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.. ON, a?HE RELATION-3E0?'A/EEH ,THB :STHEAM AND; THE ELLIPSOID ..CONSTANTS ;

- . V:: J .1 .,^ ,, ;  '..^D.G^Bwart;.  ̂ :v I:,-:,
(Cqmuiiicate3,,byrtNe j ^ i r ç c t o r  .UniTC^  ̂ pbseryato i-y , Qlasgow. ) , , , ,

; : The mea:n s p e e d a , both i n  t h e p q s i t i y e  , qnd- t h e . n e g a t iv e
d i r e c t i o n s  , along-and^;peppendiculq.r tp , the a x is  , o f  s ta r - s t r e a m in g  
are, d e r iv e d ,  ,bp;l ĥ,.9n; the ,  t w o - d r i f t s  .and,.t^ n e l l ip sç id a L . .^  
of  the,, d i s t r i b u t i o n  .of  s t e l l a i?  l i n e a r  v e l o c i t i e s , the o r i g i n , , o f . 
v e l o c i t y  components b e in g  the .centre o f  r e s t  o f  ;a l l .  s t a r s ,

I t  i s . t h e n  found th a t j  i f . t h e  number o f  s t a r s  b e lo n g in g  
to  each, d r i f t i  are. e q u a l ,  i t  l i s  . .possible  ̂to  c a l c u l a t e  the r a t i o  o f  
the. axes o f  the v e l o c i t y  e l l i p s o i d  fr o m ,the. r e l a t i y e .  speeds  : o f  the,^

M , . . The ' r e l a t i o n ,  thus ob ta ined  i s  a p p l ied  to  the r e s u l t s ,  o f
a number; o f  a n a ly se s  p f . proper,-motipris :and =the p a lc u la t e d  v a lu e s  o f Ç 
the a x i s - r a t i o  are compared vfith the corresponding v a lu e s  derived^ : 
from the a n a ly se s  of' the same m a t e r i a i  o n 'th e  e l l i p s b i â a T  h y p o t h e s i s .

1 ,  ! • Ah i m p o r t a n t - f e a t u r e  d f  th e  r e s u l t s  o f  a n a l y s e s  b f  t h e '  ^
p r o p e r  m o t io n s   ̂o f  t h e  s t a r s " ' i s  t h e  a g r è ê rnent i n  th e  - d i r e c t i o n  of- ' 
t h e  / v e r t e x  d f  s t a r - s t r e a m i n g  as  f  oünd 'by/ th e  two ' mwthods'ldf  ̂a n a l y s i s  
-  th e  T w o -D r i f t s  a n d ^ t h e ‘E l l i p s o i d a l ,  As th e  tWo methoâd 'ôf; a n a l y s i s  
a r e  v e ry  d i f f e r e n t  -  thw t w o - d r i f t s " ‘a n a ly s e s  g e n e r a l l y  b e in g  perfdrme< 
by f i t t i n g  t h e p i e t i V a l  c u rv e s  f t o  t^e '"observed-  d i s t r i b u t i o n  i n  i n d i v 
i d u a l  a r e a s  of  th e  -sky and thb  = e l l i p s o i d a l  a h a ly s e s ' . b y  a p u r e l y  " . "
n u m e r ic a l '  m e th o d / - ' ' ' th e  im p o r ta n c e  of- 'the.', ag reem ent  i s  en h a n ced ; '  I t  i s  
t h e r e f o r e  to " b e  e x p e c t e d  - t h a t " t h e r e  s h d h ld  e x i s t  some r é l â t i o h s h i p V 
p o s s i b l y  o n ly  a p p r o x im a t e , be tw een  c e r t a i n  of, t h e  p a r a m e t e r s  o f  th e  
t\vo d i s t r i b u t i o n s ,  - / \.*........... C Ç. - '• ' / ' \ c - -' f ■ One such  r e l a t i o n ^  which was . .d e r iv e d  . by Smart (11  has  been 
u s e d , w i t h  s u c c e s s ,  i n , a .  number o f  ; p r a c t i c a l j a p p l i c a t i o n s , ( 2 , 3 v ^ ) .

I n  t h e o r y , t h e  use of  Smart *s r e l a t i o n  i s  v a l i d  ..only when 
a p p l i e d  t o  r e s t r i c t e d  p r o p e r  m o t io n s  ( th o s e  g r e a t e r   ̂t h a n  a g iv e n  
v a lu e  of  | i )  .and when th e  f o l l o w i n g  c o n d i t i o n s  a r e  s a t i s f i e d ; -

’ ■ (à )  th e  spadb  - d i s t r i b u t i d n -  of  th e  s t a r s '  i s  g i v e n  by ' à  d e n s i t y ' '  
law of t h e  form N^r ) * Aexp ( -h ^ k ^ r^  ) /  r  , A, h ,k  b e in g   ̂c o n s t a n t s  ,

N (b)  th e  r a t i o  o f  k t o  p i s  s m a l l  “ . • , /  /  ..  ̂ ^  , .1
a n d ( c )  th e  s t a r s  a re  e q u a l l y  d i v i d e d  between th e  t w o - d r i f t s ,  jc-:,,,, 

I t  must a l s o  be n o te d  t h a t  th e  r e l a t i o n  on ly  a p p l i e s  t o  a  s m a l l  
r e g i o n  of -the. s k y . .^To. o b t a i n  t h e  . c o n s t a n t s  o f  rthe. . v e l o c i t y  e l l i p s o i d  
f o r  th e  whole s k y ,  t h e . r e s u l t s  f o r  each  r e g i o n  must f i r s t ,  be. combined 
The . manner.-,i n  .whiph . t h i s  may be , accon ;p li8bed  has  been  d e s c r ib e d . .b y  .j 
Smart .(2) and i s  b a s i c a l l y  one o f  s u c c e s i y e  a p p r o x im a t io n s  : t o  ; t h e   ̂ : 
t r u e  v a l u e s  o f  t h e  unknowns from i n i t i a l l y ; assumed v a l u e s  o f  th e  
jm know ns, I n  t h i s  p a p e r  an a t t e m p t  i s  made' t o  d e r iv e  = a 'm o r e _g eh e ra l -  
^ e l a t i o n ,  .. - ' "
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2 ,  I n  th e  tv /o -^d r i f t s  t h e o r y  , t h e  s t a r s ' - a r e - ^ d i v i d e d  i n t o
two a s s e m b l i e s , f o r  e a ch  o f  which t h e  d i s t r i b u t i o n ,  o f  l i n e a r / v e l o c i t i e  
i s  random. The v/to d r i f t s  a r e  i n t e r m i n g l e d  i n  sp ac e  and t h e i r  
c e n t r e s  o f  r e s t  a re  i n  r e l a t i v e  'm o t io n * a lo n g  th e  a x i s  o f  s t a r -  
s t r e a m i n g ;  t h i s f l a t t e r  a x i s  d e f i n i n g  t h é '-d i r e c t i o n ' o f ' t h e ' v èr t e x ,

, From th e  . c e n t r e  o f  r e s t  o f  a l l  .s t a r s , ,  t h e  , a x i s  of  s t a r -
s t r e a m i n g  a p p e a r s  a s  an a x i s  g r e a t e r  m o b i l i t y  t h a n  i n  any o t h e r
d i r e c t i o n , . I n  S c h w a r z s c h i l d ' s e l l i p s o i d a l  t h e o r y ,  t h i s  f e a t u r e  i s  
e x p r e s s e d  a n a l y t i c a l l y - ,  'The. exp on en t  o f  th e  d i s t r i b u t i o n  i s  o f  th e  
form of  t h e  q u a d r a t i c  e x p r e s s i o n  a p p e a r i n g  i h : t h e  \e i^uation- o f a n  ' -- 
e l l i p s o i d a l  o f  r e v o l u t i o n ;  and ' t h e  mean v e l o c i t y 'c o m p o n e n t  - i n " t h e - 
d i r e c t i o n -  o f  t h e  v e r t e x -  i s  g r e a t e r  t h a n  in-  any ^either ' d i r e c t i o n ;  i  - 

* -Throughuot t h i s  p a p e r ,  th e . . fo l lo w ih ig  forms o f ^ th e  ' ■
d i s t r i b u t i o n  f u n c t i o n s ;  w i l l  be u s e d ;  - F.df a  s i n g l e  \ d r i f t  Î -

9t%f ( u , V, w) = nh^exp f qv^+w^} )  ̂ ■
th e  o r i g i n  of  . v e l o c i t y  compone h t  s b e in g  th e  ce l i t r e  o f  r e s t  - o f  th e  ; '
d r i f t , u , V ,and w b e in g  th e  v e l o c i t y  com ponents ,  n th e  nu m b er /o f '  s t a r s  
b e lo n g in g  t i  t h r  d r i f t  ' a n d ‘h (= l / i ^ )  a  c o n s t a n t ;  ' S b e i h g  th e  mean 
v e l o c i t y  d i s p e r s i o n  Of s t a r s  i n  th e  d r i f t .  Thus fmr .two d r i f t s , # e ‘ '

V.w) =. n ,  liT exp ( -hT + v f : . t n  ,  exp ( ̂ 11% ̂
v/here n, u, v, v/, h, and nj^u^^v  ̂v/^and^ h ^ ïre fe r  » t o ' D r i f t  *s I  and I I  r e s p e c t 
i v e l y .  As th e  d i s t r i b u t i o n  o f  v e l o c i t i e s  i n  each  d r i f t  i s  random, 
we may. o r i e n t  th e  axes  i n  any co nv en ien t . ,  m an n e r , We ^w il l  t a k e  th e   ̂ ; 
uf. and u^y axes  t o  be a lo n g  th e  a x i s  o f  s t a r - s t r e a m i n g  ; . found;,  i n  
p r a c t i c e  , t o  be i n  , o r , n e a r ,  th e  g a l a c t i c  , p i  a n e T b q  q t  he r  / axe s ape 
p e r p e n d i c u l a r  t o  t h e s e ,  th e  y/, and w^, axes  b e i n g a p p r o x i m a t e l y  i n j  _ 
th e  d i r e c t i o n  of  , th e  n o r t h  g a k q c t i c  p o l e , , .

