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I l l 

ABSTRACT ******** 

A s t u d y i s p r e s e n t e d o f t h e r e f l e c t i o n nebula 

NGC 6729, u s i n g t h e t e c h n i q u e s o f imaging p o l a r i m e t r y , 

w i t h t h e aim o f a t t e m p t i n g t o d i s c o v e r t h e geometry o f 

t h e nebula and t h e r o l e which each o f t h e two s t a r s 

seen w i t h i n t h e nebula - R & T CrA - p l a y s i n i t s 

i l l u m i n a t i o n . 

The p o l a r i s a t i o n r e s u l t s may be i n t e r p r e t e d i n 

terms o f b o t h s t a r s h a v i n g c i r c u m s t e l l a r d i s k s , a l i g n e d 

p a r a l l e l t o one a n o t h e r . 

From o b s e r v a t i o n s o f t h e t o t a l i n t e n s i t y o f 

l i g h t e m i t t e d from t h e n e b u l a , ' j e t s ' are observed t o 

be emanating from t h e two s t a r s . These ' j e t s ' are 

i n t e r p r e t e d as o u t f l o w s o f m a t t e r from t h e s t a r s , and 

are compared w i t h s i m i l a r f e a t u r e s noted by o t h e r 

o b s e r v e r s elsewhere. 

These comparisons y i e l d one major d i f f e r e n c e 

between t h e R and T CrA j e t s and those found elsewhere: 

These j e t s are n o t p e r p e n d i c u l a r t o t h e i r r e s p e c t i v e 

c i r c u m s t e l l a r d i s k s . Two a l t e r n a t i v e hypotheses are 

p r e s e n t e d t o account f o r t h i s , and i t i s concluded t h a t 

f u r t h e r o b s e r v a t i o n a l evidence i s r e q u i r e d i n o r d e r t o 

d e c i d e between t h e two. 
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CHAPTER 1 

THE POLARISATION OF LIGHT 

1.1 H i s t o r i c a l Background 

The p o l a r i s a t i o n o f l i g h t was d i s c o v e r e d by 

Huygens i n 1690, b u t i t was n o t u n t i l 1816 t h a t F r e s n e l 

gave t h e f i r s t t h e o r e t i c a l model o f p o l a r i s a t i o n , based 

upon Young's i d e a t h a t l i g h t was a t r a n s v e r s e wave 

m o t i o n . 

I n 1809 Arago had found t h a t t h e s u n l i t sky 

was p a r t i a l l y p o l a r i s e d , t h e n i n 1852 Stokes d e s c r i b e d 

the f o u r Stokes Parameters upon which c u r r e n t 

d e s c r i p t i o n s o f p o l a r i s e d l i g h t a re based. I n 1908 Mie 

and Debye developed t h e t h e o r y o f l i g h t s c a t t e r i n g by 

s m a l l p a r t i c l e s . 

I n 1949 H a l l and H i l t n e r d i s c o v e r e d l i n e a r 

i n t e r s t e l l a r p o l a r i s a t i o n and went on t o p u b l i s h 

c a t a l o g s o f s t a r s which e x h i b i t such p o l a r i s a t i o n . Many 

papers have s i n c e been w r i t t e n on t h e p o l a r i s a t i o n o f 
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THE POLARISATION OF LIGHT 

r e f l e c t i o n nebulae and o t h e r a s t r o n o m i c a l o b j e c t s . 
P o l a r i s e d r a d i a t i o n has been d e t e c t e d a t many-

wavelengths: At r a d i o wavelengths from g a l a c t i c as w e l l 

as e x t r a - g a l a c t i c sources, a t i n f r a - r e d wavelengths 

from p r o t o s t a r s , and a t o p t i c a l wavelengths from 

r e f l e c t i o n nebulae and from p l a n e t a r y atmospheres. I n 

f a c t p o l a r i m e t r y i s a v e r y p o w e r f u l t o o l i n a l l aspects 

o f astronomy. 

1.2 The Nature o f P o l a r i s e d L i g h t 

C l a s s i c a l l y , l i g h t i s a t r a n s v e r s e 

e l e c t r o m a g n e t i c wave m o t i o n : by t h i s i t i s meant t h a t 

t h e o s c i l l a t i n g e l e c t r i c (E) and magnetic (B) v e c t o r s 

are m u t u a l l y p e r p e n d i c u l a r , and are each p e r p e n d i c u l a r 

t o t h e d i r e c t i o n o f p r o p a g a t i o n o f t h e wave. 

I f t h e p l a n e c o n t a i n i n g t h e E-vector and t h e 

d i r e c t i o n o f p r o p a g a t i o n remains f i x e d i n space and 

t i m e , t h e n t h e wave i s s a i d t o be 'plane p o l a r i s e d ' ( s e e 

F i g . 1 . 1 ) , and by c o n v e n t i o n t h i s p l a n e i s c a l l e d the 

'plane o f p o l a r i s a t i o n ' o f t h e wave. 

Normal u n p o l a r i s e d l i g h t can be t h o u g h t o f as 

a s u p e r p o s i t i o n o f a l a r g e number o f p l a n e p o l a r i s e d 

wave t r a i n s , w i t h random phase s h i f t s and o r i e n t a t i o n s , 

c a u s i n g t h e plane c o n t a i n i n g t h e E-vector t o v a r y w i t h 

t i m e . 
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Fig. 1-1 A simple plane - polarised wave 
propagating in the z-direction 

(b) a 
Unpolorised Partially Polarised 

Light Light 

Fig. 12 E * vector viewed along direction of 
propagation 
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P a r t i a l l y p o l a r i s e d l i g h t o c c u r s when t h e 
E-vector shows a p r e f e r e n c e f o r one p a r t i c u l a r 
d i r e c t i o n (see F i g . 1 . 2 ) , and t h e degree o f p o l a r i s a t i o n 
i s d e f i n e d as t h e r a t i o o f t h e i n t e n s i t y o f t h e 
p o l a r i s e d component t o t h e i n t e n s i t y o f t h e e n t i r e 
beam. 

However i f t h e sum o f two m u t u a l l y 

p e r p e n d i c u l a r plane p o l a r i s e d waves i s c o n s i d e r e d , 

where t h e two beams have t h e same f r e q u e n c y and t h e 

same a m p l i t u d e (Eo) , b u t a phase s h i f t o f (TT/2 + nTi) 

r a d i a n s (where n = 0,1,2,3...), t h e n i t can be seen 

t h a t t h e E-vector o f such a wave w i l l r o t a t e about t h e 

d i r e c t i o n o f p r o p a g a t i o n , d e s c r i b i n g a c i r c l e (see F i g 

1.3). 

More g e n e r a l l y , i f two m u t u a l l y 

p e r p e n d i c u l a r l y p l a n e p o l a r i s e d wave t r a i n s have 

d i f f e r e n t a m p l i t u d e s (Eox & Eoy) and a random phase 

s h i f t (DO , t h e i r sum can be d e s c r i b e d as 1 e l l i p t i c a l l y 

p o l a r i s e d ' (see F i g . 1.4), where t h e a n g l e between t h e 

semi-major a x i s o f t h e e l l i p s e and t h e X-axis i s 6• 

I t can a l s o be seen t h a t l i n e a r and c i r c u l a r 

p o l a r i s a t i o n are j u s t s p e c i f i c cases o f e l l i p t i c a l 

p o l a r i s a t i o n . 
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(a) (b) 
Propagating out of 

paper 

Fig 13 Circular polarisation 

F 
uoy 

f -ox 

Fig 1 4 Elliptical polarisation 
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1.3 The Mathematics o f P o l a r i s a t i o n - Stokes' 

Parameters 

As mentioned i n t h e p r e v i o u s s e c t i o n , t h e 

most g e n e r a l case o f p o l a r i s e d l i g h t i s e l l i p t i c a l 

p o l a r i s a t i o n , so t h i s w i l l be d e a l t w i t h f i r s t i n t h i s 

s e c t i o n , and t h e n t h e more s p e c i f i c cases o f l i n e a r and 

c i r c u l a r p o l a r i s a t i o n w i l l be t r e a t e d by u s i n g t h e 

r e l e v a n t parameter v a l u e s . The f o l l o w i n g m a t h e m a t i c a l 

t r e a t m e n t i s a f t e r van de H u l s t ( 1 9 5 7 ) , Khalesse (1978) 

and Warren-Smith ( 1 9 7 9 ) . 

M a t h e m a t i c a l e x p r e s s i o n s f o r t h e p a t h t r a c e d 

o u t by t h e E-vector o f an e l l i p t i c a l l y p o l a r i s e d beam 

o f l i g h t composed o f two p e r p e n d i c u l a r components, as 

d e s c r i b e d i n t h e p r e v i o u s s e c t i o n a r e : 

Ly = Eoy c o s ( t 3 - L u h + ^ (\ • 2) 

where (X i s t h e phase d i f e r e n c e between t h e components, 

k i s t h e wave number (=2TF/A ) r w i s t h e a n g u l a r 

f r e q u e n c y and z i s t h e p o s i t i o n i n t h e d i r e c t i o n o f 

p r o p a g a t i o n . To f i n d an e q u a t i o n which d e s c r i b e s t h e 

e l l i p s e o f p o l a r i s a t i o n i n t h e plane p e r p e n d i c u l a r t o 

t h e d i r e c t i o n o f p r o p a g a t i o n i t i s necessary t o 

e l i m i n a t e ( k z - w t ) from (1.1) and ( 1 . 2 ) . Expanding ( 1 . 2 ) 
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g i v e s ; 

'Y 
C O S ^ k ^ - U j t j 5 \ P ( k ^ - U j b ) Sir? tx 

3 
S u b s t i t u t i n g f o r c o s ( k z - w t ) from (1.1) g i v e s 

iLy i>L cose* — -S i r ? (W-cub) sir? oc 
.. Eoy Eo* ^ 

1-4 

A l s o from (1.1) 

ho*r 

S u b s t i t u t e from (1.5) i n (1.4) and r e a r r a n g e : 

Ev f , /E*V" 
rEoyy \ Eox/ - 2.1 

Ex \ 
Eox/ 

E 
•Yy 6 

T h i s i s t h e e q u a t i o n o f t h e e l l i p s e shown i n f i g . 1 . 4 

where: 

Z£ox Eoy C O S y>C t c i n 2 9 - 7 

Now i f t h e o r i e n t a t i o n o f t h e e l l i p s e were such t h a t 

= 0, t h a t i s : D(. = + t r/2, ±3 T T/2, ±5 T 1?2 t h e n (1.6) 

reduces t o : 

8. 
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For c i r c u l a r p o l a r i s a t i o n s e t Eox = Eoy = Eo t h e n : 

Then f o r l i n e a r p o l a r i s a t i o n s e t ̂  = n TT (where n i s an 

i n t e g e r o r zero) and e q u a t i o n (1.6) becomes: 

Ey - 1 [ | ^ | E, (1-10 

w h i c h i s t h e e q u a t i o n o f l i n e s f o r l i n e a r l y p o l a r i s e d 

l i g h t o f s l o p e s +(Eoy/Eox). 

