
RO
YA

L 
AS

TR
ON

OM
IC

AL 
SOC

IE
TY

, 
252

 
CO

LL
EG

E 
ST

., 
TO

RO
NT

O,
 

ON
TA

RI
O

.

TO

HA
LIF

AX
 

CE
NT

RE
 

R.
A.

S.
C.

 
174

7 
SU

MM
ER

 
ST

. 
HA

LIF
AX

, 
N.

S.

FR
O

M





N O T  I C E of  M E E T I  N G

HA L IFAX CENTRE

D a t e : 

P l a c e :

T i me : 

Topic:

R . A . S . C .

A p r i l  2 6 t h , 1974
(Note ;  T h is  i s  t h e  4 t h  F r i d a y ! ).

Room 101
Si r  J a mes  Dunn S c i e n c e  B u i l d i n g  
Dal h o u s i e  U n i v e r s i t y  
H a l i f a x ,  N.S.

8 : 00 PM Sh a r p !

" E a r ly  Days a t  t h e  David Dunlap 
O b se rv a t o r y "

S p e a k e r :  D r . R . M. Cu n n i n g h a m
V i c t o r i a  General  H o s p i t a l ,  
and Dal hou s i e  U n i v e r s i t y

A N D

T o p ic :  " D a t in g  th e  Ea r l y  S o l a r  System"

S p e a k e r : D r . P .H. R eyno lds
Department  o f  Phys i c s 
D a lh o u s ie  U n i v e r s i t y

PLEASE NOTE: t h e  change in  DATE and PLACE ! 

Al l  members and g u e s t s  a r e  most welcome !

Nova Notes  a r e  p r i n t e d , t h a n k s  t o  t h e  goodwi l l  o f  t h e  

Nova Scoti a  Museum.



Edi t o r ' s  Page

I ’ve  now g o t  22 P o s t a l  Code Cards b a c k ,b u t  t h e r e  a r e  s t i l l  

a n o t h e r  60 o r  so  t o  come.  Where a r e  th ey?  Would i t  h e l p  I f  I  make 

a d e a d l i n e  f o r  you? How ab ou t  t h e  May M e e t i n g ? . . .

Have you heard th e  t r o u b l e  t h a t  t h e  P o s t a l  w orkers  a r e  h a v in g  

o ver  t h e s e  new c o d e s ?  A p p ea re n t ly  t h e y  f e a r  l a y o f f s  b e c a u s e  o f  th e  

a u t o m a t io n .  In T o r o n t o , I  u n d e r s t a n d , t h e y  b o y c o t t e d  any " P o s t a l  Coded" 

p a r c e l s .  For t h i s  r ea s o n  I w i l l  be d e l a y i n g  t h e  r e q u e s t  f o r  our new 

a d d r e s so g r a p h  p l a t e s .

How a b ou t  some a r t i c l e s  f o r  n e x t  month? At th e  March M eet in g  

Dr. B ishop ,down from A v o n p o r t , t o l d  us  about  an O c c u l t a t i o n  o f  

Saturn on March 2n d . Mary King s e n t  us a l l  t h e  p a r t i c u l a r s  on th e  

O c c u l t a t i o n , b u t  u n f o r t u n a t e l y , I o n l y  r e c i e v e d  i t  a f t e r  t h e  o c c u l t a t i on .  