We now- t a k e  new a x e s . ( b , V, W%,r e f e r r e d ,t o  t h e , c e n t r e  
o f  r e s t  o f  a l l  s t a r s  and p a r a l l e l  t o  th e  u  ̂ ,v, .and ŵ  a x e s .  Then, 
i f  th e  speeds ,  o f .D r i f t  I  and D r i f t  I I , r e l a t i v e  t o  . t h e ; c e n t r e ,  o f  
r e s t  of, a l l , s t a r s , a re  Q, and r e s p e c t i v e l y ,  we have.:- ,  .... - /

- ' ■ nlQ,. = n̂ ^Qg ' : : . ( 2 ; l )
and ,  U| = U -  Q, , V, = V , w/ = W} ■ — ' Yp p V

- ' ' u^=^U + v^:-* V/',. wz^=î  ̂ \
><' '  r ' The d i s t r i b u t i o n ' fm n c t id h  f o r  th e  t w o - d r i f t s  t h e o r y   ̂

t h e n  b e c o m e s : -  - . • - ‘ , -( •
7i;’'-F,(U,V,W) = ' ( 2 , 3 )

For t h e . e l l i p s o i d a l  t h e o r y  th e  d i s t r i b u t i o n  f u n c t i o n ,  r e f e r r e d  to  
th e  same a x e s , i s  ; -  .. . , . , : .. . . / / ; ;;•

7Ĉ'Fj(U,V,W) = H*e - ' y ^  '
y/here n, + = n and k 4!h ,.'- ‘ ’ ' - -

3 # Let  th e  number o f  s t a r s  on t h e ' ^ t v / o - d r i f t s  t h e o r y  ; -
w i th  U 0 , be IP = NJ + , .where' NY f s  t h e  number <of  s t a r s  b e l o n g 
i n g  to  D r i f t  I  and Ft* i s  t h e  c o r r e s p o n d i n g  number f o r  D r i f  t i l , f o r  ' 
a l l  v a l u e s  of  V and VI,

O



'":Smnrt;*-S values-;;;  excep t .  ; for:  ; the,-: ca se  o f A L L .  s t a r s ;  w h ë r ë i th ê . - doubly- - 
‘e r r o n e o u s  'o ld *  v a l u e s  a r e .  h o t  : L i s t e d ,  ,/://: ',
Zone No. l/lC 1/È  . Go
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.3 wiL V. ; -v ; Asowas 7n o te d  iin. (th e  p r e v i dus p a p e r , t h e  oozily : s o l u t i o n  ? t o  
whiohc any .; w e ig h t  : can/be: . : a t t a c h e d  l i s  \ t h a t  f o r - ; a l l ^ i s t a r s  A g a i n / t h e /  >-■ 
v a lu e  ;; o f  i t  he u a x i s r r a t i o  o f  d t h e  . ; v e ld o i ty  . e l l i p s o i d :  a g r e e s ' - w e l l ,  w i th  . 
Smart * s -  d e t e r m i n a t i o n ,  obut o the  v e . l o p i t y / d i s p e r s i o n s / a l o n g  t h e  : axes  

;-pf / t h e  v e l d  c i t y  e l l i p s o i d  . a r e . g re  a t e r / f  o r  t h e  . . f a i n t  j s t a r s  /T h i s  i s  t 
-  t o  b e , e x p e c t e d / b o t h  tbecause  Lof ; th e  l e s s e r  amuont %of c the  m a t e r i a l : ) / /  

a v a i l a b l e v f  o r  0a n a l y s i s  apd because  udf : th e  i g r e a t e r . ip robab le  _ef r o r s  
o f  th e  s o l a r  m o t io n .  For t h e  l o n g i t u d e  o f  t h e . m a j o r  a x i s / o f  th e  ;■ 
e l l i p s o i d , " th e  r e s u l t s  i s  i n c d n c l u s i y e  -as r e g a t& s  t h e  v e r t e x  d e v i a -  
t i o n   ̂be causé  o f  t h e  l a r g e  p t  obéblé '  ' e r r o r .

' ' - " ' A u n m à r i è i i i g 'f é v i s e d :f e A u l - W " i t  a p p e a r s  t h a t  ' a f t h o u  
' -t h e r o a r b  h d  ’ d e f i n i t e  ' i n d i c a t i o n s :  % f  v a r I d t i o n . i n  t h e  b m p s o i d a l  1 

c o n s t a n t s  b e tw een  th e  b r i g h t e r  and th e  f a i n t e f  s t a r s  -  e x c e p t i n g  
the, i n c r e a s e d  . d i s p e r s i o n s . .  a lo n g  :,the ; axes  i -r t h e r e  . i s  a/ v a r i a t i o n  i n  
th e  - s o l a r : , % otipn  i n  . v e l o c i t y  and ,:in .the?i g a l a c t i c :  l o h g i t u de cog ‘ t h e  c 

3apexv5;oi c /vcc / :  i../. - :  ̂  ̂ ocv cc 1 : - )o
4* , io .  x /;,:-Mÿqthànk6. are; due to  Dr „ T , B . T a n b a h i l l  ,f d r  c c a q u a i n t in g  Imo 
of t h e ,: p r e s c e n ç e , , o f  the- ,-e rr  o r . i n  th e  e a r l i e . r  a n a ly s i s ?  a n d / t o  t h e  / I -  
D epar tm en t  o f  S c i e n t i f i c  and I n d u s t r i a l  / Rose a r c h  : fo r  th e  ; a w a rd /o f  
a  M a in ta in a n c e ; : Q r a n t , jduri^ng, , thec  t e n u r e  vof w^hich b o t h  a n a ly se s^ -  /: /

. .i . : ' .7i-/..  . 1 "-‘ç-ï ; , ' / /  r:
.  # Â ^ 9 r s i t y ,  ;O b s e rv ^ W y :7 x . . < k i  c : lo- " -

Glasgow, W.2 . • .. .-, . ■ . 7  CV'-
■ r i>. ' O ' l . : , . L  ■ 'v J?EEEKBNCESl , o ;<j ;.-ù , Hue- o.:.-',: ,

::Cl,)\,D,.G:,Ewart^. . ■ 1.1 jJ ' , Mr'
- (2 ) ,  W,M).gmàrt.,,and/,3j>GAandrst.sejicfear.. N.-.Vi9.8', 65-8,v 1958

I9 5 a . .u u  . h f,

- o - ;



KOTL GONGERNIKG. THE CONSTAflTS OF THE/VSLOCITYcSLLIFSOID/FNOM-/ // : - ■ 
THE NADI AL VELOCITIES OF 820 FAINT/STARS -/.L: v ' ̂  ̂ ///.-/u.vcc

\  c. P ;G ,E w a r t ,  1  ■. /  :■, /? ' ■
(CoiTiDiunicated by th e  D i r e c t o r , U n i v e r s i t y  O b s e r v a t o r y , Glasgow, )

' ' 1", -, ’ \ I , ■; ■ - . \ /  '/ ' -
‘ _ - S u m m a r y . ,
E r r o n e o û s ' v a l u e s  Of th è  s b l a r  M otion  and of  t h e  c o n s t a n t s  o f  t h e  
v e l o c i t y  e l l i p s o i d  p u b l i s h e d  i n  a p r e v i o u s  p a p e r  a r é  c o r r e c t e d , .

■ The r e v i s e d  r e s u l t s  i n d i c a t e  no d e f i n i t e  v a r i a t i o n ' i n ' t h e  c o n s t a n t s  ,
' p f  th e  v e l o c i t y  e l l i p s o i d ,  f o r  t h e  . f a i h t ,  s t a r s  b u t  t h e  ̂  v a r  i  a t  i o n  :’i i  
: i n  th e  . p o l a r  m o t io n  i s  c o n f i r m e d .  A ► .

r l ,  . , I n  'a  p r e v i o u s  p a p e r  ( l ) , / , t h e  d e r i v a t i o n  o f ;  th é î  c o n s t a n t s  o f
th e  s o l a r  m o t io n  and o f  . t h é )  v e l o c i t y :  e l l i p s o i d  from  the./ r a d i a l  /  ; 
v e l o c i t i e s  o f  a  sample  g rou p  o f .f a i n t  s t a r s  -  H.D, m a g n i tu d e s  8 ,5  t o  
8 . 6 , s p e c t r a l  t y p e s  F t o . 14 o b t a i n e d  a t  L i d k / O b s e r v a tp r y  by Moore : 
and /P ad do ck  was d e s c r i b e d .  I t  .was. r e c e n t l y . b r o u g h t  t o  m y in o t i c e  by 
D r ,  T .R ^ T a n n a h i l l  t h a t ^ t h e  s o l u t i o n  f o r  : t h é  e l l i p s o i d  c o n s t a n t s - f o r  
ALL s t a r s  was ; i n c o r r e c t , : th e  f i g u h e s  g iv e  h no t  h e  i n g :t  he  ̂me ans  o f  
th e  v a l u e s / f o r  t h e  t h r e e / zones  ; -On - e x a m i n a t i o n ; i t  w a s : fo d n d  t h a t - i t  ; 
h a d .b e e n  a s s u m e d ' t h a t  t h e  e q u a t i o n s  vcou ld  be : s o l v e d  f o r - t h e  whole - sky  
b y . t a k i n g  th e  mean / g a l a c t i c  . l a t i t u d e  as  0 , which  p r o c e d u r e  - i t
f a l l a c i o u s , s o l u t i o n  was c o n s e q u e n t ly  r e q u i r e i , ..arid i t  was d e c id e d  
t o  r e - c h e  ck t h e  p r e v i o u s  ' s o 1 u t  i  o ns . s imu 11 a ne o us l y , I n  so  .d p in g ,  
e r r o r s  o f  s i g n  were d i s c o v e r e d  J in  the,  s o l u t i o n  f o r  t h é  s o l a r  m o t io n ,
A f r è é h  a n a l y s i s  was t  he t é  f  o r e ' h e  r  f  Ofme d , trie d e t a i l s - a n d  r e s u l t s  o f

a r e  g i v e n  , , ,  3/.07
... _ . No changes  /were made i n  th e  met ho ds /o f  a n a ly  s i s  & F or ' i  he ' / 

s o l a r  m o tio n ,  t h é  no rm al e q u a t io n s  ?v/eré ./ f r o m e d / 'F o r / t h e - / c a l c u l â t io n  
of. th e  a r e a l  c o r r e c t i o n s , t h e i r  ap p ro x im a te  s o l u t i o n s  were fo u n d ^ to ; 
be ; -  U . Z 2 1 .05 1cm , / s é c  g, G /= A l ^  ,, /g =- J4-22-; an d  h - J é l  ,0 . 'km , y ^ e c , ■
The com plo te/ s o l u t i o n s  o f  th e  norm al' 'e q u a t io n s ' / -  d h c l u d i n ÿ "the-.'' 
c o r r e c t i o n s  were . t h e n / f o u n d / to  be  ̂ / m . .  n p:--l;xap._v '.u.;
u =' 2 2 .3 1 ± 1 .2 0  k ra i /s e c . , ' , -  A-.= ' 2 8 0 ° . 0 i 5 ° . 8 .  , .D':= '
G = 44 ,3±3 .5  , s  = +20° .4 + 5 °;.1 w ith ,  a K - te rm  o f  +1 .- l^ iO:79 k m .
The we i g h t e d  me an r e s u l t s  o f  Mo o re  and Pad do ok, a r e  U- ' "22,44 c ,
A = 2 8 0 ^ ; ' d = 4-440.5  . . ; .