The most c o n v e n i e n t parameters t o use f o r t h e 

d e s c r i p t i o n o f t h e degree o f p o l a r i s a t i o n f o r t h e 

purposes o f t h i s t h e s i s are Stokes' Parameters. These 

are ( f o r composite w a v e - t r a i n s ) : 
a. / ._ \z 

I = < E o * > + < E L 0 y / 

oy c o s y ) 

V = <( 2.EG*Eoy s i n o<)> 

Where <> s i g n i f i e s t h e time-averaged e x p e c t a t i o n v a l u e 

o f a parameter. The Parameters can be expressed as a 

Stokes' v e c t o r : S = (I,Q,U,V). I n g e n e r a l : 

t h e e q u a l i t y b e i n g t r u e f o r t h e case o f complete 

p o l a r i s a t i o n . For l i n e a r l y p o l a r i s e d l i g h t V = 0, f o r 

l e f t c i r c u l a r p o l a r i s a t i o n V > 0 and f o r r i g h t c i r c u l a r 
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p o l a r i s a t i o n V < 0. The d e t e c t i o n and data red u c t i o n 
techniques used are i n s e n s i t i v e t o V, as i t i s l i n e a r 
r a t h e r than c i r c u l a r p o l a r i s a t i o n which i s o f i n t e r e s t 
here. I f a beam i s unpolarised: Q = U = V = 0. The 
degree of p o l a r i s a t i o n P i s defined by: 

. PL = (Q^+U^V 1)' 7 2 

So f o r l i n e a r p o l a r i s a t i o n : 

P 2 - = M 

P i s u s u a l l y expressed as a percentage. Then from (1.7) 
and (1.11) i t can be seen t h a t : 

t a n 20 = — 6-i5N 

Q 
The Stokes 1 Parameters have the great advantage t h a t a 
superposition o f a l a r g e number of incoherent waves Ei 
w i t h Stokes' vectors Si produce a composite wave E w i t h 
Stokes' vector S, where: 

' l\ (].|6) 
So c a l c u l a t i o n of P and the r a t i o U/Q at each 

p o s i t i o n i n the f i e l d o f view gives the percentage 
p o l a r i s a t i o n and the p o s i t i o n angle o f the p o l a r i s e d 
l i g h t at t h a t p o s i t i o n , and enables p o l a r i s a t i o n maps, 
such as those i n chapter 3, t o be made. 
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1.4 Mechanisms f o r Producing P o l a r i s a t i o n 
There are various d i f f e r e n t means by which 

l i g h t reaching the ea r t h from astronomical ob j e c t s can 
be l i n e a r l y p o l a r i s e d . This i s a b r i e f summary of some 
of the most important o f these mechanisms. 

There are two d i s t i n c t types o f p o l a r i s i n g 
mechanism which are of i n t e r e s t here: Those which 
p o l a r i s e the l i g h t a t source and those which p o l a r i s e 
the l i g h t i n t r a n s i t between source and observer. 

Probably the most f a m i l i a r mechanism f o r 
producing the d i r e c t emission o f p o l a r i s e d l i g h t , and 
the only one which w i l l be d e a l t w i t h here, i s 
synchrotron emission. This comprises b a s i c a l l y a 
uniform magnetic f i e l d threading a region c o n t a i n i n g 
charged p a r t i c l e s . These p a r t i c l e s s p i r a l i n the 
magnetic f i e l d and emit r a d i a t i o n , which i s l i n e a r l y 
p o l a r i s e d perpendicular t o the f i e l d . 

There are, however, a number o f mechanisms 
which can produce p o l a r i s e d l i g h t from i n i t i a l l y 
unpolarised l i g h t . These p o l a r i s i n g mechanisms u s u a l l y 
take one o f two forms - e i t h e r p r e f e r e n t i a l absorption 
or s c a t t e r i n g . 
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Incident Alignment Exit 
unpolarised of partially 

light grains polarised light 

1-5 The Davis = Greenstein mechanism 



THE POLARISATION OF LIGHT 

To deal w i t h each o f these i n t u r n : 
P r e f e r e n t i a l absorption i s a mechanism whereby aligned 
non - s p h e r i c a l grains absorb one component o f an 
unpolarised beam of l i g h t t o a greater extent than the 
other. 

The mechanism u s u a l l y invoked t o account f o r 
t h i s i s a magnetic f i e l d which i s present throughout 
the region c o n t a i n i n g the non - s p h e r i c a l g r a i n s . Then 
the component o f the l i g h t , which i s p a r a l l e l t o the 
grai n s (perpendicular t o the f i e l d ) , w i l l be p a r t l y 
absorbed and the s t a r l i g h t seen through the region w i l l 
be p a r t i a l l y p o l a r i s e d p a r a l l e l t o the f i e l d (see F i g . 
1.5). This i s u s u a l l y r e f e r r e d t o as the Davis -
Greenstein mechanism (Davis & Greenstein 1951). 

This mechanism can occur because o f a l o c a l 
f i e l d i n one cloud or because o f an i n t e r s t e l l a r 
magnetic f i e l d throughout the i n t e r s t e l l a r medium 
between source and observer. 

S c a t t e r i n g i s the phenomenon which more 
concerns the subject o f t h i s t h e s i s . S c a t t e r i n g can 
occur from electrons or from dust p a r t i c l e s . 
Unpolarised l i g h t i n c i d e n t on ele c t r o n s w i l l i n general 
be p a r t i a l l y p o l a r i s e d a f t e r s c a t t e r i n g . However, the 
cross-section o f an e l e c t r o n i s so small t h a t f o r most 
observed c i r c u m s t e l l a r or i n t e r s t e l l a r e l e c t r o n 
d e n s i t i e s the m a j o r i t y o f the i n c i d e n t l i g h t passes 
through unscattered, so the r e s u l t a n t observed 
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percentage p o l a r i s a t i o n i s u s u a l l y small, and the 
i n t e n s i t y o f such p o l a r i s e d l i g h t i s low. 

Unpolarised l i g h t i n c i d e n t on dust grains 
w i l l , a f t e r s c a t t e r i n g , u s u a l l y appear p a r t i a l l y 
p o l a r i s e d i n a d i r e c t i o n perpendicular t o the plane of 
s c a t t e r i n g . This property enables the i l l u m i n a t i n g 
source of a dust cloud t o be ascertained i n c e r t a i n 
cases where the p o l a r i s a t i o n p a t t e r n f o r t h a t cloud 
appears centrosymmetric about a p a r t i c u l a r source. This 
property can also account f o r a c e r t a i n p e c u l i a r case 
where a s t a r appears p o l a r i s e d because of a 
non-spherical geometry f o r i t s enveloping dust cloud, 
i f the c i r c u m s t e l l a r dust cloud i s smaller than the 
'seeing d i s k ' of the observing telescope. This a r i s e s 
through the f a c t t h a t more l i g h t w i l l be scattered w i t h 
i t s p o l a r i s a t i o n perpendicular t o the long axis o f the 
dust cloud than p a r a l l e l t o t h a t a x i s . Hence the 
o v e r a l l image of the s t a r w i l l appear p o l a r i s e d . 

1•5 The Durham Polarimeter and the Reduction Technique 
The d e t e c t i o n system comprised the McMullen 

electronographic camera and the Durham U n i v e r s i t y 
Polarimeter. The data was reduced on the Durham node of 
S t a r l i n k , using the Electronographic Data Reduction 
System (EDRS) and the Durham Imaging Polarimetry System 
(DIPS) software. 
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D e t a i l s o f the d e t e c t i o n system can be found 
i n the paper by S c a r r o t t e t . a l . (1983), and d e t a i l e d 
explanation o f the red u c t i o n procedure i s t o be found 
i n the t h e s i s by Warren-Smith (1979). 
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CHAPTER 2 
A REVIEW OF CURRENT KNOWLEDGE OF RCRA 

2.1 General 
The RCrA dark cloud i s a nearby region o f 

a c t i v e s t a r formation, which l i e s a t a distance o f 
129pc (Marracco & Rydgren 1981), and i t contains many 
i n d i c a t i o n s o f such formation - Herbig Haro o b j e c t s , 
compact H I I regions (Brown and Zuckerman 1975) some 
i n f r a - r e d sources w i t h no v i s u a l counterpart b r i g h t e r 
than magnitude 20 (however not as many as might be 
expected from comparison w i t h other s i m i l a r regions -
see below), and T Tauri s t a r s , many o f which have larg e 
i n f r a - r e d excesses (Glass & Penston 1975). 

Vrba e t . al.(1975) discovered t h a t the Rho 
Ophiuchi dark cloud (a very s i m i l a r region) had a large 
population o f h e a v i l y obscured young s t a r s which showed 
up i n i n f r a - r e d studies o f the reg i o n . I n comparison t o 
t h i s the RCrA region contains only a few such sources 
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(Vrba e t . a l . 1976a). This lead Vrba (1977) t o estimate 
t h a t only about 0.5% of the mass o f the cloud has 
condensed t o form s t a r s . However t h i s anomaly appears 
t o have been c l a r i f i e d very r e c e n t l y by Taylor & Storey 
(1984), who have discovered a moderately lar g e 
p o p u l a t i o n o f obscured pre - main - sequence s t a r s , 
which suggests t h a t more of the cloud has formed s t a r s 
than was e a r l i e r suspected. 

The o p t i c a l image o f the region i s dominated 
by two r e f l e c t i o n nebulae, the l a r g e r o f which i s NGC 
6726/7, which i s i l l u m i n a t e d by two s t a r s - TYCrA and 
HD 176386 (Warren-Smith 1979). The other i s the 
cometary nebula NGC 6729, the c h i e f i l l u m i n a t i n g s t a r 
o f which i s RCrA i t s e l f , which i s seen at the 'apex' of 
the nebula. Observed i n the ' t a i l ' of the fan-shaped 
nebula i s the s t a r TCrA. The r o l e o f TCrA i n the 
i l l u m i n a t i o n o f the nebula has yet t o be ascertained. 

The whole extent o f the dark cloud region i s 
roughly 3 - 4 pc long, by about lpc wide, i f the 
distance o f 129pc t o the nebula i s c o r r e c t . RCrA i s an 
A5e s t a r at p o s i t i o n : D< (1950) = 18h 58m 32s5, "% (1950) 
= -3 7° 2' 8", w h i l s t TCrA l i e s about 1.5 arcmin t o the 
south-east, and i s a F0e s t a r (Herbig 1960). 

Both R and T CrA are T Taur i s t a r s , of mass 
between 1 - 3 so l a r masses, and both vary i n brightness 
around magnitude 11. Bellingham & Rossano (1980) 
concluded t h a t RCrA has a p e r i o d i c brightness v a r i a t i o n 
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of about 1500 days i n length and about 0.5 mag. i n 
amplitude, and t h a t TCrA has a much longer-period 
brightness v a r i a t i o n o f length about 10,000 days and 
amplitude about 0.75 mag. This lead them t o suggest 
t h a t what was being observed was var y i n g obscuration by 
c i r c u m s t e l l a r m a t e r i a l r a t h e r than a mechanism w i t h i n 
the s t a r s themselves.They then went on t o say t h a t such 
c i r c u m s t e l l a r m a t e r i a l c a s t i n g shadows onto f i x e d 
features i n the nebula could e x p l a i n super-light-speed 
v e l o c i t i e s observed f o r some 1 f e a t u r e s 1 by Gaposchkin & 
Greenstein (1936). 

I t has been found (Knacke e t . a l . 1973) t h a t 
RCrA i s probably less than a m i l l i o n years o l d , and i t 
i s h i g h l y l i k e l y t h a t TCrA i s a s i m i l a r age. 

2.2 The P o l a r i s a t i o n o f the Stars i n the RCrA Region 
The e a r l i e s t p o l a r i s a t i o n study o f the cloud 

i s by Whitney & Weston (1948). They found t h a t RCrA i s 
the c h i e f i l l u m i n a t i n g source o f the nebula, but they 
had i n s u f f i c i e n t data t o a s c e r t a i n the exact d i r e c t i o n 
and degree of p o l a r i s a t i o n o f the s t a r s . Nevertheless 
they d i d conclude t h a t p o l a r i s a t i o n l e v e l s throughout 
the cloud were everywhere less than 35% and mainly less 
than 20%. 
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Work has been c a r r i e d out i n the past on the 
p o l a r i s a t i o n o f RCrA: Serkowski (1969) claimed t h a t the 
p o l a r i s a t i o n o f the st a r was v a r i a b l e over a period of 
weeks ( t h i s w i l l be discussed l a t e r ) ; Vrba e t . a l . 
(1979) concluded t h a t the p o l a r i s a t i o n s o f st a r s on the 
periphery o f the cloud i n d i c a t e d i s t o r t i o n s i n the 
magnetic f i e l d , and achieved r e s u l t s which were 
q u a l i t a t i v e l y s i m i l a r t o those o f Serkowski but 
q u a n t i t a t i v e l y much smaller i n magnitude. 