The BIG t h i n g  about  t h i s  o c c u l t a t i o n  i s  t h a t  t h e  so u th e r n  l i m i t  

was around Tru ro .  Dr. B is h o p  was a lm o s t  30 m i l e s  s o u t h  o f  t h a t , a n d  

i t  a p p e a r s , f r o m  p h o t o s , t h a t  o u t  in  B e d f o r d ,S a t u r n  was o c c u l t e d , some 

60 m i l e s  s o u th  o f  t h e  s o u t h e r n  l i m i t ! !  I u r g e n t l y  r e q u e s t , b y  or  

b e f o r e  t h e  A p r .26th M e e t in g ,a n y  o b s e r v a t i o n a l  data o f  t h i s  e v e n t ! I 

have r e c i e v e d  r e q u e s t s  f o r  such  i n f o r m a t i o n  by v a r i o u s  i n t e r e s t e d  

members. I n v a r i a b l e l y , t h e  s o u r c e s  t h e y  wanted were Mary K ing,  Roy B i s h o p ,  

and t h e  F r . Bu r k e - Ga f f n e y  O b s e r v a t o r y .  I have r e c i e v e d  some i n f o  from 

Dr. B.ishop, but I would a p p r e c i a t e  r e c e i v i n g  M is s .  K in g ' s  and SMU's 

comments on t h i s  m a t te r  f o r  p r i n t i n g  n e x t  m o n t h . . . .

B ec a use  o f  e x a m i n a t i o n s , "Featured C o n s t e l l a t i o n  o f  t h e  Month" 

w i l l  n o t  ap p ear  in  t h i s  i s s u e , ( t o o  b a d ! ) .  Look f o r  i t s  r e t u r n  n e x t  

m o n th . . . ."CHEER! !  Hurrah! Oh G oodie!"

P e ter  Edwards 
The Ed i t o r



Minutes  o f  th e  March M ee t in g

HI! I t ' s  your f a v o r i t e  E d i t o r , s i t t i n g  i n f o r  W.Z. t h i s  month!

Dr. David DuPuy,as V .P ,  opened th e  March M eet in g  o f  th e  H a l i f a x  

C e n t r e ,R . A . S . C . . He c a l l e d  f o r  any a n n o u n ce m e n ts , a t  which t im e  your  

E d i t o r  ( y o u r ' s  t r u l y )  e x p l a i n e d  why t h o s e  p i c t u r e s  from l a s t  month 

were n o t  y e t  a v a i l i b l e .  The d e l a y  was t h e  d i f f i c u l t y  in p r i n t i n g  o n e ,  

and t h e  i m p o s s i b i l i t y  o f  p r i n t i n g  t h e  o t h e r !

Mr. R a n d a l l  Brooks was asked a b ou t  t h e  J u n i o r  Astronomy Club's

p r o s p e r i t y .  He r e p l i e d  t h a t  a r e p o r t  would soon ap p ear  in  Nova N o t e s , but  

any h e l p  by way o f  p e r s o n a l  a s s i s t a n c e  ,or s u g g e s t i o n s , w o u l d  c e r t a i n l y  

be welcomed.

Now,what was t h i s  m y s t e r i o u s  t o p i c , " F u n  w i t h  Astronomy" a l l  about?  

Dr. DuPuy b rou gh t  one o f  h i s  as tronom y l a b s  up t o  th e  m e e t i n g .  The la b  

d e a l t  w i th  s t e l l a r  c l a s s i f i c a t i o n .  D on 't  l e t  t h a t  s c a r e  y o u , i t  was more 

fun than an a v e r a g e  n i g h t  a t  t h e  t e l e s c o p e !  We were each  g i v e n  a lab  

s h e e t , o n  which was a p h oto  o f  a s t a r  f i e l d  ta k en  w i t h  a f u l l  o b j e c t i v e  

p r ism .  The r e s u l t  was a page f u l l  o f  s t e l l a r  s p e c t r a .  On a n o t h e r  page  

was t h e  s p e c t r a  o f  each  c l a s s i f i c a t i o n  o f  s t e l l a r  s p e c t r a .  We a l l  g o t  

i n t o  groups o f  5 or6 t o  compare th e  spectrum  o f  p a r t i c u l a r  s t a r s .  P o i n t s  

were awarded in d e c e n d in g  v a l u e  w i th  dec-ending a c c u r a c y .  The h i g h e s t  

p o i n t s  were 27 and the  l o w e s t  (my group)was  20 p o i n t s .  A p a r ty  a tm osphere  

p r e v a i l e d  and e v e r y o n e  marveled  a t  how fun astronom y c o u ld  b e !