The c o n s t a n t s  o f  t h é  v e l o c i t y  e l l i p s o i d  were a g a i n  de te rm inée  
s e p a r a t e l y  f  o r  th e  l a t i t u d e  z o n e s , Or , 20^ arid: 45.°** ' F o r  b h e  whole ’s k y  
s o l u t i o n ,  tj ie i t e r a t i v e . method .of S o l u t i o n -  d e s cixibed'by" Smarf%*and\^^  ̂ 'P 
C h a n d ra s e k h a r  (2 )  .was u s e d ,  t h e  i n i t i a l ^  v a l u e s  b e in g  the- ' l ieans '  o f / ' t h e  
zone r e s u l t s , The r e s u l t s ,  t o g e t h e r  w i th  t h o s e  o f  th e  p r e v i o u s  s o l u t i c  
and t h o s e  o f  S m a r t ' s  ( 3 ) . a n a l y s i s  o f  th e  r a d i a l  v e l o c i t i e s  o f  
S c h k e s in g e r  *s "C a ta lo g u e  o f  B r i g h t  S t a r s , 1930" a r e  g i v e n  i n  t h e . t a b l e ,  
be low .  I t  must be n o te d  t h a t  t h e  v a l u e s  f o r  t h e  whole 'sky from Smart * g 
aha l y s i s  a r e  means o f  t h e  t h r e e  zones.  -  v /e igh ted  f o r  th e  l o n g i t u d e  of 
th e  m ajor  a x i s .  I n . t h e  t a b l e ,  th e  f i r s t  l i n e  g i v e s  th e  r e v i s e d  v a l u e s  
of  th e  c o n s t a n t s ,  th e  seco n d  t h e  . ' o l d  * / v a l u e s  t and - t h e  i h i r d -  khx' l i n e ,



,j.b u;au e a s i x y  u e / s e e n  unau on p u u p in g  p .= K = U i n  t n e  above 
e q u a t i o n s ,  t h e n  ( 8 , 1 9 )  r e d u c e s  t o  ( 5 ) 1 1 ) ,  an d  ( 8 , 2 0 )  t o  H = J ,  A lso  

i s  g r e a t e r  t h a n  one f o r  X g r e a t e r  t h a n  n o t h i n g , Thus i f  
t h e  d i r e c t i o n  o f  t h e  v e r t e x  d i f f e r s  f ro m  one d i s t r i b u t i o n  t o  t h e  o t t  
t h e n ,  e v e n  i f  H = J ,  t h e  a x i s - r a t i o  I^/H i s  g r e à t e r  t h a n  i f  t h p  d i r e c  
i o n s  were  i d e n t i c a l .  I f  t h e  d i f f e r e n c e s  i n  d i r e c t i o n  a r e  — i n  g a l a c t  
c o - o r d i n a t e s  -  i n  l o n g i t u d e  and  4 g  i n  l a t i t u d e , t h e h ; . -

p = iTandG  , fK = r  SeciflG .T a a d g  ( 8 , 2 1 - 2 2 )

— Tan ^-g an d  ^ = TanÀG 
( T ’ + c

' ' ‘ Q

The d i f f e r e n c e s  i n  e i t h e r  d i r e c t i o n  r a r e l y  e x c e e d  5 i n  e i t h e r  
c o - o z * d i n a t e , . and  a r e  u s u a l l y  o f  t h e  same o r d e r  ofi m a g n i tu d e  a s  t h e  
p r o b a b l e  e r r o r s  i n  t h e  c o - o r d i n a t e s ,  F o r 4 G = 4 g  = 5 w e .h a v e ,  
p -  0 .0 9 %  an d  X = 0 , 0 9 T  , .The a v e r a g e  a a l u e  o f  % f o r  t h e  f i r s t  15
v a l u e s  i n  T a b le  I I  i s  0 . 91ÿ ,  w h ich  g i v e s  k/ h = . 0 . 5 7 ^ .  I f  t h e  d i r e c t 
i o n s  g i v e n  by e a c h  m ethod  o f  a n a l y s i s  d i f f e r e d  by 5 i n  e a c h  c o - o r d 
i n a t e  , t h e n  T  becomes 0 , 9 0 5  i n s t e a d  o f  0 , 9 1 2 ,  and K/H becom es 0 ; 5 8 4  
i n s t e a d  o f  0 .5 7 7 *  The e f f e c t  i s  t h u s  n e g l i g i b l e , T h e r e f o r e u n l e s s  
t h e r e  e x i s t s  a  m arked  d i f f e r e n c e  o f  d i r e c t i o n  b e tv /een  t h e  r e s u l t s  of 
t h e  m etho d s  o f  a n a l y s i s ,  t h e  e f f e c t ,  on t h e  a x i s - r a t i o  o f  t h e  * e q u i v 
a l e n t  * e l l i p s o i d  t o  t h e  t v f o - d r i f t s  a n a l y s i s  i s  i n s i g n i f i c a n t . T h i s  i  
e s p e c i a l l y  t h e  c a s e  when t h e  p r o b a b l e  e r r o r s  a r e  c o n s i d e r e d ,  .

The e x t e n t  t o  w h ich  t h e  r e s u l t s  d ep e n d  on t h e  a ssum ed  
e q u a l i t y  o f  t h e  v e l o c i t y  d i s p e r s i o n s  o f  t h e  two d r i f t s  i s ,  hovrever ,  
unlcnovm. A n a ly s e s  o f  p r o p e r  m o t io n s  by t h e m s e l v e s  do n o t  p e r m i t  o f  t  
e v a l u a t i o n  o f  t h e s e  d i s p e r s i o n s ,
9 /A ck n o w le d g em en ts , I t  i s  a  p l e a s u r e  t o  t e n d e r  my t h a n k s  t p  P r o f e s  
.V/,M,Smart f o r  s u g g e s t i n g  t h i s  i n v e s t i g a t i o n  and  f o r  h i s ;  a d v i c e  v /h i l s  
i t  was i n  p r o g r e s s .  My t h a n k s  a r e  a l s o  due t o  t h e  D e p a r tm e n t  o f  
S c i e n t i f i c  an d  I n d u s t r i a l  R e s e a r c h  f o r  t h e  aw ard  o f  a  M a i n t a i h a a c e  
G ra n t  j d u r i n g  t h e  t n n u r e  o f  w h ich  t h e  i n v e s t i g a t i o n  v /a s . .p e r fo rm e d .  
U n i v e r s i t y  O b s e r v a t o r y ,
G lasgow , W.2,
1954 December 2 1 ,

REFERENCES ' /: .
(1 )  V/.M,Smart M.N, 8 9 , 1 1 4 , 1 9 2 9 .
(2 )  W.M.Smart M.N, 9 9 ,5 6 1 ,1 9 5 9

Sm art  and  T . R . T a n n a h i l l .  M.N. 1 0 0 ,  3 0 ,  1 9 4 0 .
(4 )  W.M.Smart and T . R . T a n n a h i l l ,  M ,N ,1 0 0 , 6 8 8 , 1 9 4 0 ,
(5 )  A . S . S d d i n g t o n .  M.N, 7 0 ,  4 , 1 9 1 0 ,
(6 )  R . D . H . J o n e s .  M.N. 9 1 , 5 6 1 , 1 9 3 1 .  ■ :
( 7 )  H.Ratmond. A,J, 29 ,  2 5 ,1 9 1 5 .
(8 )  T . R . T a n n a h i l l ,  M.N. 1 1 2 ,  3 , 1 9 5 2 ,
(9 )  J . D e l h a y e ,  B u l l .  A s t r o n , , Tome I 6, p i , 1 9 5 1 .
(10) J . J a c k s o n ,  Gape A s t r o g r a p h i c , Z o n e  C a t a l o g u e , , I n t r o . p ; X X x , H , M . S .
(1 1 )  D .G ,E w a r t ,  M.N. I l 4 ,  N o ,4 , 1 9 5 4 .  (1 9 3 6 )
( 1 2 )  D .G .E v /a r t  and  J , v . B , , L o u r e n s , I n  p r e p a r a t i o n .



.À^bY ,.^^^;»> ■: : ;. o „ / , j „ .v  éA:,
- -■} ■ -' '■ ■ •.̂ ■'■: "'\ 4 ' ' '■' '.*■- • ■ '": — <- ■■ >2 N/' “ ' <)i|̂ 3i T#) ̂  ' 'k 4- ̂  (Tê.)j ’•- ’-' ' '■ '-' - - (7 i 4 ),
. V. 3/' .■://■;/, jj 3 377 /  -3, J rk- r l  F./;;:/ 7 V 7 L, v/' . , , /  j F / _ : / . {<% v (1± i

1x1 a ;sxm xla r  amnner; we. can  obtamii,, i f  N"/ xs  t h e  number  ̂o f
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f o r  à l l  v a l u e s  q f  U .and V. amd .flf,, : t h e  number o f  s t a r s  wffith W/0 f o r .
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where p| = h, R , , p2.= lh_R%\ : Xg =-h^S ;and X^= h%8%,;-u_7/ • /"%/ ;?■.  ̂Y,:'/ / /  -
§ ■ /:Vo ;.7-:hi‘v.; ,v.,/i \ : u ^ ' i /  //■ . ;m7 ;l// /X'/ 'J ' . VVe now . d e r i v e  t h e  mean sp e e d s  a l o n g  th e  p o s i t i v e  and . n e g a -
t i v e  d i r e c t i o n s  o t  each ;  a x i s  . L e t t i n g  t h e s e  be U*,U, , V* V,^VV* .and
W ; v  t r ie :  suhsr ihÈ p ts  r ie fë rÿ ing^ : to^ th e  ' n e g a t i v e  d i r l d t i d i i s ^  we' ô b tà ïx i^ -'. : l l y  - J 1/ . 1 . e u o 7 0 ?or-*; - v .. o ^ / : 7 / 7 . ■ v o.x, • j vO- / 1:c 7 • ' i; -,..i i-:;<' " .in,, th e  n o t a t i o n  o f  s e c t i o n  4 ,  , _

U-'.. :=; : ;',y/ir., , .  Q;, . = 7Î—->■ . ■ , .  < V.'., : = " /̂<ti ' , V = —2 1  j - » W, =
■ O.oj ,.; r .,;7 d. -::.3 ■- /  /?-/!'. , V o , : f p - M k f i j i J  . T.'c (8 .,l-6 )V

n?; -.V' r.:. .i'-uY 7 lY-i-' " v)';/ V V. ' - - J. '/;Y ' V-.'.i/' / ? / /' 3 : : j: : .0 J . 73 .
S i n c e  w e  h a v e  t h e  r e l a t i o n s  . ,

■ V : ’/ : n > ( t f + p l é Y - " '  ' : / '  n . H h l ' p î + X Î ) / ' ' " ' -  "
t  ' w 22 r-v:?Tc%=rRirf;*=.r%afraw:b> I O  % f  J  -

l O  : . . ; 7 7 V / ‘ / 7 i ' 3  ,3-/.. .• C .K,. ■ ^ / h f v r D  - i , y : ', ' ■ 7 /  .3;: h ^  -V ' : Uiy - »À
3 .. _C . :: , l 0 „ ^ 0:, . ' / ' 3  3 Yo :v v 3 V 3  ' i' ' 7_^.. C . . 7  / / .  /  ' 33J.' - ..Yr- V

a n d , a s  t h e  d r i f t s '  a r e 3m o v i n g  1x1 o p p o s i t e  d i r e c t i o n s  , , :1(T_L 3 73- 7V j: ) 7.3-' ' .l 3 O . ' 7 j 3 / ; j . 5 . y  P:.y . 3. . 3;.:: 3 ^ '3%. 3 .3.7 . 7 = _ 3 3 3, ' / R
' ■ ; . :7 : ;  ; ' ^ V.:::.y % 7 3 ^ .  u L  3 , ? . l > = , A A y :  , f / l . :  . - . /ov:*  VP’ ° 1 .