Serkowski (1969) states t h a t the p o l a r i s a t i o n 
o f RCrA changed over a period o f only 5 weeks from 9 t o 
18 percent during August - September 1969, however he 
used a d i f f e r e n t size aperture f o r various observations 
(see Table 2.1) - i n f a c t anything from 11 t o 47 
arcsec. The c h i e f problem w i t h t h i s i s t h a t the l a r g e r 
the aperture used, then the more n e b u l o s i t y surrounding 
the s t a r i s included i n the f i e l d o f view and hence a 
d i f f e r e n t r e s u l t i s i n e v i t a b l e , given t h a t the nebula 
i s h i g h l y p o l a r i s e d . 

The other major danger a r i s i n g from lar g e 
diameter aperture measurements i s the problem of 
center i n g the aperture e x a c t l y on the s t a r each time a 
measurement i s made, as o f f s e t t i n g the aperture 
s l i g h t l y from one occasion t o the next w i l l introduce 
e x t r a e r r o r s due t o a s l i g h t l y d i f f e r e n t p o r t i o n of the 
nebula being i n the f i e l d of view. 
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A REVIEW OF CURRENT KNOWLEDGE OF RCRA 

With a 47" aperture something l i k e a quarter 
of the cometary nebula i s included i n the f i e l d o f 
view, and even a cursory glance at the p o l a r i s a t i o n map 
reproduced i n t h i s t h e s i s (see Chapter 3) w i l l show 
t h a t the sum p o l a r i s a t i o n o f so large an area must 
cancel t o give a smaller value than t h a t obtained from 
measurement o f the p o l a r i s a t i o n of a smaller angular 
size area. This i s seen from Serkowski's measurements -
as time progresses he uses a smaller aperture and 
obtains a l a r g e r r e s u l t f o r the p o l a r i s a t i o n o f the 
st a r . 

Then r e d u c t i o n o f the aperture s t i l l f u r t h e r 
below around 10" produces r e s u l t s which decrease w i t h 
decreasing aperture size as a d i f f e r e n t e f f e c t comes 
i n t o play: the p o l a r i s a t i o n o f RCrA was found by the 
author t o be roughly constant i n magnitude and 
d i r e c t i o n over an area o f order 10" across. Hence an 
aperture which includes a l l of t h i s area w i l l o b t a i n a 
reading which i s a maximum, and any f u r t h e r r e d u c t i o n 
i n area w i l l o b t a i n a reduced reading, as i s seen by 
comparing the r e s u l t s o f Serkowski and Vrba e t . a l . (see 
Table 2.2). 

As mentioned e a r l i e r a much smaller set o f 
p o l a r i s a t i o n measurements was obtained by Vrba e t . a l . 
(1979) (see Table 2.2) i n October 1973 using a 10" 
aperture, but they agree t o w i t h i n experimental e r r o r s 
w i t h Serkowski on the d i r e c t i o n o f the p o l a r i s a t i o n f o r 
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both R and T CrA, and found the two t o be roughly 
p a r a l l e l . Vrba e t . a l . also found the p o l a r i s a t i o n of 
both s t a r s t o vary w i t h wavelength. This i s not a 
s u r p r i s i n g observation, but what i s s u r p r i s i n g i s t h a t 
w h i l e the p o l a r i s a t i o n of R increased w i t h increasing 
wavelength the p o l a r i s a t i o n o f T decreased w i t h 
i ncreasing wavelength. They concluded t h a t the 
s i m i l a r i t y o f p o s i t i o n angle o f the two st a r s i m p l i e d a 
s i m i l a r c i r c u m s t e l l a r disk f o r each s t a r . The l a t t e r 
authors also concluded t h a t the p o l a r i s a t i o n s measured 
must be due t o very l o c a l e f f e c t s i n NGC 6729, because 
the survey c a r r i e d out by Vrba, Strom and Strom (1976b) 
showed t h a t the weighted mean p o l a r i s a t i o n of three 
s t a r s i n close angular p r o x i m i t y t o R & T CrA (nos. 
23,24 & 47 i n t h a t survey) i s only about 0.3 % , very 
much smaller than e i t h e r R or T. Hence r u l i n g out the 
p o s s i b i l i t y o f aligned foreground grains being the 
cause o f the p o l a r i s a t i o n . 

Having taken i n t o account a l l o f the 
observations there i s s t i l l evidence t h a t despite the 
experimental e r r o r s involved there i s a v a r i a t i o n i n 
the observed degree o f p o l a r i s a t i o n o f both R & T CrA. 
This v a r i a t i o n could a r i s e from w i t h i n the st a r i t s e l f , 
or else from some c i r c u m s t e l l a r matter - the l a t t e r 
being more l i k e l y because of the very long time scale 
of the v a r i a t i o n s . Bastien (1982), i n a study o f T 
Tauri s t a r s , concluded t h a t : "Linear p o l a r i s a t i o n 
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v a r i a b i l i t y .... occurs i n a t l e a s t 35% of a l l the 
s t a r s .... observed." 

However the evidence i s less strong f o r 
v a r i a b i l i t y i n the d i r e c t i o n o f the p o l a r i s a t i o n of the 
two s t a r s because o f the d i f f e r e n t sizes o f apertures 
used by the d i f f e r e n t observers. The r e s u l t s tend t o 
suggest t h a t the d i r e c t i o n s o f p o l a r i s a t i o n o f the two 
sta r s are more or less p a r a l l e l and not time dependent 
- t h i s could i n d i c a t e a constant la r g e - s c a l e p o l a r i s i n g 
mechanism ( p o s s i b l y a magnetic f i e l d ) across the whole 
reg i o n . 

2.3 The Magnetic F i e l d 
Much work has been done on the magnetic f i e l d 

s t r u c t u r e w i t h i n the dark cloud complex i n the region 
of RCrA. One way t o a s c e r t a i n the d i r e c t i o n of a f i e l d 
i n a dark cloud region i s t o examine the p o l a r i s a t i o n s 
o f s t a r s seen background t o the cloud. Then the 
mechanism invoked f o r producing these p o l a r i s a t i o n s i s 
the Davis - Greenstein mechanism (see s e c t i o n 1.4). 

The most extensive observational work c a r r i e d 
out i n t h i s f i e l d on the RCrA region was by Vrba, Strom 
& Strom (1976b), who looked at the p o l a r i s a t i o n s o f 76 
sta r s seen background t o the cloud. From t h i s survey 
they concluded t h a t the magnetic f i e l d followed the 
contours o f the cloud and had only one t u r n i n i t , 
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which i s i n the v i c i n i t y o f R and T CrA. 
In f a c t the wording i n t h a t paper i s 

i n c o r r e c t , and i n c o n s i s t e n t w i t h the data presented. 
What the data i n f a c t shows i s t h a t the f i e l d i s at a 
p o s i t i o n angle o f near 100°to the east o f RCrA and 
tur n s t o an angle o f some 40°- 60°to the west o f RCrA. 
This t w i s t i n the magnetic f i e l d occurs a t the p a r t of 
the cloud which l i e s c l o s e s t t o the g a l a c t i c plane. 

This lead the l a t t e r authors t o conclude 
t h a t , as the cloud collapses, the matter i s constrained 
by the magnetic f i e l d t o collapse along the f i e l d l i n e s 
u n t i l i t reaches t h a t p a r t o f the cloud nearest t o the 
g a l a c t i c plane. This i s where the t w i s t i n the f i e l d 
forms a p o t e n t i a l w e l l , and where i t would be expected 
t h a t the densest p a r t o f the cloud would be s i t u a t e d , 
and where the most s t a r formation would have occurred. 

This i s borne out by observation, as i t can 
be seen t h a t t h i s region contains the most dense 
nebulae - NGC 6726/7 AND NGC6729 - and the l a r g e s t 
p r o p o r t i o n o f the dark cloud's s t a r formation - RCrA, 
TCrA, TYCrA, HD176386 e t c . 

Vrba (1977) attempted t o assess the r o l e 
which the magnetic f i e l d plays i n the e v o l u t i o n of dark 
clouds, and he looked a t the RCrA reg i o n . He compared 
the r e l a t i v e magnitudes o f the g r a v i t a t i o n a l , k i n e t i c , 
magnetic and thermal energies o f the nebula. These 
estimations lead him t o the conclusions t h a t thermal 
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and k i n e t i c energies alone could not prevent 
g r a v i t a t i o n a l c o l l a p s e , but t h a t the magnetic f i e l d 
s e r i o u s l y i n h i b i t e d such collap s e , and was the reason 
why only l i m i t e d s t a r formation had occurred (see 
sect i o n 2.1). 

He concluded t h a t the formation o f NGC6729 
was due t o a Parker i n s t a b i l i t y (Parker 1966) between 
the g a l a c t i c magnetic and g r a v i t a t i o n a l f i e l d s . 

A Parker-type i n s t a b i l i t y occurs when the 
weight of a heavy f l u i d ( i n t h i s case the thermal gas) 
holds down a l i g h t f l u i d ( i n t h i s case the magnetic 
f i e l d ) . That i s t o say t h a t the gas cannot escape along 
the magnetic f i e l d l i n e s because o f i t ' s g r a v i t a t i o n a l 
a t t r a c t i o n toward the g a l a c t i c plane, and i t cannot 
escape across the magnetic f i e l d l i n e s w i thout 
expending energy. P e r t u r b a t i o n c a l c u l a t i o n s show t h i s 
t o be unstable (Parker 1967) w i t h a scale size o f 
several hundred parsecs along the magnetic f i e l d and 
only about lpc perpendicular t o the f i e l d . 

Vrba 1s reasons f o r h i s conclusions were the 
geometry and size o f the cloud, and e s p e c i a l l y the 
observed ' w e l l ' i n the magnetic f i e l d (see above). The 
cloud collapse w i l l be discussed f u r t h e r i n the next 
s e c t i o n . 
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Rossano (1978) cast some doubt on the Parker 
i n s t a b i l i t y model. From a study o f the d i s t r i b u t i o n o f 
i n t e r s t e l l a r e x t i n c t i o n i n the region he found a 
p i c t u r e somewhat d i f f e r e n t , which tended t o suggest 
t h a t the cloud i s fragmenting as i t f a l l s towards the 
g a l a c t i c plane, and t h a t thermodynamic considerations 
are more important than magnetic f i e l d e f f e c t s . However 
the balance o f evidence and opi n i o n does appear t o be 
w i t h Vrba r a t h e r than Rossano. 

A more d e t a i l e d p o l a r i m e t r i c study of the 
region was c a r r i e d out by Vrba, Coyne & Tapia (1981) 
which b a s i c a l l y agreed w i t h the conclusions o f Vrba 
(1977) but added t h a t the f i e l d appears t o be more 
complex i n the immediate v i c i n i t y o f RCrA than had 
p r e v i o u s l y been mentioned. These authors then went on 
t o examine the wavelength dependence o f the 
p o l a r i s a t i o n , and from t h i s concluded t h a t the dark 
cloud consisted o f a widespread d i s t r i b u t i o n o f l a r g e r 
grains than those t y p i c a l l y found i n the i n t e r s t e l l a r 
medium. Also, since the s t a r s f o r which they obtained 
p o l a r i m e t r i c data were a l l l a t e - t y p e s t a r s background 
t o the cloud, they concluded t h a t the m a j o r i t y o f the 
cloud grains were not i n the c i r c u m s t e l l a r envelopes o f 
young s t a r s . Thus the cloud must have good c o n d i t i o n s 
f o r the formation and pr e s e r v a t i o n o f large grains i n a 
region removed from the only area where l i m i t e d s t a r 
formation has occurred. 

Page 21 



A REVIEW OF CURRENT KNOWLEDGE OF RCRA 

This i s a t t r i b u t e d by the l a t t e r authors t o 
the f a c t t h a t the whole cloud i s very young (les s than 
a m i l l i o n years o l d , Knacke e t . a l . 1973). Coyne e t . a l . 
(1979) showed t h a t i n about twenty m i l l i o n years large 
grains can be destroyed during the phase o f very 
luminous pre - main - sequence e v o l u t i o n . This i s what 
i s b elieved t o have happened i n the Alpha Persei 
c l u s t e r , which i s thought t o be an older v e r s i o n o f the 
RCrA cloud. 