F o l l o w i n g  t h i s , R o y  B ish o p  a d d r e s s e d  th e  group  o f  3 0  + , t e l l i n g  us

o f  Comet B r a d f i e l d  , 1 9 7 4b .  T h is  c o m et ,  in  th e  e v e n i n g  sky i s  e v e r y  b i t  a s

good a s  Kohou t e k , in  mid t o  l a t e  J a n . ' 74!  D r .B i shop a l s o  r e p o r t e d  on th e  

Occ u l t a t i o n  o f  S a t u r n , some 30 m i l e s  s o u t h  o f  t h e  s o u th e r n  l i m i t .

Sherman W i l l i a m s , t h e n , d e s c r i b e d  a v er y  c o l o r f u l  s l i d e  show o f  h i s ,  

taken o v e r  th e  l a s t  few y e a r s .

Refreshments were served ;and the  m eet ing  a djourned a t  10:30 P.M.
P.E.
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PRESENT I DEAS ON BETA LYRAE Par t  3 R. C. Br o o k s

Fig. 4 found i n  Par t  2 showed l i ght  c u r v e s  o f  β  L y ra e  o b t a i n e d  by t h e  OAO

s p a c e c r a f t . Wilson s u gg e s t e d  t h a t  a gas  or d ust c lo u d  s u r r o u n d i n g t h e  s e c o n d a r y

wh i c h  s e l e c t i v e l y  a b s o r b s  o r  s c a t t e r s  p h o t o n s  a t  t h e  l o n ge r  wa v e l e n g t h s  y e t  t r a n s —

m i t s  t h e  p h o t o n s  a t  1 3 80 Å, and  1500 Å, would e x p l a i n  t h e  c u r v e s ,  A c l o u d  w i th

such p r o p e r t i e s  i s  p u r e l y  s p e c u l a t i v e  how ever .  O th e r  e x p l a n a t i o n s  c o u ld  be 2 ) I f

a. small  a r e a  o f  t h e  s e c o n d a r y  ( o r  c i r c u m s t e l l a r  gas  c lo u d  ab o u t  t h e  s e c o n d a r y ) i s  

h e a t e d  t o  105  -  106 K, t h e n  t h e  e f f e c t  o f  t h e  ec l ipse o f  t h i s  a r e a  becomes more pr o

nounced i n  t h e  f a r  u l t r a v i o l e t  y e t  b e c a u s e  i t  c o n t r i b u t e s  a s m a l l  f r a c t i o n  o f  th e  

l ig h t  a t  l o n ge r  wa v e l e n g t h s  compared to  t h e  t o t a l  l i g h t  o f  t h e  s y s t e m , i t s  e f f e c t  

on t h e  e c l i p s e dep t h s  i s  i n s i g n i f i c a n t . 3) Li n e  b l a n k e t i n g e f f e c t s  can  l e a d  to  

chang e s  i n  t h e  u l t r a v i o l e t  s p e c t r a l  e n e r gy d i s t r i b u t i o n  o f  a s t a r .  I f  such an e f f e c t  

were op e r a t i n g s e l e c t i v e l y  on th e  p r i m a r y  compone n t ,  t h e r o l e s  o f  two compone n t s  

c o u ld  b e r e v e r s e d  i n  t h e  u l t r a v i o l e t .