S O ,  f r o m  ( b . , . 7 ;  a n d  ( 0, 0) ,  w e  o b t a i n  ,
3 3% 3 7 0  J 1. \ ■ ■ c .333j ? c-r 3 3  .-3:3/ - J ^ '3  3 3 . / 3 J : . 3 O .*■ I/./.tl,' 3 0  '/ ü X \  -

. T h e  c o r r e s p o n d i n g  ^ e x p r e s s i o n s  o n  t h q  e l l i p s o i d a l  t h e o r y
■ . ■■ .CVAvV - e q . '  .3 3: V-3 3 3 t o ' / O y  3 .9 /  OJ: t  O.' 0 3  ' J.3; 0 3  3 . OOO.LlOC.: '  0-3 - j)3 0 3  Ov /  3
. T ^ ' "  3 ) ' = U ,  =  I / k  SX , / ; V ' = V j ,  == i / h  5^ , W ' = W ,  = l / j  S l  3 ( 8 v l o l 2 . ) ;
-_ :L33r , lU vl% y 3 . /L  « I / /  J 3-_ 0.3 V-3‘v - r O l O ^ Ô O / ' o  . 3 0 o J  3 3 33-' 3 /I 3 0. J: (3-; -
T h e . c o n d i t i o n  f o r  r e l a r i n g  t h e  t w o  t h e o r u e s  i s  o n c e  . a g a i n ,

' :. 1 : 3  o /  / o :

A s o w e / a h v e , '  t o o  t a k e  3 h  -  : h o  =( ; h . (  s  a y ) .  ;  J t h i s  . b e i n g t a s s u m e d  : i n / ,  t h e  -  t w q ^ r .% 
d r i f t s  ; a n a l y s e s ,  t h e  c o n d i t i o x i s  ( 8, 13) t o  ( 8 v l 5 )  r e d m c e : > t o î r . o : ;0 .0 1  :
V f  \ n % = n n  ^ 2 ‘";, Ti — ™ c o ^ s a ÿ  ) , p^ =  ; p \  p ( )  a n d  ,7v^ X^ —■ X ( s a y  ) ,
We '• t h u s o h a v e  V - 3:;, ;;0 r>o 3, 3 /; u 3.3; :%/: y - y 3 3 O ;/ ’j,; ; 3 . ; ' :  , 1 X y '.i ( ■ ■ 03; .3 , J ,  o f -  3
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The r a t i o s o o f  t h é  ( a x e s l a v e  t h u s t a l c i x i g  t h e  p o l a r  a x i s  . t o  ' b e : t h q :î/
l e a s t : -  ■ . 4iy--307. v % :
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: ‘ From t h é  f i g u r e s  , i n  t h e  'above t a b l e î  i t  ô'a'h th u ë  be è é é n " t h a t
/ the  v a l u e s  o f  K H d e r i v e d  by t h e ^ t w o ; ’m ethods  h g f e e ,w e l l ;  s p e c i a î î y  i  
t b q .p r o b a b le  e r r o r s  q f  -the d e t e r m i n a t i o n s  a r e  c o n s i d e r e d ,  A p o i n t  o f  
s o ;#  i n t e r e s t  i s  t h a t  q u i t e . g o o d  ag reem en t  i s  o b t a i n e d  oven  when th e  
r a t i o s  o f , t h é  i iumbers  o f  s t h r s  b e l o n g i n g  t o  t h e " t w d ; d r i f t s  d e p a r t  
c o n s i d e r a b l y  iroin t h e  assuAe.d^;Vadue : o f  d r i i ty  . T h i s ' e s p é c i a l î ÿ  i s  t h e  
b a s e  f o r  th e  v a l u e s  from t h e  s é c ô h d  volume o f  th e "C a p e  A s t r ô g r à p h i c '  
Zone c a t a l o g t i e s  , ’ In'^t h é  p à p é r  ' d e s c r i b i n g  t h é  a n a l y s e s  o f  ’t h e sé  '
p r o p e r  m o t io n s ,  i t  i s ,  hov/ever,  s t a t e d  t h a t  t h e s e  'a b n o rm a l ly  h i g h '  
v a l u e s  a r e  p r o b a b l y  s p u r i o u s  /  b e i n g  J q c c à s iq n e d  by t h e  u n c e r t a i n t i e s '  
i n '  t h e  d e t e r m i n a t i o n s  q f  t h e  " "d r i f t  c o n s t a n t s , e s p e c i a l l y  t h o s e  o f  
D r i f t  I I , The abdvé r e s u l t s  would s e e k  t o  c o n f i r m  t h i s  -  t h a t  i s , 
t h é ■d r i f t  r a t i o  f o r  t h e  s ta r s*  o f  t h i s  c a t a l o g u e  i s  p r o b a b ly  c l o s e  t o  
u n i t y ,  a s  was t h e  ca se  f o r  t h e  f i r q t  . c a t a l o g u e  , ; ; , . /  P l  -  ; /
/ ; . The b e l i e f  t h a t  t h e . s t a r s  a r e  e q u a l l y  d i y i d o d  b e tw een  t h e  -
two d r i f t 8 t h e r e f o r e p e r h a p s , r e c e i v e s  some s u p p é r t ' l r o m  t h e s e  
r e s u l t s  , * Unf o r t u n a t e l y  ; as'; q t t  i s  h o t  p ô s è i b l é ;  t o  d e t é r in l h e ^ th e  ' ' 
p r o b a b le  e r r o r s  o f  t h e  v a lu e  é o f  t h e  r a t i o s  ;6 f /  t h e l h u m b e r s j 'o f - ' s t a t S  Y 
i n  t h e  two d r i f t s ,  t h i s  q u e s t i o n  cannot*  be ' s é t l l B d i 'T h e ^  r é a d ï t s ;  o f  ' ' '  

y sbme^ r ç c q n t  i n v e s t i g a t i q n q  have s u g g e s t e d  t h a t  t h e u r ^ t i q / . i s h i g h e r  
fo r-  t h e ; e a r l y  ty p e  s t a r s ,  o f  t y p e s  B8 -  F 5 , t h a n  f o r  t h e  l a t e r  t y p e s ,  
f o r  which i t  i s  n e a r l y  u n i t y , The h i g h e r  v a l u e s , f o r  t h e - e a r l i e r  . type 
s t a r s  , how ever ,  may o n l y . b e  th e  e f f e c t s  of; e r r o r s  /  i'i.-

7 ,  ' * The a n a l y s i s  g i v e n  i n  t h e  p r e c e d i n g  s e c t i o n s ;  was b a s e d  on
th e  a s s u m p t io n  t h a t  t h e  d i r e c t i o n  o f  t h e  m a jo r  a x i s  o f  t h e
v p l o c i t y  e l l i p s o i d  vfaa' i d e n t i c a l  v/xth t h e ‘d i r e t . i o h  o f  r e l a t i v e  môtxon 
of  t h é  two d r i f t s .  The r é  è l i l t s  o f  Xthe* a p p l i c a t i o n ,  o f  th e ,  r e l a t i o n ,  
d e r i v e d  on t h i s  b a s i s  i n d i c a t e ' t h a t '  t i i e r e  i s  l i t t l e  d i f f é r e n c e '  .* \ ; 
b e tw een  t h e  o b s e r v e d 'a n d '  the* * e q u iv a ï é h t^  e l l i p s o i d s  . \ .. v '

In  t -h is  . s e c t i o n ,  . t h é  a n a l y s i s  i h  "thé p r e c e h l h g ' J S e c t i q h s T i s  
e x te n d e d  t o  c o n s i d e r  t h e  e f f e c t s  o f  "a d i v é i g ë h c e 'h ë t w é e r i  t h e  two,

' d i r é c t i p i i s .  . ;  • , .. y  - - .y \  , 'V . y  , 3 3 .  j; =, , ' ii: : /  .I  ̂ f '  ̂ f '
As i n  t h e  p r e v i o u s  a n a l y s i s ,  t h e  - form s o f  t h e  d i s t r i b u t i o n  

f u n c t i o n s  t h a t  v / i l l  be' u s e d  a r e  t h o s e  r e f e r r e d  t o # x e ; s  .w x th ‘̂ ;6rigiri' ' 
a t  t h e  C e n t r e  o f  r e s t  ô f   ̂a l l  à t a r s  , Wé h v i l l  * t a k e  t 'hèsé  ax es  t o  l i e  . 
a lo n g  th e  ; t h r e e  ..axes o f  t h e  v e l o c i t y  q l l x p s o i d v  The n ; f  o r  / 1 he A v e 1 o c i  ty  

■ e l l i p s o i d i ' 3 w e  -now-have Î 7' * ..noii.h^-'Uyo er ù  ̂J . x t c x i n / aJ';!:...;, '
yV/V) = nKH j ,  éxp.(rK''Ù/-H*;V^ (7 ,1 )

T h is  i s  a  g e n e r a l i s e d  fo rm  o f  th e  f u n c t i o n  u s e d  i n  the -  p rev ious^ i  ; q l  
s e c t i o n s .  F o r  t h é  t w o - d r i f t s : t h e o r y ,  t h e  d i s t r i b u t i o n  f u n c t i o n  w i l l  
no\v b e : -  A * '  ̂ -F ~ Ar' . ■ ■ ‘ . F

'f '%(U,V,W)= n, h ^ e x p l -h ^ d r -Q ,  ?  + (V-R, ) + (W-S, ) ' j  _
. , +n;LhJexpï-h^(Ü+02.)̂  ̂+ W+Rs-)+(W+S^ J ■ ( 7 , 2 )

Then,? i f  ..N* i s  . t h e  number cof  s t a r s  -/withi U 0 ,  ? f  o r  . : a l l . , v a l u e  s ( o f  : V and 
Wj on t h e  t w o - d r i f t s  t h e o r y ,  we have. I -  -  Id a)-,oJF