Loren (1979) reported t h a t there was no large 
- scale turbulence w i t h i n the cloud, so the only 
mechanism f o r g r a i n motion i s r a d i a t i o n pressure. The 
youth o f the cloud r u l e s t h i s out as the moving agent 
because the l a r g e grains are too widespread f o r them t o 
have been formed i n the s t a r forming region and then 
blown t o the e x t r e m i t i e s of the cloud i n the time since 
i t was formed. 

This lead Vrba, Coyne & Tapia (1981) t o 
conclude t h a t the grains must be formed i n s i t u 
throughout the cloud and t h a t the only mechanism which 
could explain the observed g r a i n size d i s t r i b u t i o n was 
the a c t i o n o f g r a v i t a t i o n a l and magnetic f i e l d s on 
charged g r a i n s . 

The magnitude o f the observed magnetic f i e l d 
was also c a l c u l a t e d by the l a t t e r authors t o have a 
peak value o f 150 microgauss. They then used t h i s f i e l d 
t o e x p l a i n the low angular momentum observed f o r the 
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cloud and the s t a r s as the r e s u l t o f 'magnetic 
b r a k i n g 1 . That i s when the angular momentum of the 
cloud i s t r a n s f e r r e d t o the surrounding medium by means 
of torques t w i s t i n g the magnetic f i e l d l i n e s . This then 
also explains the more complex p o l a r i s a t i o n p a t t e r n 
observed i n the v i c i n i t y o f RCrA. 

F i n a l l y they estimated t h a t by the time t h a t 
the cloud has reached the age o f the Alpha Persei 
c l u s t e r (about twenty m i l l i o n years) much o f the 
magnetic f i e l d energy w i l l have been d i s s i p a t e d and 
more extensive s t a r formation w i l l have occurred. 

Thus i t can be seen t h a t the magnetic f i e l d 
plays a very important r o l e i n the s t a r formation 
process i n a dark cloud. I n i t i a l l y i t i s the cause o f 
the formation o f the densest p a r t o f the cloud. Then i t 
i s also the mechanism which reduces the e f f i c i e n c y o f 
the s t a r - f o r m i n g process and prevents much more 
widespread s t a r formation from o c c u r r i n g much more 
q u i c k l y . 

2.4 I n f r a - r e d and Other Surveys 
A survey was c a r r i e d out i n the i n f r a - r e d by 

Knacke e t . a l . (1973) which looked at several objects i n 
the area around RCrA. This survey found t h a t many 
obj e c t s i n the region have l a r g e i n f r a - r e d excesses. 
From c a l c u l a t i o n s o f B-V d i f f e r e n c e s the l a t t e r authors 
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concluded t h a t a l l the s t a r s w i t h i n the cloud are 
pre-main-seqence s t a r s , and t h a t the whole cloud i s 
probably less than a m i l l i o n years o l d . 

Glass & Penston (1975) conducted an i n f r a - r e d 
survey o f the region around RCrA and found only a few 
st a r s w i t h i n f r a - r e d excesses - i n f a c t no more than 
found by Knacke e t . a l . (1973). From background s t a r s 
they estimated t h a t v i s u a l absorption i n the cloud i s 8 
+ 2 mag. For these few I.R. excess s t a r s they found no 
obvious c o r r e l a t i o n t o e x i s t between v a r i a b i l i t y and 
i n f r a - r e d excess. 

An i n f r a - r e d survey was c a r r i e d out a t 2 
microns by Vrba, Strom & Strom (1976a) throughout the 
RCrA reg i o n . They found only 4 sources w i t h no o p t i c a l 
c o u nterpart. They found no evidence f o r a la r g e 
p o p u l a t i o n o f h e a v i l y obscured s t a r s , which would be 
evident from t h e i r i n f r a - r e d emission. From t h i s they 
concluded t h a t : e i t h e r there was very much higher 
v i s u a l e x t i n c t i o n i n t h i s cloud than i n s i m i l a r clouds 
elsewhere; or the cloud was not o l d enough f o r 
extensive s t a r formation t o have occurred - po s s i b l y 
because some mechanism (e.g. a strong magnetic f i e l d ) 
had g r e a t l y impeded such widespread formation. However, 
as mentioned e a r l i e r ( s e c t i o n 2.1), t h i s has now been 
c l a r i f i e d by Taylor & Storey (1984), who have found an 
embedded population o f pre - main - sequence s t a r s . 
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Brown & Zuckerman (1975), i n a r a d i o survey, 
found two compact H I I regions i n an 18 1 f i e l d around 
RCrA, which have no o p t i c a l or 2 micron counterparts. 
Both are located i n h e a v i l y obscured p a r t s o f the cloud 
and are claimed by the authors t o represent p r o t o s t a r s 
deeply embedded w i t h i n the cloud. Also i n 1975, Milman 
e t . a l . reported a carbon monoxide survey o f the area i n 
which they found t h a t the cloud has a brightness 
temperature o f up t o 25K and a median v e l o c i t y of 
around 7km/sec. 

Loren (1979) presented the r e s u l t s o f a 
m i l l i m e t e r wavelength survey c a r r i e d out i n the region 
f o r several molecular l i n e s . His cloud d e n s i t y contour 
maps show a p i c t u r e very s i m i l a r t o t h a t described i n 
the previous s e c t i o n : an elongated cloud w i t h o n l y one 
t w i s t i n i t - i n the v i c i n i t y o f R & TCrA - thus one 
limb o f the cloud extends t o the south-east o f R and 
the other t o the south-west. 

The v e l o c i t y - l i n e - p r o f i l e contour maps 
presented by the l a t t e r author lead him t o the 
conclusion t h a t the south-eastern arm l i e s i n the plane 
of the sky but t h a t the south-western arm l i e s p a r t l y 
along the l i n e o f s i g h t away from the e a r t h . The l a t t e r 
maps also lead him t o the conclusion t h a t there was no 
large-scale turbulence w i t h i n the cloud, but t h a t the 
cloud was undergoing nonhomologous collapse - V ̂  1/ J^F 
- along a magnetic f i e l d , c o n s i s t e n t w i t h the theory 
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presented i n the l a s t s e c t i o n . 
One f u r t h e r f a c t a r i s e s from t h i s l a t t e r 

survey: the south-eastern limb of the cloud i s probably 
r o t a t i n g about i t s long axis (almost p a r a l l e l t o the 
f i e l d l i n e s ) as i t collapses along t h a t a x i s . 

De Muizon e t . a l . (1980) performed an 
i n f r a - r e d survey across a narrow band centred on RCrA 
i n 2 colours i n the 70 - 200 micron range. They found a 
source c o i n c i d e n t w i t h the CO maximum o f Loren (1979). 
They also obtained a dust colour temperature o f 3 7 + 2 
K and a t o t a l l u m i n o s i t y o f the extended source (4.5 
arcmin i n diameter) of 120 so l a r l u m i n o s i t i e s . 

A CZH survey was c a r r i e d out by Wootten e t . a l 
(1980) i n which they found the k i n e t i c temperature o f 
the cloud t o be 25K and i n which they found the C2H 

- l o 

abundance i n the cloud t o be around 3x10 
Loren e t . a l . (1983) c a r r i e d out two Ĥ CO l i n e 

surveys o f the RCrA cloud t o determine d e n s i t y p r o f i l e s 
w i t h i n the n e b u l o s i t y . They found cloud contours i n 
agreement w i t h the south-eastern limb o f the cloud as 
mentioned by Loren (1979) and they confirmed t h a t the 
densest p a r t o f the cloud l i e s around the region o f 
RCrA. However from c a l c u l a t i o n s o f the v i s u a l 
e x t i n c t i o n towards t h a t s t a r they concluded t h a t i t 
l i e s much nearer the surface o f the cloud than the 
centre. 

Page 26 



A REVIEW OF CURRENT KNOWLEDGE OF RCRA 

The l a t t e r authors also concluded t h a t the 
d e n s i t y decreases steeply away from the core w i t h a 
roughly R x r e l a t i o n , and t h a t the core mass i s about 
19 solar masses. Their model also requires t h a t the 
abundance o f HzCO va r i e s w i t h r a d i a l distance from the 
core. This model has a low abundance core w i t h a high 
abundance envelope and a region of t r a n s i t i o n i n 
between. Their suggested reason f o r t h i s i s t h a t more 
molecules are accreted onto the dust grains as the 
cloud d e n s i t y increases towards the core, reducing the 
abundance o f fre e HzCO molecules. 

F i n a l l y they concluded t h a t the collapse o f 
the cloud would continue, since the observed magnetic 
f i e l d of 150 microgauss (Vrba, Coyne & Tapia 1981), 
although being strong enough t o hinder the c o l l a p s e , i s 
an order o f magnitude too small t o prevent collapse 
completely. Hence they concluded t h a t e v e n t u a l l y 
f u r t h e r s t a r formation i s i n e v i t a b l e w i t h i n the cloud. 

2.5 Summary 
NGC 6729, i l l u m i n a t e d by the v a r i a b l e T Tauri 

A5e s t a r RCrA, i s p a r t o f a lar g e dark cloud complex 
undergoing nonhomologous co l l a p s e , which l i e s a t a 
distance of 129pc and i s less than a m i l l i o n years o l d . 
The cloud was probably formed by a Parker i n s t a b i l i t y 
i n the g a l a c t i c magnetic f i e l d . However, having formed 
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the cloud, the f i e l d now impedes more r a p i d collapse i n 
any d i r e c t i o n other than along the f i e l d l i n e s , because 
of the paramagnetic nature of the grains o f which the 
cloud i s composed, and only an estimated 0.5% of the 
mass o f the cloud has condensed t o form s t a r s ; although 
compact H I I regions probably i n d i c a t e embedded 
p r o t o s t a r s . The peak f i e l d s t r e n g t h i s around 150 
microgauss. 

The immediate v i c i n i t y o f RCrA i s the most 
dense p a r t o f the cloud, and i t i s here t h a t TCrA i s 
seen, although the r o l e which the l a t t e r s t a r plays i n 
i l l u m i n a t i n g the cloud i s unclear. There i s evidence 
t h a t , as w e l l as having v a r i a b l e b r i g h t n e s s , both s t a r s 
also have v a r i a b l e p o l a r i s a t i o n , a t l e a s t i n degree, i f 
not i n d i r e c t i o n . Moreover, i t i s b e l i e v e d , because o f 
the time-scales o f such v a r i a t i o n s , t h a t t h e i r o r i g i n 
i s c i r c u m s t e l l a r . 
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CHAPTER 3 
THE NEW DATA 

3.1 Experimental D e t a i l s 
The observations were made at the f/15 focus 

of the 3.9m Anglo A u s t r a l i a n Telescope on 1980 June 10 
using the Durham Polarimeter and McMullan 
Electronographic Camera ( S c a r r o t t e t . a l . 1983).A broad 
V-band f i l t e r (GG550 + BG38) was used f o r the 
observations. 

Observations were also made o f the same 
obj e c t on 1982 May 20 using the South A f r i c a n 
Astronomical Observatory 1.9m telescope, w i t h a red 
f i l t e r , & the Electronographic Camera without the 
Polarimeter. 

The data was d i g i t i s e d using the PDS micro -
densitometer a t the Royal Greenwich Observatory. The 
data was reduced on the Durham U n i v e r s i t y node o f 
S t a r l i n k using the re d u c t i o n techniques described by 
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Warren-Smith (1979). 

3.2 P o l a r i s a t i o n Maps 
The p o l a r i s a t i o n maps shown i n Figs. 3.1 t o 

3.3 i l l u s t r a t e the d i s t r i b u t i o n o f l i n e a r p o l a r i s a t i o n 
a t various p o s i t i o n s i n the nebula. The p o l a r i s a t i o n a t 
each p o i n t i s represented by a l i n e , the le n g t h o f 
which i s p r o p o r t i o n a l t o the percentage p o l a r i s a t i o n a t 
t h a t p o i n t , and the d i r e c t i o n o f which i s p a r a l l e l t o 
the E-vector of the l i g h t emanating from t h a t area. 