Prom t h e  p r ev i o u s  p a r t s  y ou wil l  have n o t i c ed t h a t  there a r e a s many theories 

abou t  the  n a t u r e  o f  β  Lyrae an d t h e  p r o c e s s e s  t a k i n g  p l a c e  a s  p a p e r s  w r i t t e n  on t h i s  

sy s t em. C l e a r l y f u r t h e r  o b s e r v a t i o na l  work i s  nec e s s a r y  i n  new w a v e l e n g t h r e g i o n s  

which b r i n g s  me to  b r i e f l y m en t ion  t h e  r a d i o  obse r v a t i ons  r e p o r t e d  by Wade  and 

Hje l l m i n g  i n  e a r l y  1972 .  These w e r e i n t e r f e r o m e t e r  o b s e r v a t i o n s  ma de a t  2 , 695 MHz 

and 8 ,0 8 5  MHz and show e v id e n c e  o f  v a r i a b i l i t y  b u t  no p e r i o d  s e a r c h  f o r  r a d i o  e c l i p ses

h a s  been r e p o r t e d  t o  d a t e .  I f  t h e  e m i s s i o n s  a r i s e   f rom an op t i c ally t h i c k  c lo u d  o f

i o n i z e d  ga s e s  a t  a tempe r a t u r e o f  104°k, t h e n  t h e  t y p i c a l  f l u x de ns i t y  ob s e r ve d a t

8 , 0 8 5  MHz  c o r r e s p o n d s  t o  a n  a n g u l a r  d i a me t e r  o f  0 . 2  a r c  sec. T h e d i s t a n c e  t o  β  Lyrae 

is  a b o u t  5 0 0  pc a n d ,  t h u s , t h e  l i n e a r  d i a m e t e r  o f  t h e  s o u r ce is a 100 AU. Th i s  v a lu e  

is many  t imes t h e  sep a r a t ion o f  t h e b in ary. This  wou l d pr e d ict t h a t  n e b u l a r  e m i s s i o n

l i n e s  s h ou ld  be o b se rv e d  a t  a ll  t im e s  i n  t h e op t i c a l  s p e c t r a  and would b e ne i t h e r

Dopple r  s h i f t e d non v a r i a ble .  This  i s  con t r a r y  t o  pr e s e n t  mo d e l s , bu t  i n dic a t e s  t h e  

p r e s e n c e  o f  a proba b ly  non - t h e r mal  r a d i o s ource  which i s  t he r e s u l t  o f  s o m e  unusually
h i g h  e n e r g y  p r o c e s s .

I t  w as  su g g e s te d  in  P a r t  1  th a t  th e  c o m p o n e n ts  in  β Lyrae have exchanged roles
( i e .  t h e  o r i g i n a l  p r i m a r y  i s  n o w  t h e  s e c o n d a r y )  d u e  t o  m a s s  t r a n s f e r .   S u c h  t r a n s f e r s  

o f  mass c a u s e  o r b i t a l  a n g u l a r  m o m e n t u m  t o  b e  t r a n s l a t e d  t o  r o t a t i o n a l  a n g u l a r  m o m e n t u m  

i n  t h e  a c c r e t i n g  s t a r .   B e c a u s e  o f  t i d a l  f o r c e s  d u e  t o  t h e  c o m p a n i o n ,  t h e  u p p e r  l a y e r s  

of  th e  s t a r  w i l l  s l ow down whil e  t h e d e n s e r  c o r e  w i l l  be l e s s  r e t a r d e d  resulting in 

h i g h l y  d i f f e r e n t i a l  r o t a t i o n .   T h i s  r e s u l t s  i n  r e d u c e d  c e n t r a l  t e m p e r a t u r e s  a n d  h a s



b o o n  t h e o r e t i c a l l y  s h o w n  t o  l o w e r  t h e  l u m i n o s i t y  a n d  e f f e c t i v e  t e m p e r a t u r e .  D i f f e r -  

e n t i a l  r o t a t i o n a l  v e l o c i t i e s  o f  t h e  o r d e r  o f  3 0 0  k m s -1 c a n  r e d u c e  t h e  ma g n i t u d e  b y  

1m o r  m o r e .  S t r o t h e r s  a n d  L u c y  s u g g e s t  t h e  s e c o n d a r y  o f  β Ly r a e  i s  2m underluminous

f o r  t h i s  r e a s o n  a n d , t h u s , c o n c l u d e  t h a t  i t  i s  u n l i k e l y  t o  b e  a  c o l l a p s a r .