, ' ' . ' I # '  = I ,̂(i+0CT,)) .+M41.-6 Ct̂ )̂ ' :  (7,3)'
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two d r i f t s  h I t  must be r io ted  t h a t '  t h i s  f e i a t i o r i :  dbéëy riot" im p iy  *ÿh'at i
an a n a l y s i s  o f  p r  ope r -m o t  io ris  o h ' , t h e  ë l l i p é ô  i d à i  -thé q iÿ  ; Wiil-^ y i é i d  *  ̂ ’

'•an â x i é - r ’à t i o  e q u a i - to '  t h a t  •“ g ib e  ri b y  (-5 » 11)^ f  ro'm/ al tw o- d r i f  të^  " A; , y î  \ =.
■ ana ly s is '  b f  th e - 'W 6 é '  m a t e r i a l ,  ' T h é v a l u e !  g i v e n ; b y  ' H ) t 4'^' thw' / /
a i i s  r  r  a t  i b ‘ o f  th é  b e l  6 c i t  y * é i l i p s é i ' d  ’ t h a t -  w i l l - ' y i e l d  ; t  hé'-* 'S amé- v à l ù é è
f o r  ' th é  " mean - s p e e d s '  a l o n g ’t  he - a x i s '  ' ô f  s t a r - s t r  e am ingf  - t h a t  i è , 1 "  i t i  '

■ • i s  trie ■- aicis - r  atmo' o f  t h e  é i i i p d p l ’d, i  ê q u i v a l e r i t  ■* t  o - t r ié '  tv/o- d r i f t s  ly Y;' : 
■ s o l u t i o n  ' (D: V1 6.D .DD A ' ; p /'-/'À " f  vy j. / dd/ ; ' - - / yu-lU'/' ÿ i / y  f\ue.:h:-ùl' ..
. ■ ■ ’• A s /w i th '  S mari t  ' s*' f o r m u l a , y ' i t  ' i s - ' s t r  ië t - iÿ - ’- 6 nl'y-' a p p l i  c a b l  é ;
; whbn; . t h e àr&3 a r e  ‘ ép u a l ly ry ,a iv id ed  two, dr.fff,S;i. The" / y * /  : ■

r e l a t i o n  i s  n o t ,  however,,; l i # t e d  t o  a  r e g i o n :  o f  they  qky;, r .a s . is^y.y 
Smart *s f o r m u l a ,  b u t  a p p l ie . s  t o  t h e  . w h o l e / s k y . I t y i s i  e n s l ly r . s h o w n ,  
however,  by a s i m i l a r ,  a n a l y s i s j  t h a t  t h e  r e l a t i o n  a l s o  a p p l i e s  t o  a. ■- 

; r e g i o n  o f  : the :  s k y , :  Here/,,, i f  . hV& ,6\%n , hV^ , 6 : and ' iq, : a ren ' t  he d r  i f  t '  \ :
; c o n s t a n t s  o f  a  r e g i o n ,  t h e n  th e  1 oca 1 v a lu e  ,6f  ; :  ( s a ÿ ) ,1 i s '^̂ 'Jÿ' 
■■^yen.by,"* . ■ ,, = ■ ' ; F / a  ;vdd/•-id , -o:.;;/')
V ' ! 2 x '  = /  ( ' h v ; S ï h 6 | - h v y i n 0 i - r '  + - ' (h V ,G p s e , -  .hV-^^ ÿ 5 9 / 1 2 )

By using'''-1 hé 1 b e a l  va lue"  6f  d e r i v e d  above  i n  ; (5 , 1 1 1 , t h é '* l o c a l  ‘ : 
v a l u e  of. t h e  a x i s - r a t i o u s u a l l y  w r i t t e n ,as  k / h  , can  be f o u n d .  The ; 
p o s i t i o n ,  a n g le  o f  the, ye r t  ex  i n  th e  r e g i o n  can  a lso -  be de t  eri mi né d ; 
frmm th e . ;d x  l o c a l '  d r i f t  c o n s t a n t s  , a s  , i f  i t  i s  Gy, t k e n ^  ' ; y

: : V  ^ hV, 8 in 6 ,  -  hV^SinO:, - i r l - .
D = Cos 6* "  .bVa. Çps 6  ̂;i ori'. , 1, :: ' on J /y c  Qv JüoI d ’

Thus, from ( 5 , 1 2 )  ’ arid '0 5 ,1 3 )  * ée" may ' c a l c u l a t e  t  hé' b  b ns  t a r i t  s  b f  J t  he :  - 
' v e i o b l t y ' è l l i p s o m d  f iom  t hé d r i f t  - a n a ly s i s : '  o f  a - r e g io n , - :  i t ,  b é i r ig / / - - ; '  

assumed t h a t  t h e r e  a r e  e q u a l  numbers o f  s t a r s ' : ' i n  e d c h l d r i f t  ; T hese  
can t h e n  be combined' d i r e c t l y -  'to g iv é  th e  v e r t e x  . d i r e c t i o n  and t h e  , 
a x i s - r a t i o  o f  th e  e i l i p ' s  b i d ,  .w i tho u t  r e c o u r s e  -to t h e ' - # t t r i o d  ofFyAl 
s ü c c é s s i y e  , a p p r o x im a t i o n s  g i v e n  ' by S m a r t , . "V"/ ' ’ ' ■ i

' i t '  a l s o  may be rio ted ' t h a t  i f - t h e *  t w o h d r i f t s  arid the* F / h F F 
e l l i p s o i d a l  d i s t r i b u t i o n s  a re '  to .  hav 'e \ ' thè  same" a x e s t h é  ri Schwarz'-- 
6 ç h i l d * s  f b rm - p f  t h e  e l l i p s o i d a l  t h e b r y y n u s t j  hé u s e d ; . ,T h i s  f o l l o w s  
f  .L'bm ('5) 7 ‘) i ('5 )'80 and ( 5 , 9 ) #  V*  ' dc u , .. . : ,

F:-\ ‘ UD. ■ •iF'.F.:; -; i  ^  ' • f l : ' l  ' F - : :  u'h.: '
6 .  / I n  T ab le  I ,  b e l o w t h e  va lues .  > o f  t h é  f u n c t i o n  Mt*c) arey g i v e n
f  01F a ra n g e  o f  v a l u e s  b f  , trie r a n g e  c o v e r in g s  t h e  j v a l u e s  o b t a i ù i n g  
in/nmost i n v e s t i g a t i o n s , In  T ab le  T I , .the v a l u e s  off; I ^ H , c a l c u l a t e d  :

. D -  . . 3 . ? :  / ' ;V. - F  ' / ;A B L È ; . I  y 3 3 : ’F ; ,  ■ i ; ^ ' i  - . F  ,
; K/h , , , K/H :  K/H , . . f  T , , . o ' . K f e  v.V Dùk" V h D 3

. 0.0 1.0000 0.3,; 0.9178 0. 6. 0 .7 4 6 3 . .00-.9 0 .5807 .  1.2 ■, 0 .4602 , .  ■;
• 0 . 1  0.9,902 .0;.4.. 0. 8652:3 O,*7 ] 0 . 6 8 8 o ; o F o /  6 f ^ 3 7 F { '1 . 3  r ,0 .4 2 8 p : ,  c: :
0 . 2  0 .9 6 1 8  :.0,.5„ 0 .8 o 6 4 . 3 .0 , , 8 : , 0 . 6 3 3 1 : D l i l o : o , 4 9 6 4 ; 3  1 . 4 ::v0 . 3 9 9 F . : )  /

l . / C
f r b m  e q u a t i o n  ( 5 , 1 1 )., f o r .  a / n u m b e r  o f  “' t w o - d r i f t s  . s o l u t i o n s , a r e

. *  • F  ' 4^ T f  . • '  ; 4 F . , F /  * J /  ' * - i  - '  ̂ 4 F . * • ■

compared; w i th  t h e  v a lu e s^  o f  rK,YHi d e r i v e d  f r .p m ;a n a ly s e s  o f  t h e  samp 
m a t e r i a l ,  by, S c h v /a r z s c h i ld  * s.. a u t o m a t i c / m e t h o d .  The f r i s t f c b l u m n r i n  : 
t h e  t a b l e  g i v e s  th e  s p u r c e s  q f  t h e  f i g u r e s f  iri^ e a c h  rqw1 ;The séqqpd  
column g i v e s  th e  s p e c t r a l  g ro up  i n v o l v e d .  I n  t h i s  co lum n, th e  le - t t e r - , :  
F . r e p r e s e n t s  the .g roupm rig  A5 -  F 5 , G t h e  g roup  ,f 8 -  G5, K t h e  g ro u p



■f ro iy v è q u a t in g  N&Fto N". and U* t o  ü" q n  y t h e . . , t w o s t h e o r y .  -ESom, ( 
(3, 8) we have- -  ' N" = N:V; . G(t, , û )  \  . -  : D v / f /
w hence , . f o r  N* t o  e q u a l  N"., we must have -  ’
V F f  3 , . ' , G ^ , % )  =yQ f  y /  . . . " f f / '  ( 5 , 1 )  -
AlsoFfrom  ( 4 , 4 )  and ( 4 ,5  ) ,  . f  or. "ilj ' t o  ê 'dùal  tf"  ̂ ’ We must agdxn'ybave 
t r ie fa b o v e  c o n d i t i o n .  T h is  i s  t h u s  '*t h e ' p i im àf y c o n d i t i o n  f o r  ' r ë i a t i n g  
t h e  two t h e o r i e s . W r i t i n g  . i t  o u t  f u l l y ,  i t  i s * -  f ' - /  . . i .