F i g . 3.1 i s a p o l a r i s a t i o n map o f the region 
surrounding R and T CrA. The i n t e g r a t i o n b i n s f o r the 
map are 2 x 2 arcsec a t 2 arcsec i n t e r v a l s . The 
p o s i t i o n s o f the two st a r s are marked f o r reference. 
The s t r i p - l i k e appearance o f the map a r i s e s from the 
equipment arrangement and the f a c t t h a t only h a l f o f 
the o b j e c t i s observed at any one time, the two halves 
being joined l a t e r i n the red u c t i o n process. 

Close examination o f Fig . 3.1 reveals several 
i n t e r e s t i n g f e a t u r e s : The most s t r i k i n g aspect o f the 
map i s t h a t the m a j o r i t y o f the p o l a r i s a t i o n vectors 
form a centrosymmetric p a t t e r n about RCrA. This q u i t e 
c l e a r l y i n d i c a t e s t h a t R i s the i l l u m i n a t i n g source o f 
the major p a r t o f the nebula, and t h a t the p o l a r i s i n g 
mechanism i s simply s c a t t e r i n g from dust g r a i n s , w i t h 
the plane o f p o l a r i s a t i o n perpendicular t o the plane of 
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s c a t t e r i n g f o r the scattered l i g h t . 
However there are a few notable exceptions t o 

t h i s b a s i c a l l y centrosymmetric p a t t e r n : The l a r g e s t o f 
these i s the region due west from TCrA (marked A i n 
Fi g . 3.1). Here the p a t t e r n c l e a r l y deviates from one 
which i s centred on R. The v e c t o r s , i n f a c t , i n d i c a t e 
p a r t o f a centrosymmetric p a t t e r n about TCrA. This, by 
the same argument as before, suggests t h a t T i s the 
i l l u m i n a t i n g source o f t h i s small area. The n u l l p o i n t 
i n the p o l a r i s a t i o n p a t t e r n (marked N i n F i g . 3.1) 
marks the l i m i t o f the i l l u m i n a t i o n by TCrA, where the 
two competing p o l a r i s a t i o n s j u s t cancel. Beyond t h i s 
p o i n t RCrA becomes the dominant i l l u m i n a t i n g source. 

The two other regions which do not form p a r t 
o f the o v e r a l l p a t t e r n centred on R are the areas i n 
the immediate v i c i n i t y o f the s t a r s themselves. I n a 
region around R, extending f o r about 30 arcsec i n a 
d i r e c t i o n roughly North t o South, there i s a band of 
uniform p o l a r i s a t i o n about 10 arcsec wide. There i s a 
s i m i l a r , s l i g h t l y smaller, region around T, where the 
p o l a r i s a t i o n i s p a r a l l e l t o t h a t around R, and i n f a c t 
the two bands themselves are roughly p a r a l l e l . C l e a r l y 
one o f the other p o l a r i s a t i o n mechanisms mentioned i n 
s e c t i o n 1.4 i s required t o e x p l a i n these two regions. 

Page 31 



RCRA 

/ 
\ 

V 

w ^ \ \ 

> \ \ \ / \ \ W ~v \ ^ \ \ \ \ \ \ \ 

\ \ \ WW •/ 
\ N \ ^ v / / \ \ \ s / 

\ I 
\ •v. 

\ ' 
\ \ \ W / / / \ \ \ WW > \ N \ 

/ 
50% Polarization — 2 arcsec 

Fig. 3-2 



TCRA 
\ 

\ 
\ 

\ 

X 

/ / 
/ N 

w 
'/ 
/ 

/ 
I 
/ \ \ — 

\ 
s 

/ 

N \ 

\ \ \ 

= 50% Polarisation • — 2 arcsec 

Fig. 3 3 



THE NEW DATA 

To see these l a t t e r regions more c l e a r l y , 
l a r g e r - scale p o l a r i s a t i o n maps are i l l u s t r a t e d i n 
Figs. 3.2 and 3.3. The i n t e g r a t i o n bins f o r these maps 
are about 1.2 x 1.2 arcsec at 1.2 arcsec i n t e r v a l s -
the l i m i t o f the r e s o l u t i o n o f the observations as 
d i c t a t e d by the 'seeing d i s k ' , which was j u s t over 1 
arcsec on the n i g h t the observations were made. The two 
maps are aligned p a r a l l e l t o each other f o r ease o f 
examination. S c r u t i n y o f the maps shows them t o be very 
s i m i l a r , so i t could be expected t h a t a s i m i l a r 
mechanism accounts f o r each. 

Taking F i g . 3.2 f i r s t : The p o l a r i s a t i o n a t R 
i s c l e a r l y not zero, and i s roughly p a r a l l e l i n 
d i r e c t i o n t o the long axis o f the uniform band o f 
p o l a r i s a t i o n . The l i m i t o f the band t o the south o f 
RCrA i s marked by a ' n u l l p o i n t ' i n the p o l a r i s a t i o n 
map, where the p o l a r i s a t i o n becomes e s s e n t i a l l y zero 
because the two competing p o l a r i s a t i o n mechanisms 
cancel. Beyond t h i s p o i n t the centrosymmetric p a t t e r n 
dominates once more. There i s too much random noise i n 
the data t o the nor t h of R t o observe a n u l l p o i n t . 
However i f the distance from the st a r t o the southern 
l i m i t of the band i s taken as h a l f o f the len g t h o f the 
band, then i t s f u l l l e n gth must be about 30 arcsec. The 
exact width o f t h i s band i s d i f f i c u l t t o determine, 
since the two p o l a r i s a t i o n mechanisms are a d d i t i v e i n 
the regions at the edge o f the band, so no n u l l p o i n t 
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would be expected. 
Then lo o k i n g at F i g . 3.3 i t can be seen t h a t 

again there i s a p a r a l l e l band of uniform p o l a r i s a t i o n 
centred on T which i s almost i d e n t i c a l t o t h a t around 
R. The data contains too much noise t o observe any 
' n u l l p o i n t s ' marking the e x t r e m i t i e s o f the band, due 
t o the lesser brightness o f TCrA, but close examination 
of the map shows t h a t the band must be of roughly 
s i m i l a r size and o r i e n t a t i o n t o the band around RCrA. 

In order t o compare the p o l a r i s a t i o n r e s u l t s 
o f the s t a r s w i t h those of Serkowski and Vrba quoted 
e a r l i e r (see Tables 2.1 & 2.2) a computational 
proceedure was used which simulated a c i r c u l a r aperture 
of any chosen size i n any p o s i t i o n , and the r e s u l t s 
obtained are t a b u l a t e d i n Table 3.1. Because of the 
s t r i p - l i k e nature o f the map explained e a r l i e r i t was 
not possible t o o b t a i n p o l a r i s a t i o n measurements f o r an 
aperture l a r g e r than 9 arcsec diameter. 

The values given show t h a t the p o l a r i s a t i o n 
ranges from about 4 t o 9 percent i n each case. For R 

o 

the p o s i t i o n angle o f the p o l a r i s a t i o n i s around 189 , 
o 

wh i l e f o r T i t i s around 198 . 
A comparison of these r e s u l t s w i t h the V-band 

r e s u l t s o f Serkowski and Vrba i s given i n Table 3.2. 
F i r s t comparing the r e s u l t s of Serkowski i t can be seen 
t h a t he obtained values between 10 and 17 percent f o r R 

o o 

a t angles between 170 and 186 using 11 and 12 arcsec 
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apertures. He does not quote r e s u l t s f o r T i n the same 
wavelength band. Then looking at Vrba's r e s u l t s i t can 
be seen t h a t he found p o l a r i s a t i o n s o f 5.6 percent f o r 
R at 175 , and about 3 percent f o r T a t 172 . 

These r e s u l t s suggest t h a t there i s 
v a r i a b i l i t y i n the p o l a r i s a t i o n o f both s t a r s . However 
the e r r o r s associated w i t h changing the aperture size 
make i t impossible t o say i n e x a c t l y what manner the 
p o l a r i s a t i o n i s v a r y i n g . What can be said i s t h a t i t i s 
very l i k e l y t h a t a s i m i l a r mechanism accounts f o r the 
v a r i a b i l i t y o f each. 

To o b t a i n an idea o f how the magnitude of the 
p o l a r i s a t i o n i s varying across the nebula, graphs were 
produced of p o l a r i s e d i n t e n s i t y versus p o s i t i o n i n the 
f i e l d o f view o f F i g . 3.1. Three 'cross - sections' 
were taken across the map, i n d i c a t e d by Lines 1, 2, & 3 
i n F i g . 3.1.b. Line 1 passes through the centres of the 
two s t a r s . Line 2 cuts through the centre o f RCrA 
perpendicular t o Line 1. Line 3 i s p a r a l l e l t o Line 2 
and passes through the centre o f TCrA. The graphs of 
these cross - sections are i l l u s t r a t e d i n Figs. 3.4, 
3.5 & 3.6. A s i m i l a r graph o f percentage p o l a r i s a t i o n 
versus p o s i t i o n along Line 1 i s given i n F i g . 3.7. I n 
a l l the graphs the p o s i t i o n coordinate i s measured i n 
' p i x e l s ' - where 50 p i x e l s i s equal t o 20 arcsec.The 
u n i t s o f p o l a r i s e d i n t e n s i t y f o r these graphs are 
a r b i t r a r y , but are the same f o r a l l graphs. 
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Taking the graphs i n order: F i g . 3.4 shows 
how the p o l a r i s e d i n t e n s i t y v a r i e s along the l i n e 
j o i n i n g the s t a r s . The s t a r s themselves show up c l e a r l y 
as maxima, and the p o l a r i s e d i n t e n s i t y f o l l o w s a 
roughly decreasing trend away from RCrA. 

A sharp drop i n i n t e n s i t y , such as t h a t found 
at p o s i t i o n coordinate 200 i n F i g . 3.4 i s merely due t o 
a few 'bad' p i x e l s . Some o f the other graphs show 
s i m i l a r f e a t u r e s , which can be d i s t i n g u i s h e d from data 
by t h e i r extreme narrowness. These w i l l be ignored. 
There i s however a secondary maximum at p o s i t i o n 
coordinate 210, and a minimum, a t roughly p o s i t i o n 240, 
separating the two maxima. This minimum and secondary 
maximum w i l l be returned t o l a t e r . 

F i g . 3.5 i l l u s t r a t e s the v a r i a t i o n o f 
po l a r i s e d i n t e n s i t y along a l i n e through RCrA only 
(Line 2 i n Fi g . 3.1.b). The 'grids' which make up the 
image can be c l e a r l y seen. The s t a r shows up as a 
maximum. The small d i p w i t h i n t h a t maximum i s merely 
due t o p a r t i a l over - exposure o f the b r i g h t e s t p a r t o f 
the image, and subsequent loss o f data. 

Fig.3.6 shows a cross - s e c t i o n through TCrA 
(Line 3 i n F i g . 3.1.b). The maximum corresponding t o 
the s t a r can be seen. This i s a s l i g h t l y less intense 
maximum, and i t i s not over - exposed. 
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Comparing these three graphs shows t h a t the 
p o l a r i s e d i n t e n s i t y l e v e l s are g e n e r a l l y higher i n the 
centre of the n e b u l o s i t y than at the f a i n t e r edges. 
They also show t h a t p o l a r i s e d i n t e n s i t y g e n e r a l l y 
decreases away from RCrA, as would be p r e d i c t e d i f R 
were the major i l l u m i n a t i n g source o f the nebula. 