S t r o t h e r s  t h e n  c o n s i d e r e d  t h e  p o s s i b i l i t y  t h a t  u n d e r l u m i n o s i t y  o f  t h e  s e c o n d a r y  

mig h t  b e  d u e  t o  ma g n e t i c  f i e l d s  b u t  w i t h  p o s i t i v e  r e s u l t s .  T h e  p r i n c i p l e  w a s  t o  

e x p o s e  t h e  i n n e r  r e g i o n s  o f  a  s t a r  w h i c h  l a y  i n s i d e  t h e  c o n v e c t i v e  z o n e  a n d  w h i c h  

m i g h t  h a v e  a s t r o n g  ma g n e t i c  f i e l d  a n d  t h e o r e t i c a l l y  d e t e r m i n e  t h e  f a t e  o f  a  m a g n e t i c

f i e l d .  I t  i s  u n l i k e l y  t h a t  d e c ay  o r  s u b m e r s i o n  o f  t h e  f i e l d  l i n e s  a t  t h e  s u r f a c e

w o u l d  o c c u r  o v e r a  p e r i o d  o f  t i m e  a s  s h o r t  a s  104 years ( k e l v i n  t i m e ) .  T h i s  i s  th e

probably e l a p s e d  p e r i o d ,  (c o n f i r m e d  o b s e r v a t i o n a l l y  a n d  t h e o r e t i c a l l y )  s i n c e  b e g i n —

n i n g  o f  m a s s  tra n s f e r  i n  β  L y r a e .   F r o m t h e i r  a r g u m e n t s  t h e y  i n f e r  t h a t  t h e  i n t e r i o r  

m a g n e t i c  f i e l d  i n  u p p e r  ma i n - s e q u e n c e  s t a r s  i s  p r o b a b ly  q u i t e  w e a k .  H o w e v e r , whatever 

t h e  s t re n g t h  o f  t h e  f i e l d , i t  w i l l  b e  c a r r i e d  a l o n g  b y  t h e  i o n i z e d  g a s  s t r e a m i n g  a n d

will p e r m e a t e  t h e  e n t ire s y s t e m ,  a l t h o u g h  c o n c e n t r a t e d  b e t w e e n  t h e  c o m p o n e n t s .  H e

suggests t h i s  m i g h t  e x p l a i n  t h e  r a d i o  o b s e r v a t i o n s  a n d  t h a t  i t  m a y  b e  p r o f i t a b l e  t o

s e a r c h  f o r  r a d i o  e c l i p s e s  a n d  f l a r i n g  a t  t h e  s u r f a c e  o f  t h e  p r i m a r y .   H o w e v e r ,  i t

Y o u  w i l l  r e m e m b e r  t h a t  D e v i n n e y  c o n c l u d e d  t h a t  t h e  l u m i n o s i t y  o f  t h e  s e c o n d a r y

i s  < 0.0 8  b u t  K riz  t h i n k s  t h i s  is  an u n d e r e s t i m a t e  (b e ca u s e  th e s p e c t r a l  lines are

b r o a d e n e d  d u e  t o  r a d i a t i o n  a n d  h e n c e  di f f i c u l t  t o  d e t e c t ) a n d  s u g g e s t s  L 2  <  0 . 2 5  i n

a mo r e  r e a l i s t i c  u p p e r  l i m i t .  Fig. 5 s h o ws  t h a t  t h e  a m p l i t u d e  o f  t h e  e c l i p s e  e f f e c t s

Phase

Fig. 5 The B light curve o f  Larsson-Leander with the theoretical 
curves as solid lines, given for labelled values o f  the mass ratio 
MBRT(B8)/MENT(INV) Other required parameters for the 
calculation are given in the text. The primary eclipse egress is 
shown and observations in the range o f  phases from 0.5 to 0.89  

have been reflected about phase 0.5.