' 3? : : , 3  vS u b s t i t u t i n g  - fb t  “ i n ( 5 , 2) ‘ î rom ' (?-Vl); a?hd p u t t i n g  ■̂ ol‘ = n, ) n-g^dhd (3= h-a^ïh/i 
-we . . o b t a i n ; -  ■ ' %  : (5^h)

; ' t 
( V . / ; Now i n  a l l  p r a c t i d a i  a p p l i c a t i o n s  ^ b f j t h e  t w o - d r i f t s  t h e o r y  

i t F p s  } a s s u m e d  t h a t  h v =  h ^ =  h  ( s a y  ) v a r i e r  e  l . / h  i s ,  u s u a l l y ‘' d e f i n e d  t o  
b e  t h e :  t h e o r e t i c a l  u n i t  o f  v e l o c i t y /  H er icè  i n  ( 5 , 3 )  we m ay  v / r i t e  [3=1,. 
T h e n ,  o n  e x p a n d i n g  t h e  f U r i c t i o È ^ (TiÿY ( 5 ^ 3 ) ^ b ê c o m ë s 1 4 ' ' '

3 . "  :  3 , 3  . ■ :

We now p u t /  = T f T D a n d i ^ c ^ z ^ t . ^ T h e i n o n d i t i o n  now b e c o m e s ; -r i  0 /
j W i " 4 ' : - ë  d -F'  /  ;.F:

' u 1% ;  k  ^ ■ F r : ; : ;  . i f  1 5 , 4 )f  •-

0 j  j ;  ii - T h u s ^ i t h o  ( j Q o n d i t i Q n 3> g û v e r n i n g  t h e  r ë l a t ^ p i ) .  o f  o t r i é  r w ô F l  1
h t e o r i e s  i s  t h a t ,  a s  h  |  i è  t a k e n   ̂t p ;  J b e  e q u q l v f e Q .  - . h i   ̂ ; w e  . i m u s t - / h a v e  f n y  
n  I = n ^ a n d  h e n c e , f r o m  ( 2 , 1 ) , ; % , . . =  ^  = ' x  ( s a y ) .  We t h e n  h a v e

■ ■ u '  = , . u "  = . ^ F j L ^ . g 0 j . .  ■ ( 5 , 5 )

Now t h e  number o f  s t a r s  ;whiçh, f o r ; a l l  v a l u e s  o f  U, 
have v e l o c i t i e s  b e t weë ri;V and V+dy and W and W+dW, 6n  t h e  tWo- d r i f t s

. Tl  =D/i ;;■ 3 o .uoa: :■ i>c; :■ / ^ " v j. j  dv
But we. hqve j u s t  shown t h a t  i n  o r  d e n  ytp: : ;r e 1 a t  é < t  h is ,  r e s u l t ,  3 to: the; 33 
c o r r e s p o n d i n g  r e s u l t  g i v e n  by, t h e ■e l l i p s o i d a l  t h e o r y ,  we must t a k e  
h i  = :h^= h '.and n, = .n i=  n / 2. ^

• • • 0 )  ■ .
On vithe e l l i p s o i d a l  t h e o r y  I -  'Ff; t .

TT
;d. , : D 1 .(5 , 0 )

I t  t h e r e f o r e  f o l l o w s  t h a t , E R  i k s  t o  r i e l a t o  t h e  t w o - d r i f t s  t h e o r y  to  
t h e  .e l l i p s o ï d a l must  'x d é n t i î^ y  ri" ^ I t h  H / ' t r i r i t '  ié;:^ noa.^D/FF; d: /

. : F  / ■  ■ ■ 3 3 D  . F j  0 0  - 1 , : .  F c ^ ; . ^  V  . ^ y v  3 , 7  v  ^0 , , j  F F - - - ^

(5 ,5Fyiow, becomes ) y , .  ^ i  a  . ; f ^ ' i o )

HeH99ii;.:as:vfrLO.m,--(4,;.6),;..we .hay,e::,) (Wy,t.he,.oiap.8bid^I'Akeory,,,:,;U'L=U"=1 K % -r
. :■ j; ■; c .Vôüj/i fiici,. K3.0'i ,rù <s T< v . !i3‘L; ..Vir*/irY-'0 "'■"'"■"Yb: 'V3Â, ■ . . » # •■üf “  ' *‘*T— ' — r i A i  J. .  XX /'ai. 113 ac .  Füvf.LD -c v ..fç:* A e q  q c o ;  f ' a lia , j f  ,■ F-• ./o / /■ '“

<? + T J i r y ( x )  ,1 :-Cj 0C..1 a..La. C :  . f  ; . i'iO.: .F: D'j:..:;.' CV.rJDf F F  0.(Fi', J\F cCCa /.ùDi. ‘/ Ü J J a C  F'D)
-.v:,■; .-i.il ..ü J: '.'Wej hay.ej- .j^bus,- d e , r l v e 5 ; , . j a A ' . e x p r , e s . s i o ,n ; ; f p , r ï . t . h e a r a - t : i o . l o f - . - . t h e . j

i t b e ; .v e , l o q i t y l e r l l & p s o i d ,  i  t h e ,  , r . e l . a t l y . e a 8 p e e J c l s . ' o f i. t h e



= .h ,  ( u  -  Q / )  a n d  r ,  = 1 / 0 /  v;v c ,/  ' r r n r , i . i C . / y : ;  (-5 / T ) ?
ï h é n  we h a v e : -  ' : '  • ‘ ' :  4 - y y  %;'; y - ü , !

A  ; D e f i n e  .. / j ? © ( a ) =  z f A ' A  A -  "  ' 7  V : U - ; . "  ' f  , ’ •■ F "  '

:  ̂ ; : ; s i S | r i F  ;;; 4 2  g  ' ;  A  A  _ K f i Z i

" ' . ' " " A  '  ? • :  ■; 2 N F A F f F f r ^ ( ^ A Â # f e ÿ  A Â . 5 ) '
By ' t h e  s a m e  m e t h o d s ,  i f  N" = NB f - N J '  .be  t r i e  n u m b e r  o f  s t a r s  w i t h  
% 6  f o r  a i l  W l u e s  o f  V r ind IV, t h e r i : -  ' /  /- ; f  \

\  2 N" = '  n  A t 3 ,'6 )
F . :f ,  ̂ ;.:3, . , A / \  F  (3,7)  , 

4 :, . ; . . : 4; 4 U,.0 , ; : i .
,. ' i" '  1 ; ,■■'■'.■ I . : A A  1' C ,f. 'Vr. :- V 3 . f_i j, -3. r, - 5 ■■■..■{,;;

• 0 :  ̂ t A  h e  . wq , h a %  k 3

= F A A r i A A ' . = = : W 2?D : A  ' : : 4  ̂ 0 , 9 )

4 . I f  we v / i i t é / U *  f o r  t h e  m e a n  j s p e e d / i n ; t h e  p o s i t i v e A d i r e c t i o h  o f  
t h e  U - a x i s  , t h e n  o n  t h e  t w o r d r i f t s -  t h e o r y  v/e h a v e  I -

. N ' U '  = ( 4 , 1 )

W r i t i n g  T# f  o r  h ,  % ^and  %i_f o r  h ^ Q ^ a s  a b o v e  Y a n d  - p u t t i n g F = h  ^(TJ -  Q, ) 
a n d  ^  = h;J(U 4 Q ? )  we h a v e  , / i h  ^ 4 , 1 )  I -  : / / f ,'? - - dddd

. : 6 A '  • -  F " '  , 4

R e w r i t i n g  ( 2 , 1 )  we o b t a i n  I -  n , ' r # / h ,  = n 2,T%/h j*
' . ■ é'- A., . h, i F DF . F/.DV/ 4: F F- l'ï D--F5 le . •'■
:.,.■* . r r F - F :  ï  A,Tir A  ( "3 " -  Y, .  a o x . / s j s l ' r v  e . D ,

* .  U-l = - ' A G r  rg-')'-' T,J770(-,,)f 4 ’V^,r,r/>-hVT.YyaajT f i f - a ) ' , "
4 • ' i f G t - n y W j  : ' 4*4 ..4 / '  F

s i m i l a r l y ,  i f  U" i s  t h e  m e a n  s p e e d  i n  t h e  n e g a t i v e  d i r e c t i o n  o f  t h e
U -  a x i s , t h e n  À by  t h e  : a b o v e  {me t h O d s  % -  - ? - ••• - f F - / d f  f  f v  o:' . d . cd f

•■■ ''■ F ' '  = ’ ‘-^6y ■ ^ i È è f é r ^ ' r / - ' ' - ' '" ' -F F i  4
. Vt —. ■ d ( "  F" '  ., , -4Ff '4 .-,. .-. -  - .  -- 7  -

E ô r / c o n v e n i e n c e , we m ay  w f m t e  ( 4 , 2 )  a s J -  . %

yi = . / '  _ é/Y ' -Ay/  j-i: Fc:;: .. r F:

a n d  ' / h e n c e , U" = '  ̂ - / -  ■ -; ) '' ( 4 , 5 )  .

/ w-F-'̂ . ■ ; 1 .  :-A -.D’F-f,-' l : F/FA xj, iAIf a FfdxA . ofo: -.F'
T h e  e x p r e s s i o n s  f o r  t h e  m e a n  s p e e d s  U V . u n d  TJ" may a l s o  ,b e  d e r i v e d ,  . ..

*  - .  . . , ;  . . . .  ;:.-4 . '. . ' . F  r i -  ' ' i  D  ■ r -_! .i %; 1 .1 \  J. ..V , c -.; •

o n  t h e  e l l i p s o i d a l  t h e o r y . '  I n  t h i s .  c a s e ,  we o b . t a .m n , -

: _ r ' Ü* = U" = l / K ^ f  . A A/OFiF>cf ; ; G . . 0 ^ : 6 ) F

5 .  :  Wé h a v e -  d e r i v e d ?  t h e  ,-f a c t s  t h a t  ( i ) '  o h  ? t  h e  t w o - d r  i f  t  s '  t j i e o r  ÿ
t h e  n u m b e r  q f  s t a r s  v / i t h  c a b  d i f f e r  f r o m  t h e  n u m b e r  w i t h  U ( p ,
a n d  t h a t  ( î i )  t h e  m e a n  s p e e d  i n  t h e  p o s i t i v e '  d i r e c t i o n  o f  t h e  U - a x i s  
c a n  d i f f e r  f r o m  t h a t  i n  t h e  n e g a t i v e  d i r e c t i o n .  On t h e  e l l i p s d i d a l  
t h e o r y  t h e s e  d i f f e r e h c e s  d o  h o t : o c c u r f  T h u s^  t h é  f i r s t  c o h d i t i m n s  f o r  
p o s s i b l e b  i d e n t i t y -  o f  t h e :  tv /o  t h e o r i e s ' ^  a r e  t h o s e ; % h i c h ^ 'w e ' s h a l l  o b t k i h
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With t h e  a p p l i c a t i o n  o f  p h o to g rap h ic  

methods t o  p o s i t i o n a l  Astronomy a s  a  supplement t o ,  and in  p la c e  

o f ,  v i s u a l  m er id ian  o b s e r v a t i o n s ,  th e  number o f  w e l l  de te rm ined  

s t e l l a r  p o s i t i o n s  and p ro p e r  motions has i n c r e a s e d  more than  

t e n f o l d  s in c e  t h e  beg in n in g  o f  t h i s  century* Whereas in  1910 

th e  number o f  a c c u r a t e  p ro p e r  motions known V)as l e s s  than  

10 000 -  m os t ly  i n  th e  " P r e l im i n a r y  Genera l  Ca ta logue"  o f  L.