Now l o o k i n g at the graph o f percentage 
p o l a r i s a t i o n versus p o s i t i o n along Line 1 ( F i g . 3.7) 
several features are apparent: The two s t a r s show up as 
minima o f values j u s t over 4 percent, TCrA i s a t 
p o s i t i o n coordinate 60 and R i s a t about 270. The very 
narrow maximum at p o s i t i o n 200 i s due t o the same bad 
p i x e l s as caused a s i m i l a r feature i n Fig 3.4. The 
o v e r a l l trend across the nebula appears t o be o f 
in c r e a s i n g p o l a r i s a t i o n w i t h i n c r e a s i n g distance from 
RCrA. A secondary minimum i s seen at around 240, and 
again the explanation f o r t h i s w i l l be d e a l t w i t h 
l a t e r . 

The graphs taken together give a more 
d e t a i l e d p i c t u r e o f v a r i a t i o n s o f p o l a r i s a t i o n 
magnitudes than can be seen from merely l o o k i n g at the 
p o l a r i s a t i o n maps. Then f o r comparison, a set o f graphs 
were p l o t t e d o f t o t a l i n t e n s i t y versus p o s i t i o n along 
the same three l i n e s . They are reproduced i n Figs. 3.8, 
3.9 and 3.10 r e s p e c t i v e l y . 
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These graphs simply show the l i g h t i n t e n s i t y 
p r o f i l e s across the nebula. The s t a r s show up as 
maxima, and the i n t e n s i t y g e n e r a l l y decreases away from 
RCrA, as would be expected i f R were the primary 
i l l u m i n a t i n g source o f the nebula. 

In F i g . 3.8 the secondary maximum, a t 210, 
near R, again shows up, but i s less pronounced, as i s 
the minimum separating t h i s from RCrA, than i n the 
p o l a r i s e d i n t e n s i t y image (compare w i t h F i g . 3.4). So 
what i s seen i s t h a t there i s a minimum of percentage 
p o l a r i s a t i o n and p o l a r i s e d i n t e n s i t y , which i s 
observed, but i s less marked i n t o t a l i n t e n s i t y . That 
i s t o say t h a t there i s almost the same i n t e n s i t y o f 
l i g h t emanating from t h a t r e g i o n , but w i t h reduced 
p o l a r i s a t i o n . 

I n an attempt t o see how t h i s minimum of 
p o l a r i s e d i n t e n s i t y a l t e r s i n two o r i e n t a t i o n s across 
the nebula a f u r t h e r three p r o f i l e s were drawn p a r a l l e l 
t o the f i r s t , and on both sides o f i t . F i g . 3.11 shows 
the p r o f i l e taken 2 arcsec t o the northeast o f Line 1. 
Fi g . 3.12 gives the p r o f i l e the same distance t o the 
southwest. F i g . 3.13 i l l u s t r a t e s the same p r o f i l e 
another 1.2 arcsec t o the southwest o f Fig. 3.12 (the 
f u r t h e s t i t i s p o s s i b l e t o go i n t h i s d i r e c t i o n before 
the g r i d - edge i n t e r v e n e s ) . 
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F i r s t comparing Fig. 3.11 w i t h F i g . 3.4: The 
maximum and minimum occur i n e x a c t l y the same places. 
However i n moving from a l i n e through the s t a r s t o one 
2 arcsec t o the northeast of i t , the value o f the 
maximum has dropped from 0.07 u n i t s t o 0.05 u n i t s . The 
value of the minimum has s i m i l a r l y dropped from 0.03 t o 
0.02 u n i t s . 

Then comparing F i g . 3.12 w i t h F i g . 3.4: The 
p o s i t i o n o f the maximum has moved about 5 arcsec closer 
t o RCrA f o r F i g . 3.12 compared t o F i g . 3.4. Also the 
values o f the maximum and minimum are 0.08 and 0.04 
u n i t s r e s p e c t i v e l y - so both have increased i n 
i n t e n s i t y i n moving 2 arcsec t o the southwest o f the 
l i n e j o i n i n g the s t a r s . I n the meantime the maximum 
corresponding t o RCrA has decreased from 0.43 t o 0.31 
u n i t s . 

F i n a l l y F i g . 3.13 i s a f u r t h e r 1.2 arcsec t o 
the southwest o f F i g . 3.12. Here the maximum 
corresponding t o RCrA has decreased t o only 0.17 u n i t s , 
w h i l e the secondary maximum has moved s t i l l c loser t o 
the s t a r , and has increased d r a m a t i c a l l y t o 0.10 u n i t s . 
The minimum has become narrower and has increased t o 
0.06 u n i t s . 

Looking at the four graphs together i t can be 
seen t h a t , as the p r o f i l e l i n e i s moved from northeast 
t o southwest, the secondary maximum g r a d u a l l y increases 
i n magnitude and moves closer t o the maximum 
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corresponding t o RCrA. At the same time the minimum 
gr a d u a l l y narrows and becomes greater i n magnitude. 
U n t i l e v e n t u a l l y the two maxima merge i n the g r i d -
edge (as they are no longer d i s t i n g u i s h a b l e i n the next 
g r i d ) . 

Two s i m i l a r graphs were obtained f o r 
percentage p o l a r i s a t i o n , 2 arcsec t o e i t h e r side of 
Line 1 (see Figs. 3.14 & 3.15), and these can be 
compared w i t h Fig 3.7. A maximum of p o l a r i s e d i n t e n s i t y 
a t the s t a r s corresponds t o a minimum of percentage 
p o l a r i s a t i o n . These graphs confirm what the p o l a r i s e d 
i n t e n s i t y graphs suggested: That i s t h a t the secondary 
minimum at 240 i n F i g . 3.7 has moved f u r t h e r away from 
RCrA i n Fi g . 3.14 (taken along a l i n e 2 arcsec t o the 
northeast o f Line 1 ) , and i s closer t o R i n Fig 3.15. 
The other main features o f F i g . 3.7 ( f o r example: the 
trend of inc r e a s i n g p o l a r i s a t i o n w i t h i n c r e a s i n g 
distance from RCrA) are common t o Figs. 3.14 & 3.15. 

Another two graphs, t h i s time o f t o t a l 
i n t e n s i t y , are reproduced i n Figs. 3.16 & 3.17 along 
the same two l i n e s as Figs. 3.14 & 3.15 r e s p e c t i v e l y . 
They show t h a t the i n t e n s i t y p r o f i l e i s not changing 
d r a m a t i c a l l y on e i t h e r side o f Line 1. However there i s 
a suggestion o f another secondary maximum, i n F i g . 
3.16, which i s only very s l i g h t , and could be due t o 
random noise i n the data. 
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In order t o a s c e r t a i n e x a c t l y how the 
p o l a r i s a t i o n angle i s varying across the nebula, a 
graph was p l o t t e d i n Fi g . 3.18 of p o l a r i s a t i o n angle 
against p o s i t i o n along Line 1. The p o s i t i o n coordinate 
i s p l o t t e d on the same scale as the previous graphs, 
and the angle coordinate i s measured a n t i - clockwise 
from the v e r t i c a l d i r e c t i o n as seen i n Fi g . 3.1. To 
convert t h i s t o p o s i t i o n angle on the sky i t i s 
necessary t o add 125 . 

For much o f Fi g . 3.18 the graph i s around 90°. 
This i s what would be expected f o r a simple 

r e f l e c t i o n nebula. However, f o r such a simple 
r e f l e c t i o n nebula, the s t a r s would appear as very 
narrow minima, only a few arcsec across. What Fi g . 3.18 
shows i s t h a t the st a r s are marked by broad minima -
nearl y 40 arcsec wide i n the case o f RCrA. 

What i s also o f i n t e r e s t i s t h a t the p o s i t i o n 
where the graph deviates from the expected l i n e i s 
around p o s i t i o n 210 - the same place as the d e v i a t i o n 
from expected r e s u l t s occurs i n both percentage 
p o l a r i s a t i o n and p o l a r i s e d i n t e n s i t y . 

Figs. 3.19 & 3.20 show the angle v a r i a t i o n s 
along l i n e s 2 arcsec t o northeast and southwest o f Line 
1 r e s p e c t i v e l y . They show t h a t the broad minima do not 
change much from F i g . 3.18. 
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Fig . 3.19 describes a gradual decrease of 
angle towards RCrA throughout the p o r t i o n o f the graph 
which i s around 90 . F i g . 3.20 describes a gradual 
increase towards RCrA. This i s as expected from a 
r e f l e c t i o n nebula. 

Taking an overview o f a l l of the graphs, i t 
can be seen t h a t i n the v i c i n i t y o f RCrA, and p o s s i b l y 
also i n the immediate v i c i n i t y o f TCrA, there i s some 
mechanism which i s a f f e c t i n g the r e s u l t s t o make them 
somewhat d i f f e r e n t from what would be expected from a 
simple r e f l e c t i o n nebula. Just e x a c t l y what t h i s 
mechanism i s , w i l l be discussed i n the next chapter. 

3.3 Isophotal Maps 
During the r e d u c t i o n process images o f t o t a l 

i n t e n s i t y v a r i a t i o n s are produced. In t h i s s e c t i o n 
i s o p h o t a l contour maps w i l l be presented o f the region 
under examination. 

Fi g . 3.21 shows an i n t e n s i t y contour map o f 
the whole o f the NGC6729 cloud. The p o s i t i o n s o f the 
st a r s are marked f o r reference. Several i n t e r e s t i n g 
features can be seen: F i r s t l y , the i n t e n s i t y drops w i t h 
i n c r e a s i n g distance from RCrA, w i t h the exception of 
the immediate v i c i n i t y o f TCrA. Secondly, the st a r s 
themselves show up as maxima. T h i r d l y , and p o s s i b l y o f 
most i n t e r e s t , n e i t h e r s t a r e x h i b i t s a c i r c u l a r image -
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both are s l i g h t l y extended i n a roughly s o u t h e a s t e r l y 
d i r e c t i o n . 

For comparison, F i g . 3.22 i s an is o p h o t a l 
contour map o f an image taken w i t h the McMullan 
Electronographic Camera (see Warren - Smith, 1979), but 
wit h o u t using the Polarimeter. This image was taken i n 
1982 on the SAAO 1.9m telescope, as mentioned e a r l i e r . 

Again the n o n - c i r c u l a r s t e l l a r images are 
apparent, r u l i n g out the p o s s i b i l i t y o f bad data being 
the cause o f the extended images, and i n f a c t the two 
maps are remarkably s i m i l a r , despite being taken at 
s l i g h t l y d i f f e r e n t wavelengths. However no p o l a r i m e t r i c 
data was obtained i n t h i s waveband, so no comment can 
be made about wavelength dependance o f p o l a r i s a t i o n . 

Figs. 3.23 and 3.24 show the regions i n the 
immediate regions around R and T CrA r e s p e c t i v e l y . The 
st a r s are i n the centre o f the b r i g h t e s t contour i n 
each case. 

Looking f i r s t a t RCrA ( F i g . 3.23), i t can be 
seen t h a t the b r i g h t e s t contour i s c i r c u l a r , and t h a t 
subsequent contours are extended towards the southeast 
i n a s o r t o f " j e t " which i s i n i t i a l l y s t r a i g h t , but 
begins t o curve s l i g h t l y towards the east a t a distance 
of some 16 - 20 arcsec from the s t a r (roughly 0.01pc). 
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Now loo k i n g a t TCrA ( F i g . 3.24), i t can again 
be seen t h a t the b r i g h t e s t contours are c i r c u l a r , and 
t h a t a t lower i n t e n s i t y l e v e l s the image i s extended 
towards the southeast. So t h i s " j e t " i s less b r i g h t , 
and remains s t r a i g h t as f a r as the lowest contour 
l e v e l s which can be picked out from the background 
'noise', some 15 arcsec from the s t a r (again 0.01pc). 

In order t o c o r r e l a t e the discovery o f these 
j e t - l i k e protuberances w i t h the r e s u l t s o f the previous 
s e c t i o n , the contour maps o f the st a r s were superposed 
on p o l a r i s a t i o n maps o f the same regions (see Figs. 
3 . 25 and 3.26 ) . 

Looking at these l a t t e r maps reveals t h a t i n 
both cases the " j e t s " have p o l a r i s a t i o n s which would be 
expected from simple r e f l e c t i o n o b j e c t s . This leads t o 
the conclusion t h a t both are seen predominantly i n 
r e f l e c t e d s t a r l i g h t r a t h e r than i n ex c i t e d emission. 

