 
1350 
1250 
1250 
1200 
1350 
1200 
1400 

Probability 
% 
100 
91 
9 1 
9 1 
91 
9 1 
9 1 
70 

RH 
(PC) 
1600 
1550 
1650 
1700 
1700 
1550 
1700 
1600 

RL 
(PC) 
110 
230 
260 
200 
200 
260 
200 
80 

RH 
(PC) 
360 
380 
410 
500 
400 
460 
350 
430 
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