Boss -  a lm os t  a l l  o f  which had been de te rm ined  from v i s u a l  

o b s e r v a t i o n s ,  a t  t h e  p r e s e n t  d a te  t h e  nuniber n e a r s  200 000, 

o f  which o n ly  a  s i x t h  a r e  v i s u a l  de te rm ina t io ns*  The o th e r  

f i v e  s i x t h s  have been de te rm ined  e i t h e r  ivhole ly  or  i n  p a r t  

b y  p h o to g rap h ic  means*

There a r e  two ways in  which p r o p e r  motions 

may be  de te rm ined  by  p h o to g rap h ic  t e c h n iq u e s .  F i r s t l y  two 

pho tographs  o f  a  reg ion  o f  th e  sky, taken  a t  d i f f e r e n t  epochs 

s e p a r a t e d  by  some t h i r t y  y e a r s  or  so ,  can be  superimposed, 

and t h e  motions o f  the  s t a r s  on t h e  p l a t e s  measured r e l a t i v e  

t o  th e  f a i n t e s t  s t a r s .  These l a t t e r ,  having  no conspicuous 

p ro p e r  motion, a r e  d i s p l a c e d  on ly  by  th e  s y s t e m a t i c  e f f e c t s  

o f  t h e  p a r a l l a c t i c  motion and g a l a c t i c  r o t a t i o n .  The a b s o lu te  

p ro p e r  motions o f  t h e  s t a r s  measured can th u s  be  de te rm ined .  

A l t e r n a t i v e l y  p ro p er  motions  can be  de te rm in ed  from th e



c o m b i n a t i o n  o f  t h e  p h o t o g r a p h i c  p l a c e s  o f  é t a r s  a t  one e p o c h ,  

and  t h e  v i s u a l  m e r id ia n  p o s i t i o n s  a t  a n o t h e r .

By t h e  f i r s t  o f  t h e s e  m e t h o d s ,  t h e  p r o p e r  

m o t i o n s  o f  some 4 l  000 s t a r s  b e tw e e n  d e c l i n a t i o n s  and - 52°

h ave  b e e n  d e t e r m i n e d  by t h e  R o ya l  O b s e r v a t o r y ,  Cape o f  Good
t r e  jngKxat a l s o  uskH t h e  s e c o n d  m ethod  t o  o b t a i n  modern 

p o s i t i o n s  and p r o p e r  m o t io n s  o f  s t a r s  s o u t h  o f  d e c l i n a t i o n  - 3 0 ° ,  

e x c l u d i n g  t h e  above m e n t i o n e d  z o n e .  T h i s  l a t t e r  programme i s  

an  e x t e n s i o n  o f  t h e  Y a le  programme o f  t h e  r e - o b s e r v a t i o n  o f  

t h e  A,G. z o n e s  b e tw e e n  d e c l i n a t i o n s  +60° and - 3 0 ° ,

A l th o u g h  i t  h a s  b e e n  e s t i m a t e d  by S c h l e s i n g e r  

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

t o  an  a c c u r a c y  a p p r o a c h i n g  0 " . 2 ^ th e  p o s i t i o n s  and  m o t io n s  

f o u n d  a r e  l i a b l e  t o  a  number o f  e r r o r s ,  b o t h  o f  s y s t e m a t i c  and 

a c c i d e n t a l  n a t u r e .  I n s t r u m e n t a l  e r r o r s  d u e ,  f o r  e x a m p le ,  t o  

f l e x u r e  a r e  l e s s  i m p o r t a n t ^ p e r h a p s , a s  a r e  p r e s o n a l  e r r o r s  o f  

o b s e r v a t i o n ,  a l t h o u g h  b o t h  o f  t h e s e  may e n t e r  t h r o u g h  t h e  

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

o f  t h e  p h o t o g r a p h i c  p l a c e s  t o  c a t a l o g u e  p l a c e s .  M easurem ent  

e r r o r s  a r e , hovever, o f  i m p o r t a n c e .  The p h o t o g r a p h i c  image o f  

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

t h e  d i a m e t e r  d e p e n d i n g  on t h e  m a g n i tu d e  o f  t h e  s t a r  and  t h e  

e x p o s u r e  g i v e n  t o  t h e  p l a t e .  The d e f i n i t i o n  o f  t h e  image a l s o  

i s  l i a b l e  t o  a l t e r  t h r o u g h  t h e  p o s i t i o n  o f  t h e  image on t h e  

p l a t e .  Thus e r r o r s  o f  m easu rem en t  c an  e n t e r ,  dKK t s  d e p e h d a n t
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on t h e  m a g n i t u d e s  o f  t h e  s t a r s ,  t h e i r  p o d i t i o n s  on t h e  p l a t e s  

and  , c o n c e i v a b l y ,  on t h e  g r a i n i n e s s  o f  t h e  p l a t e .  S t a t i s t i c a l  

c o r r e c t i o n s  a r e  u s j t a l l y  a p i i e d  i n  t h e  r e d u c t i o n  o |  t h e  

m e a s u r e m e n t s ,  b u t  t h e r e  may r e m a in  a c c i d e n t a l  sekkhks r e s i d u a l  

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

f rom  t h e  v i s u a l  o b s e r v a t i o n s  o f  t h e  s t a n d a r d  s t a r s .  These  

e r r o r s  may be  l a r g e s t  f o r  t h e  b r i g h t e s t  s t a r s ,  t h e i r  image© 

h a v i n g  t h e  g r e a t e s t  d i a m e t e r s .

The g r e a t  a d v a n t a g e  o f  t h e  p h o t o g r a p h i c  

m ethods  o f  d e t e r m i n i n g  p t o p e r  m o t i o n s  i s  t h a t  by t h e s e  m eans ,  

p r o p e r  m o t i o n s  c a n  be d e t e r m i n e d  f o r  s t a r s  t o o  f a i n t  f o r  

v i s u a l  o b s e r v a t i o n ,  and  t h e y  c a n  be d e t e r m i n e d  i n  b u l k .  Whereas 

v i s u a l  m e r i d i a n  p r o p e r  m o t io n s  e x t e n d  b u t  t o  t h e  e i g h t h  

m a g n i t u d e ,  p h o t o g r a p h i c  m o t i o n s  have b e e n  d e t e r m i n e d  f o r  

t e n t h  and  e l e v e n t h  m a g n i tu d e  s t a r s ,  a n d ,  i n  some c a s e s ,  e v e n  

f a i n t e r .  The R a d c l i f f e  m o t io n s  i n c l u d e  s t a r s  down t o  t h e  

f o u r t e e n t h  m a g n i t u d e .  However,  f o r  t h e  f a i n t  s t a r s ,  w i t h  t h e i r  

s m a l l e r  p r o p e r  m o t i o n s ,  t h e  a c c i d e n t a l  e r r m r s  i n  t h e i r  

d e t e r m i n a t i o n  may e q u a l  t h e  m o t io n s  i n  s i z e ,  A f u r t h e r  t r o u b l e  

e n t e r s  i f  t h e  m o t i o n s  a r e  t o  be r e d u c e d  t o  a  common f u n d a m e n t a l  

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

have  usualH/y b e e n  d e r i v e d  f rom  t h e  b r i g h t  s t a r s  and n o t  f ro m  

t h e  f a i n t  s t a r s  t o  w h ich  t h e y  a r e  t o  be a p p l i e d .

I n  P a r é  I  o f  t h i s  t h e s i s , t h e  p r o p e r  

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



i n  t h e  d e c l i n a t i o n z o n e s  - 4 o °  t o  - 5 2 ° and - 5 0 ° t o  - 4 0 °  a r e  

ex am in e d  f o r  t h e  e f f e c t s  o f  p r e f e r e n t i a l  m o t i o n .  These  m o t i o n s  

were  d e t e r m i n e d  by  t h e  R o y a l  O b s e r v a t o r y ,  Cape o f  Good Hope, 

t h e  f o r m e r  zone by  t h e  p u r e l y  p h o t o g r a p h i c  m ethod  and  t h e  

l a t t e r  by  t h e  com bined  m e r i d i a n  v i s u a l  and p h o t o g r a p h i c  

p l a c e s .  Fo r  t h i s  z o n e ,  t h e  r q j i i s i t e  m a t e r i a l  was k i n d l y  s u p p l i e d  

by Mr, J , V . B .L o u r e n s  o f  t h e  Cape O b s e r v a t o r y  i n  ad v an ce  o f  

t h e  p u b l i c a t i o n  o f  t h e  c a t a l o g u e s .

The a im s o f  t h e  a n a l y s e s  were  t o  e v a l u a t e  

any  d i f f e r e n c e s  i n  t h e  c o n s t a n t s  o§ s t a r - s t r e a m i n g  ° ^

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

h t e  two t y p e s  o f  p r o p e r  m o t io n  a s  r e g a r d s  s t a r - s t r e a m i n g  a n d ,  

f o r  t h e  - 4 0 °  t o  - 5 2 ° z o n e ,  t o  d e t e r m i n e  t h e  e f f e c t s  o f  a change 

o f  t h e  b a s i c  s y s t e m  o f  r e f e r e n c e  f rom t h e  Cape s y s t e m  t o  t h a t  

o f  FIC3 , The maiin i n t e r e s t  i s  t h e  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  

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

s u g g e s t e d  by Blauuw and o t h e r  i n v e s t i g a t o r s ,  t h a t  t h e  c h a r a c t e r  

o f  t h e  d i s t r i b u t i o n  o f  t h e  {peculiar l i n e a r  v e l o c i t i e s  o f  t h e  

f a i n t  s t a r s  d i f f e r s  f ro m  t h a t  o f  t h e  b r i g h t  s t a r s ,

2.
V^hereas p r o p e r  m o t i o n s  c a n  be d e t e r m i n e d  

v i s u a l l y ,  w i t h  p e r h a p s  g r e a t e r  a c c u r a c y  a t  p r e s e n t  t h a n  by 

p h o t o g r a p h i c  m eans ,  t h e  v i s u a l  o b s e r v a t i o n s  c o v e r i n g  a  g r e a t e r  

p e r i o d  o f  tome t h a n  t h e  p h o t o g r a p h i c  o b s e r v a t i o n s ,  t h e  

d e t e r m i n a t i o n  o f  t h e  r a d i a l  v e l o c i t i e s  o f  t h e  s t a r s  have a l l
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b e e n  made p h o t o g r a p h i c a l l y  s i n c e  H ugg ins  a p p l i e d  p h o t o g r a p h y  

t o  t h i s  p r o b l e m .  P r e v i o u s l y  o n ly  a  v e r y  few r a d i a l  v e l o c i t i e s  

had  b e e n  m e a s u r e d  v i s u a l l y  by V o g e l . The number o f  known 

v e l o c i t i e s  i s ,  h o w e v e r ,  much l e s s  t h a n  t h e  number o f  known 

p r o p e r  m o t i o n s ,  s i n c e  e a c h  s t a r  must  be o b s e r v e d  i n d i v i d u a l l y  

and must  be o b s e r v e d  a  number o f  t i m e s .  A l s o ,  f o r  t h e  f a i n t e r  

s t a r s  t h e  e x p o s u r e  t i m e s  n e c e s s a r y  i n c r e a s e  v e r y  much more 

t h a n  i s  t h e  c a s e  f o r  t h e  d e t e r m i n a t i o n  o f  p r o p e r  m o t i o n s .