However the author has had access t o spectra 
of the s t a r and the j e t separately and the two are 
d i f f e r e n t . The spectrum of the j e t contains several 
l i n e s which do not appear i n the spectrum of the s t a r . 
These l i n e s are predominantly F e l l l i n e s , suggesting 
some shock e x c i t a t i o n . So the inference i s t h a t the 
j e t s are mainly r e f l e c t i o n o b j e c t s , but shock 
e x c i t a t i o n i s oc c u r r i n g i n them. 
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Further analysis shows t h a t the p o l a r i s a t i o n 
and o r i e n t a t i o n o f the two p o l a r i s e d "bands" - although 
they are p a r a l l e l t o one another - are n e i t h e r p a r a l l e l 
t o , nor perpendicular t o , the " j e t s " - which i n t h e i r 
t u r n are p a r a l l e l t o each other. 

To demonstrate t h i s more c l e a r l y , Table 3.3 
shows the " j e t " d i r e c t i o n and the angle o f p o l a r i s a t i o n 
of each s t a r (which, i n each case, i s p a r a l l e l t o the 
long axis o f the band o f p o l a r i s a t i o n across the s t a r ) . 

" "STA^R. J E T S T * R DIFFESEMCfc 
CD\£-EC_T\oH P o L A R t S N T i o W 

~ KMC, LEL 

C°) (a) (&) 
± 5 ± 0 , 5 ±b.b 

R C . r A 1 3 0 ] Q $ 5 9 
T X : C r A 1 3 3 1 9 8 6 6 

7Tc ib l .<£. 3 .3 . C o m p a r i s o n o f d i r e c t i o n a o c ) 

s V a r po\ac i saV"i o o 

The r e s u l t s are s t r i k i n g l y s i m i l a r . I n both 
cases the angle between the s t a r p o l a r i s a t i o n angle and 
the " j e t " i s around 60 . A discussion o f what t h i s 
could mean i n physical terms i s l e f t t o the next 
chapter. 
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CHAPTER 4 
DISCUSSION OF THE DATA 

4.1 Geometry o f the Cloud 
In t h i s chapter an attempt w i l l be made t o 

expl a i n the r e s u l t s o f the previous chapter and t o 
propose a geometry f o r the dark cloud. Also, a theory 
w i l l be put forward t o account f o r the unexpected 
features o f the graphs mentioned e a r l i e r . 

To begin w i t h , the o v e r a l l p o l a r i s a t i o n map 
(F i g . 3.1) of the dark cloud NGC 6729 shows a 
predominantly centro - symmetric p a t t e r n around RCrA. 
This can be explained by suggesting t h a t RCrA i s the 
main i l l u m i n a t i n g source o f the cloud, and t h a t the 
p o l a r i s a t i o n observed i s caused by simple l i g h t 
s c a t t e r i n g from dust g r a i n s . The plane o f p o l a r i s a t i o n 
would then be perpendicular t o the plane o f incidence 
i n each case and the expected p a t t e r n would be one 
which was centro - symmetric about the i l l u m i n a t i n g 
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source - i n t h i s case RCrA. This merely confirms what 
was already suggested by other authors. 

However, what was not already known was the 
p a r t which TCrA plays i n the i l l u m i n a t i o n o f the 
nebula. I t would be expected t h a t any p a r t which was 
i l l u m i n a t e d by T would e x h i b i t a centro - symmetric 
p a t t e r n about t h a t s t a r . I n f a c t the region t o the west 
o f TCrA (marked A i n Fi g . 3.1) shows e x a c t l y t h i s 
c h a r a c t e r i s t i c , t o a distance o f some 45 arcsec from 
the s t a r (roughly 0.03pc). 

In order t o e x p l a i n t h i s i n terms o f the 
geometry o f the cloud, i t appears t h a t there are two 
a l t e r n a t i v e s : 

E i t h e r t h a t TCrA i s s l i g h t l y foreground t o 
the cloud, and so i s the clump o f matter due west o f 
i t , hence t h a t i s the only p o r t i o n which i s i l l u m i n a t e d 
by i t . 

Or t h a t TCrA i s s l i g h t l y more d i s t a n t , and 
the m a j o r i t y o f the cloud i s i l l u m i n a t e d by the nearer 
RCrA, except f o r an area t o the west o f TCrA where a 
pa u c i t y o f foreground matter allows the more d i s t a n t 
m a t e r i a l , i l l u m i n a t e d by T, t o be seen. 

A d e c i s i o n between the two a l t e r n a t i v e 
geometries w i l l be l e f t u n t i l a f t e r f u r t h e r discussion 
of the data has taken place. 
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4.2 The Bands o f P o l a r i s a t i o n 
Several features of the l a s t chapter r e q u i r e 

an explanation- I t i s proposed t h a t many o f those 
features have a common cause. They are: 

a) A uniform band o f p o l a r i s a t i o n i s seen 
s t r e t c h i n g across RCrA, whose long axis appears t o be 
p a r a l l e l t o the p o l a r i s a t i o n o f the s t a r , and whose 
width appears t o extend t o nearly 20 arcsec from the 
sta r . 

b) The graph o f p o l a r i s e d i n t e n s i t y versus 
p o s i t i o n i n the nebula ( F i g . 3.4) shows an unexpected 
minimum i n the 'wing' of the s t e l l a r maximum, whose 
e f f e c t extends t o some 20 arcsec from the s t a r . 

c) The graph o f percentage p o l a r i s a t i o n 
versus p o s i t i o n ( F i g . 3.7) shows an unexpected drop, 
f o l l w e d by a set o f values lower than expected, i n the 
same region again. 

d) The graph of i n t e n s i t y versus p o s i t i o n 
( F i g . 3.8) shows a set o f values i n t h i s region which 
are s l i g h t l y lower than could be expected, although the 
minimum i s not as marked as i n the other graphs. 

e) The graph o f p o l a r i s a t i o n angle versus 
p o s i t i o n (Fig.3.18) shows a gradual decrease towards 
the s t a r across the same region, r a t h e r than the 
narrower, deeper minimum which would be expected from a 
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simple r e f l e c t i o n n e b u l o s i t y . 
f ) A s i m i l a r band o f p o l a r i s a t i o n can be 

observed across TCrA (see F i g . 3.1), but, because o f 
the lower l i g h t i n t e n s i t y l e v e l s , and lower s i g n a l - t o 
- noise r a t i o around T, the equ i v a l e n t features i n the 
graphs cannot be seen. 

Whenever a sudden drop i n p o l a r i s a t i o n , 
accompanied by a change i n the p o l a r i s a t i o n angle, 
occurs, then the probable explanation i s t h a t two 
competing p o l a r i s a t i o n mechanisms are t a k i n g place. 

In t h i s case i t i s bel i e v e d t h a t the two 
competing mechanisms are p o l a r i s a t i o n by simple 
s c a t t e r i n g , and p o l a r i s a t i o n by passage through a 
region of nonspherical aligned p a r t i c l e s . The two 
mechanisms dominate i n d i f f e r e n t p a r t s o f the cloud, 
and, where the t r a n s i t i o n from one t o the other occurs, 
there i s a change i n the degree and d i r e c t i o n o f the 
observed p o l a r i s a t i o n . 

Where the cloud i s o p t i c a l l y t h i n ( t h a t i s : 
l i g h t reaching the e a r t h , v i a a s i n g l e s c a t t e r i n g event 
predominates), then the r e f l e c t i o n p o l a r i s i n g mechanism 
dominates. Where the cloud i s o p t i c a l l y t h i c k ( m u l t i p l e 
s c a t t e r i n g o f l i g h t i s predominant), then the mechanism 
of aligned grains dominates. 
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The conclusion i s t h e r e f o r e reached t h a t the 
cloud i s made up of nonspherical grains aligned by a 
magnetic f i e l d which permeates the e n t i r e cloud. 
However, as mentioned i n chapter 2 ( s e c t i o n 2.2), the 
survey c a r r i e d out by Vrba, Strom & Strom (1976b) 
showed t h a t the weighted mean p o l a r i s a t i o n o f three 
s t a r s i n very close angular p r o x i m i t y t o R and T CrA 
was very small indeed. Hence any magnetic f i e l d which 
i s a l i g n i n g grains i n the NGC 6729 region must be very 
l o c a l i s e d . 

Furthermore, the shape o f the region deemed 
t o be ' o p t i c a l l y t h i c k ' , as defined e a r l i e r , appears t o 
be e l l i p s o i d a l i n the case of both s t a r s , w i t h the long 
axis o f the e l l i p s e p a r a l l e l t o the p o l a r i s a t i o n of 
each s t a r . 

These f a c t s , a l l taken together, lead t o the 
conclusion t h a t the o p t i c a l l y t h i c k region around RCrA 
i s , i n f a c t , a c i r c u m s t e l l a r d i s k more than 0.01 parsec 
i n diameter, but p o s s i b l y considerably g r e a t e r . (The 
exact diameter i s d i f f i c u l t t o determine, because the 
long axis o f the e l l i p s e terminates i n a n u l l p o i n t , 
beyond which s c a t t e r i n g takes over as the p o l a r i s i n g 
mechanism, but t h i s need not mark the edge o f the d i s k 
- i t merely marks the p o s i t i o n where i t becomes 
o p t i c a l l y t h i n ) . The w i d t h o f the disk appears t o be 
around 0.01 parsec, but i s probably a l o t less since 
the d i s k i s u n l i k e l y t o be seen e x a c t l y edge - on. 
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The author also concludes, on the st r e n g t h o f 
the s i m i l a r i t y o f the two s t e l l a r regions o f the 
p o l a r i s a t i o n map, t h a t there i s a s i m i l a r d i s k around 
TCrA, which does not show up as n o t i c e a b l y i n the 
graphs due t o the lesser brightness o f the l a t t e r s t a r . 

4.3 The Jets 
The next unexplained r e s u l t s , which were 

mentioned i n the l a s t chapter, are the j e t - l i k e 
protuberances from the s t a r s , which show up i n the 
is o p h o t a l contour maps. I t i s proposed t h a t these are 
massive outflows o f matter from the s t a r s . Furthermore, 
because o f the f a c t t h a t the j e t s are s t r a i g h t t o a 
distance o f some 16 arcsec (roughly 0.01 pc at a 
distance o f 129pc), and because the two j e t s are 
p a r a l l e l , i t i s proposed t h a t they are outflows along 
the axes o f r o t a t i o n o f the s t a r s . This i s f u r t h e r 
strengthened by the observation t h a t the j e t s remained 
f i x e d i n d i r e c t i o n between 1980 & 1982. I t i s d i f f i c u l t 
t o envisage a young s t a r having zero r o t a t i o n . So one 
i s lead t o the conclusion t h a t the s t a r s have p a r a l l e l 
axes o f r o t a t i o n . 

Whether each j e t forms h a l f o f a b i p o l a r 
o u t f l o w i s a matter f o r conjecture. I t i s possible t h a t 
only h a l f o f each b i p o l a r flow i s v i s i b l e because i t 
j u s t happens t o be angled p a r t l y along the l i n e o f 
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s i g h t towards the e a r t h , and hence out o f the cloud. No 
sign of a counter - j e t was observed f o r e i t h e r s t a r , 
which could mean t h a t these are not b i p o l a r flows, or 
i t could mean t h a t the counter - j e t s are angled deep 
i n t o the cloud, and are h e a v i l y obscured. 

As mentioned e a r l i e r , the j e t s are seen 
predominantly as r e f l e c t i o n o b j e c t s , as shown by the 
p o l a r i s a t i o n maps, but are also observed i n stimulated 
emission. However the most i n t e r e s t i n g r e s u l t o f t h i s 
study i s t h a t the j e t s are i n c l i n e d at an angle of 60° 
t o the p o l a r i s a t i o n angle o f t h e i r r e s p e c t i v e s t a r s . I t 
has already been mentioned t h a t the p o l a r i s a t i o n angle 
of each s t a r i s p a r a l l e l t o i t s own c i r c u m s t e l l a r d i s k . 
I f t h a t i s i n f a c t the case then these are two 
instances o f a s t a r w i t h a j e t f l o w i n g out along i t s 
axis o f r o t a t i o n and a c i r c u m s t e l l a r d i s k which i s not 
e q u a t o r i a l . 