s e e m s  u n l i k e l y  that a c c r e t i o n  o f mass w i l l  b u i l d  u p  a  str o n g  i n t e r n a l  mag n e t i c  fi e l d

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

o f  t h e  o r i g i n a l  s t a r .



a t  secondary minimum (phase 0 .5 )  i s  g r e a te r  than. 1 m .  In the c a se  o f  t o t a l  ec l i p s e 

o f  the secondary t h i s  c o r r e s ponds rou gh ly  to  L2 =  0 .1  and i f  p a r t ia l  e c l i p s e  L2 

must be l a r ge r ,  ( t h e r e f o r e  0 .1  ^  L2 < 0 . 2 5 ) .   U s i n g  t h i s  e s t im a te   w ith  the  ma s s e s  o f

the  components K riz o b ta in s  data which i s  seen in  Fig . 6 .  The box r e p r e s e n t s  the

F i g 6  H ertsprung-Russell diagram  for β  Lyr.

u ppe r  and l o we r  e s t i m a t e s  o f  t h e  l umi n o s i t y and e f f e c t i v e  t e mp e r a t u r e s . The pr i m a r y 

i s  t h e  B8 s t a r  o b s e rv e d  by S t ru v e  b u t  Kriz  a l s o  s u gges t s  B0 -  B2 i n  a more r e a l i s t ic 

cl a s s i f i c a t i o n  f o r  t h e  seconda ry  on t h e  b a s is o f  t h e  OAO o b s e r v a t i o n s . The p r e v i o u s  

A — F des i g n a t i o n  i s  m e a n i n g l e s s  he s a y s , b e c a u s e  i t  i s  ba se d on t h e  ph o t o m e t r i c

b r i g h t n e s s  r a t i o  be tween  t h e  two minima wh i c h  a r e  a f f e c t e d  by t h e  pr e s e n c e  o f  t h e  s c at —

t e r i n g d i s c .  The B0  - B2  s p e c t r a l  typ e c o r r e s p ond s t o  a main s e quence  s t a r  o f  the

estim ated  mass (10 — 14  Mo ) o f  the second ary. The underlum in o s i t y o f  the B0 st a r  can

be e a s i l y  e x p l a i n e d  by non—u n i fo r m  r o t a t i o n  a s  d i s c u s s e d  e a r l i e r .  I f  h i s  conj ect u r e s  

a r e  t r u e ,  t h e  qu e s t i o n  i s  why i s  the pr im a r y  o v e r  lumi n o u s ?  o r  why i s  the  l e s s  ma s s i ve

c ompo n e n t  more evol v e d ? - - e x a c t l y  t h e  e v o l u t i o n a r y par a dox o f  Algol b i n a r i e s . Th e o r e t -

i c a l  models  o f  e v o l v i n g c l o s e b i n a r i e s  can predic t  an o v e r luminosit y  i n  t h e  pr i m ary

f o r  s t a r s  ha v i n g masses  s imilar  t o  β Ly r a ' s whi l e  models  in c o r po r a t i n g  a black hol e 

c a n n o t .

N ebulous j u s t  s to p p e d  by t o  g i v e  me a rough copy o f  h i s  n ew

a r t i c l e  t o  d eb u t soon in  Nova N o t e s . . . . . .LIKE FUN IT WILL!!!

. . . e d.





G a l a x i e s , N ebulae  and S t a r  C l u s t e r s

The most remarkable object in the constellation of Andromeda 
is the nebula M31. It appears as a dim patch of light slightly 
more than 1° in length. It was known to the Arabs, who could have 
no idea of its remarkable appearance as revealed by even a small 
telescope, let alone by long exposure photographs which show its 
much greater extent as well as structural details.