I t could be t h a t the angle seen between j e t 
and d i s k i s not t h e i r t r u e angle because o f some 
geometrical e f f e c t . However no o r i e n t a t i o n o f what i s 
observed could allow the dis k t o be perpendicular t o 
the j e t . 

Recent papers suggesting mechanisms f o r 
c o l l i m a t i n g b i p o l a r outflows a l l c a l l upon d e n s i t y 
gradients i n the ambient medium t o operate t h a t 
mechanism (see, f o r instance, Konigl 1982). A de Laval 
nozzle occurs a t the p o i n t where the flow becomes 
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supersonic, and the matter breaks out i n a c o l l i m a t e d 
j e t . 

This i s c l e a r l y not oc c u r r i n g i n t h i s case, 
or the j e t would emerge perpendicular t o the d i s k , 
because o f the inherent pressure and d e n s i t y g r a d i e n t s . 
Hence some other mechanism must be responsible f o r 
c o l l i m a t i n g the flows. Furthermore the flo w must be 
co l l i m a t e d at a distance o f 0.001pc, or l e s s , from the 
s t a r , since t h i s i s as close as the flow can be seen t o 
be c o l l i m a t e d . 

A paper by Mundt and Fried (1983) gave cases 
of j e t - l i k e outflows from T Tauri s t a r s (DG Tau, HL 
Tau, HH30 & DG Tau B), which look very s i m i l a r i n 
appearance t o those shown here f o r R and T CrA. In t h a t 
paper the authors quote c o l l i m a t i o n lengths o f close r 

15 

than 3 x 10 cm (0.001pc) from the r e s p e c t i v e s t a r s . 
They also quote spectroscopic r e s u l t s from which they 
conclude t h a t the j e t s are emission - l i n e o b j e c t s , 
which are shock - e x c i t e d . As mentioned e a r l i e r the j e t 
from RCrA also shows a spectrum which i n d i c a t e s some 
ki n d of shock e x c i t a t i o n , although the degree o f 
p o l a r i s a t i o n of the j e t s show t h a t r e f l e c t e d s t a r l i g h t 
i s the main i l l u m i n a t i o n mechanism. 

The most s t r i k i n g d i f f e r e n c e between the j e t s 
reported by Mundt & Fried and the j e t s reported w i t h i n 
t h i s t h e s i s l i e s i n the p o l a r i s a t i o n r e s u l t s quoted by 
the l a t t e r authors: I n each instance f o r which they had 
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p o l a r i s a t i o n data they found a d i f f e r e n c e between the 
p o l a r i s a t i o n angle and the p o s i t i o n angle o f the j e t o f 
roughly 90 . This they i n t e r p r e t e d as meaning t h a t each 
s t a r has a c i r c u m s t e l l a r d i s k whose o r i e n t a t i o n i s 
p a r a l l e l t o the p o l a r i s a t i o n o f the s t a r . There i s j u s t 
one possible flaw i n t h i s argument: The aperture size 
used f o r the p o l a r i s a t i o n measurement i n each case was 
la r g e enough t o include both the s t a r and the j e t . 
Hence the p o l a r i s a t i o n measured w i l l be the sum of the 
s t e l l a r p o l a r i s a t i o n and the p o l a r i s a t i o n o f the j e t -
the l a t t e r i s then bound t o be perpendicular t o the 
p o s i t i o n angle o f the j e t i f i t i s seen i n r e f l e c t e d 
s t a r l i g h t . 

I t i s nonetheless easier t o account f o r 
c o l l i m a t i o n on the scales observed i f the c o l l i m a t i n g 
process i s a c i r c u m s t e l l a r d i s k , w i t h two outflows i n 
opposite d i r e c t i o n s perpendicular t o t h a t d i s k . This 
could however be a gross over - s i m p l i f i c a t i o n o f r e a l 
s i t u a t i o n s . 

I f , on the other hand, the dis k o f each s t a r 
i s c o l l i m a t i n g a b i p o l a r o u t f l o w perpendicular t o t h a t 
d i s k , then i t i s pos s i b l e t h a t the c o l l i m a t i o n process 
occurs a t distances o f less than 0.0001pc from the 
s t e l l a r surface. Then an i n t e r s t e l l a r magnetic f i e l d 
across the whole o f NGC 6729 bends the ionised outflows 
on scales o f less than 0.001pc (the smallest 
d i s c e r n i b l e c o l l i m a t i o n distance) so t h a t subsequently 
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they f l o w p a r a l l e l t o one another and t o the 
i n t e r s t e l l a r magnetic f i e l d . 

Further s i m i l a r j e t s are reported i n a paper 
by Mundt et.al.(1984, unpublished) apparently from 
s i m i l a r T Tau r i o b j e c t s , t a k i n g the t o t a l observed by 
the l a t t e r authors t o around a dozen. Another paper 
(Cohen 1984, unpublished) gives evidence f o r disks 
around each o f HL Tau and DG Tau which are 
perpendicular t o the j e t s reported by Mundt & Fried 
(1983). This appears t o lend f u r t h e r weight t o the 
process o f c o l l i m a t i o n o f j e t s by c i r c u m s t e l l a r d i s k s . 

I t appears t o be impossible t o s t a t e 
c o n c l u s i v e l y how the j e t s are c o l l i m a t e d , or even the 
exact d r i v i n g mechanism of the j e t s - although some 
form of ' s t e l l a r wind 1 i s probably the cause. 

Outflows appear now t o be a common feat u r e 
among T Taur i s t a r s , although f u r t h e r research must be 
undertaken before t h e i r exact nature and composition i s 
ascertained. However, one f i n a l theory t o account f o r 
the observations h e r e i n w i l l be put forward i n c l o s i n g . 
I t i s the f o l l o w i n g : 

In a dark cloud i n which s t a r formation i s 
about t o occur there are two important vector 
q u a n t i t i e s - the magnetic f i e l d , B, and the angular 
momentum, L. I t i s h i g h l y u n l i k e l y t h a t these two 
vectors w i l l be p a r a l l e l . I f they are not p a r a l l e l then 
i t can be seen t h a t as the cloud collapses i n one p a r t 
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t o form a s t a r , then the c o l l a p s i n g spinning matter 
w i l l drag the magnetic f i e l d l i n e s w i t h i t , a t the same 
time as being retarded by t h a t f i e l d . However once the 
s t a r has formed, the less dense matter which remained 
i n the c i r c u m s t e l l a r d i s k w i l l continue t o be 
influen c e d by the magnetic f i e l d , p o s s i b l y t o a greater 
extent than the more dense s t e l l a r m a t e r i a l . Hence, i f 
the d i s k were e q u a t o r i a l t o the s t a r upon formation, i t 
could subsequently be p u l l e d out o f alignment by the 
f i e l d . 

I n t h i s theory the c o l l i m a t i o n o f a j e t would 
be p u r e l y s t e l l a r i n o r i g i n (probably the s t a r ' s 
magnetic f i e l d ) , and would be ejected along the pole(s) 
regardless o f di s k o r i e n t a t i o n . 

As was said before, t h i s l a t t e r i s pure 
conjecture t o e x p l a i n the observations, although the 
a l t e r n a t i v e hypothesis mentioned e a r l i e r , o f very small 
- scale c o l l i m a t i o n by the d i s k , followed by s l i g h t l y 
less small - scale p e r t u r b a t i o n o f the j e t by the 
i n t e r s t e l l a r f i e l d , a lso explains the observations, and 
i s e q u a l l y probable. What can be said w i t h a h i g h 
degree o f confidence, due t o the great s i m i l a r i t y o f 
the two s t e l l a r s i t u a t i o n s , i s t h a t the same mechanisms 
are causing the observed e f f e c t s i n both s t a r s . 
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F i n a l l y , r e t u r n i n g t o the problem o f geometry 
mentioned e a r l i e r : Of the two a l t e r n a t i v e s put forward, 
i t appears t h a t the more l i k e l y geometry i s t h a t RCrA 
i s s l i g h t l y nearer t o the ea r t h than TCrA. Hence the 
j e t emanating from R i s obscuring the background 
m a t e r i a l i l l u m i n a t e d by T. Then the only place where 
matter seen by r e f l e c t e d l i g h t from T i s t o the west o f 
the l a t t e r s t a r , where the j e t from R does not extend. 
This also accounts f o r the f a c t t h a t RCrA i s the 
b r i g h t e r o f the two. 
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CHAPTER 5 
CONCLUSIONS 

I t i s concluded t h a t R and T CrA are s i m i l a r 
T Tauri s t a r s , which are both associated w i t h the 
r e f l e c t i o n n e b u l o s i t y known as NGC 6729. P o l a r i s a t i o n 
r e s u l t s were presented i n various forms f o r the whole 
of the nebula. 

I t was judged t h a t RCrA i s the main 
i l l u m i n a t i n g source o f the r e f l e c t i o n nebula NGC 6729. 
TCrA i s s l i g h t l y background t o the nebula and hence i s 
only observed t o i l l u m i n a t e a small p a r t of the cloud 
due west o f i t s e l f . 

I t was also deduced t h a t both s t a r s have 
c i r c u m s t e l l a r disks a t l e a s t 0.01pc i n diameter, and 
pos s i b l y considerably g r e a t e r . The thickness o f these 
disks could be up t o 0.01pc, but i s probably much less 
than t h i s , as they are u n l i k e l y t o be seen e x a c t l y 
edge-on. 
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I t was f u r t h e r surmised t h a t both s t a r s have 
' j e t s ' emanating from them, which were i n t e r p r e t e d as 
massive outflows o f matter, very s i m i l a r t o those 
reported by other observers. These j e t s are c o l l i m a t e d 
w i t h i n 0.001pc of t h e i r s t a r , and remain s t r a i g h t t o 
0.01pc from the s t a r - extending considerably f u r t h e r 
i n the case o f RCrA. The j e t s were also found t o be 
predominantly r e f l e c t i o n o b j e c t s , but w i t h some 
i n d i c a t i o n s o f shock e x c i t a t i o n . 

The d i f f e r e n c e between the j e t s reported 
here, and those reported elsewhere i s t h a t those 
reported here are not perpendicular t o t h e i r r e s p e c t i v e 
c i r c u m s t e l l a r d i s k s . Two a l t e r n a t i v e hypotheses were 
put forward t o account f o r t h i s r e s u l t : 

E i t h e r the j e t s are a c t u a l l y c o l l i m a t e d by 
the disks a t a distance from the s t a r much less than 
can be seen i n these observations ( c l o s e r than 0.0001pc 
to the s t e l l a r surface) and are perpendicular t o the 
disks i n t h i s r e g i o n . Then an i n t e r s t e l l a r magnetic 
f i e l d curves both j e t s t o be p a r a l l e l t o i t s e l f and t o 
each other i n a region c l o s e r than 0.001pc t o the s t a r , 
so they are both seen t o be p a r a l l e l t o each other and 
not perpendicular t o t h e i r r e s p e c t i v e d i s k s . 

Or when the formation of the two s t a r s was 
ta k i n g place the cloud from which they condensed had a 
t o t a l angular momentum vector which was not p a r a l l e l t o 
the la r g e scale magnetic f i e l d threading the whole 
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cloud. Thus a f t e r the s t a r s had formed w i t h p a r a l l e l 
angular momenta t h e i r c i r c u m s t e l l a r disks continued t o 
be a f f e c t e d by the f i e l d and were dragged out o f 
alignment by t h a t f i e l d , and so ceased t o be e q u a t o r i a l 
t o t h e i r parent s t a r s . I n t h i s hypothesis the j e t 
c o l l i m a t i o n mechanism i s pu r e l y s t e l l a r i n o r i g i n . 
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