Whereas f o r  an  e i g h t h  m a g n i tu d e  s t a r  an  e x p o s u r e  o f  3 t o  6 

m in u t e s  w i l l  g i v e  a  s t r o n g  image on a modern  p l a t e  f o r  t h e  

d e t e r m i n a t i o n  o f  p o s i t i o n ,  t o  d e t e r m i n e  i t s  r a d i a l  v e l o c i t y ,  

t h e  e x p o s u r e  w i l l  a p p r o a c h  an  h ou r  and a  h a l f  f o r  t h e  

s p e c t r o g r a p h  p l a t e  -  f o r  a  t e l e s c p p e  o f  m o d e r a te  a p e r t u r e  (3 6 "-). 

Thus r a d i a l  v e l o c i t y  d e t e r m i n a t i o n s  have b e e n  made m o s t l y  f o r  

t h e  b r i g h t e s t  s t a r s  -  t h a y  a r e  now c o m p le t e  t o  a b o u t  t h e  

s i x t h  m a g n i tu d e  -  and f o r  f a i n t e r  s t a r s  o f  s p e c i a l  a s t r o p h y s i c a l  

i n t e r e s t  -  t h e  B s t a r s ,  t h e  g i a n t s ,  t h e  l iL te  t y p e  s t a r s ' f o r  

e x a m p le .  A n a l y s e s  o f  r a d i a l  v e l o c i t i e s  have b e e n  c o r r e s p o n d i n g l y  

l i m i t e d .  The m o t i o n s  o f  t h e  b r i g h t  s t a r s  have  b e e n  f u l l y  

exam ined  by N o rd s t ro m  and S m a r te d  G re en  and  many a n a l y s e s  o f  

t h e  e a r l y  t y p e  s t a r s  f o r  t h e  e f f e c t s  o f  g a l a c t i c  r o t a t i o n  

have  b e e n  made .  The c o m p a ra b le  d a t a  f o r  t h e  f a i n t e r  m ain  

s e q u e n c e  s t a r s  i s  v e y ^  l i m i t e d .

I n  P a r t  I I  o f  t h i s  t h e s i s ,  t h e  r a d i a l  

v e l o c i t i e s  o f  a  sam p le  g r o u p  o f  f a i n t  s t a r s  o f  s p e c t r a l  t y p e s  

F t o  M have  b e e n  a n a l y s e d .  Again  t h e  e m p h a s i s  i s  on m a g n i tu d e



v a r i a t i o n s  b e tw e e n  t h e s e  a t a r s  and  t h e  b r i g h t e r  s t a r s  exam in ed  

by t h e  same m e tho d s  by Sm art  ad G re e n ,

A l th o u g h  v a r i a t i o n s  w i t h  t h e  m a g n i t u d e s  

and s p e c t r a l  c l a s s e s  o f  t h e  s t a r s  a r e  s o u g h t ,  i t  i s  p r o b a b l e  

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

The e x a c t  n a  t u r e  o f  t h e  d i s t a n c e  v a r i a t i o n s  c a n n o t  be d e c i d e d  

u n l e s s  t h e  a b s o l u t e  m a g n i t u d e s  o f  t h e  s t a r s  u s e d  and  t h e  amount 

o f  t h e  i n t e r s t e l l a r  a b s o r j ^ t i o n  a r e  b o t h  known. F o r  t h e  0 and B 

t y p e  s t a r s  t h e s e  l a t t e r  can  be e s t i m a t e d  w i t h  a  r e a s o n a b l e  

d e g r e e  o f  a c c u r a c y .  A l s o ,  t h e s e  e a r l y  t y p e  s t a r s  a r e  a t  g r e a t  

enough  d i s t a n c e s  t o  y i a  d i s p l a y  d e t e c t a b l e  e f f e c t s  o f  d i f f e r e n t i a l  

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

t h e  v a r i a t i o n s  w i t h  mean d i s t a n c e  c a n  be e v a l u a t e d .  An a n a l y s i s  

o f  t h e  r a d i a l  v e l o c i t i e s  o f  a b o u t  1 600 s u c h  s t a r s  b e tw e e n  

g a l a c t i c  l a t i t u d e s  +20 ° and - 2 0 ° c o n t a i n e d  i n  t h e  r e c e n t l y  

p u b l i s h e d  Mount W i l s o n  " G e n e r a l  C a t a l o g u e  o f  R a d i a l  V e l o c i t i e s "  

c o m p i l e d  by  R ,F . W i l s o n , i s  o u t l i n e d .  A lso  t o  be u s e d  i n  t h e  

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

o f  a  number o f  t h e s e  s t a r s .

F i n a l l y  i n  P a r t  I I I  o f  t h e  t h e s i s  a  

t h e o r e t i c a l  i n v e s t i g a t i o n o f  t h e  r e l a t i o n  b e tw e e n  t h e  t w o - d r f i t s  

and t h e  e l l i p s o i d a l  t h e o r i e s  o f  t h e  d i s t r i b u t i o n  o f  s t e l l a r  

l i n e a r  p e c u l i a r  v e l o c i t i e s  i s  d e s c r i b e d ,  A r e l a t i o n  b e tw e e n  

t h e  r e l a t i v e  v e l o c i t i e s  o f  t h e  d r i f t s  and  t h e  a x i s - r a t i o  o f  

t h e  v e l o c i t y  e l l i p d o i d  i s  d e r i v e d , w h i c h  a g r e e s  w e l l  w i t h



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

3.
The r e s u l t s  o f  t h e  a n a l y s e s  o f  t h e  p r o p e r  

m o t i o n s  o f  t h e  " C a t a l o g u e  o f  t h e  P r o p e r  M o t io n s  o f  20 534 

F a i n t  S t a r s  i n  t h e  Gape A s t r m g r a p h i c  Z o n e " ,  o f  t h e  a n a l y s i s  

o f  t h e  r a d i a l  v e l o c i t i e s  o f  820 F a i n t  S t a r s  m e a su re d  a t  L i c k  

O b s e r v a t o r y  and o f  t h e  i n v e s t i g a t i o n  i n t o  t h e  r e l a t i o n s h i p  

b e tw e e n  t h e  t w o - d r i f t s  and  t h e  e e l i p s o i d a l  t h e o r i e s  d s e c r i b e d  

i n  C h a p t e r s  IV ,  V I I I  and  X o f  t h i s  t h e s i s  have  b e e n  com m unica ted  

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

i n  t h e  M on th ly  N o t i c e s  t h e r e o f . C o p ie s  o f  t h e  p a p e r s  a r e  

i n c l u d e d  a s  an  a p p e n d i x  t o  t h i s  t h e s i s .  The r e s u l t s  o f  t h e  

a n a l y s e s  o f  t h e  p r o p e r  m o t io n s  o f  t h e  Cape P h o t o g r a p h i c  Zone 

C a t a l o g u e s ,  Zones - 5 0 ° t o  - 3 3 ^ a n d  -33*^to -4o°, d e s c r i b e d  i n  

C h a p t e r  V have  n o t  y e t  b e e n  p u b l i s h e d  p e n d i n g  f u r t h e r  d i s c u s s i o n  

w i t h  Mr, J . v , B , L o u r e n s ,

4,
The i n v e s t i g a t i o n s  d e s c r i b e d  i n  t h i s  t h e s i s  

were p e r f o r m e d  w h i l e  t h e  a u t h o r  was a  R e s e a r c h  S t u d e n t  i n  t h e  

D e p a r tm e n t  o f  A s t ro no m y ,  The a u t h o r  w i s h e s  t o  ack no w led g e  h i s  

i n d e b t e d n e s s  t o  P r o f e s s o r  W,M,Smart and t o  D r , T , R , T a n n a h i l l  

f o r  t h e i r  g e n e r o u s  a d v i c e  and e n c o u ra g e m e n t  d u r i n g  t h e  

p e r f o r m a n c e  o f  t h e s e  i n v e s t i g a t i o n s , He a l s o  w i s h e s  t o  t h a n k  

t h e  D e p a r tm e n t  o f  S c i e n t i f i c  and I n d u s t r i a l  R e s e a r c h  f o r  t h e  

award  o f  a  M a in te n a n c e  G ra n t  d u r i n g  t h e  t e n u r e  o f  w hich  t h e s e  

i n v e s t i g a t i o n s  were  p e r f o r m e d .
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CHAPTER I

PROPER MOTION INVESTIGATIONS.

1 .  ■ . F ■; F F  '-V : -F.. . ■ . :
; I n  t h i s  s e c t i o n  o f  t h e  t h e s i s , i n v e s t i g a t i o n s

o f , t h e  s y s t e m a t i c  m o t io n s  o f  .the s t a r s ,  b a s e d  on p r o p e r  m o t i o n s ,

a r e  d e ae r ib e d .  The p r o p e r  m o t i o n s  .used i n  t h e s e ,  i n v e s t i g a t i o n s

a r e  f i r s t l y ,  t h e  p r o p e r  m o t i o n s  o f  t h e  Cape A s t r o g r a p h i c  Zone

C a ta lo g u e s ,  and  s e c o n d l y  t h o s e  og / the  Cape Pho tographm p Zone

C a t a l o g u e s  f o r  t h e  z o n e s  - 3 0 °  t o  -3 5  and  - 3 5 °  ,to - 4 o ?  The

a r r a n g e m e n t  o f  t h i s  s e c t i o n  i s  a s  f o l l o w s  %- .

( i )  i n  t h i s  c h a p t e r ,  t h e  m ethods  o f  a n a l y s i s ;  a r e  d i s c u s s e d

and  co m p a red ,  ‘ - ■ F /- /

( i i )  i n  c h a p t e r  I I  , t h e  Cape A s t r o g r a p h i c  Zone C a t a l o g u e s

and  t h e i r  p r o p e r  m o t io n s  a r e  b r i e f l y  d e s c r i b e d ,  t h e  

r e s u l t s  o f  p r e v i o u s  a h a l y s e s  o f  t h e  p r o p e r  m o t io n s  

i n  'the- f i r s t  volume a r e  d i s c u s s e d  and  t h e  a im s o f  t h e  

f o l l o w i n g  i n v e s t i g a t i o n s  s t a t e d ,  . ; . .

( i i i )  i n  C h a p te r .  I l l ,  t h e  p r o p e r  m o t i o n s  o f  t h e  Cape F 

A s t r o g r a p h i c  Zbrie C a t a l o g u e s  a r e  r e d u c e d  f rom

t h e  Gape s y s t e m  t o  t h a t  o f  t h e  PK j  and  t h e n  a n a l y s e d ;  

I t  i s  c o n c l u d e d  t h a t  t h e  r e d u c t i o n s  a r e  n o t  

s a t i s f a c t o r y ,

( i v )  i n  C h a p t e r  IV , t h e  p r o p e r  m o t i o n s  o f  t h e  f a i n t  s t a r  

volume a r e  r e - a n a l y s e d  on t h e  Cape s y s t e m  and  t h e  .



It

r e s u l t s  o f  t h e  a n a l y s e s ;  com pared  w i t h  t h o s e  f ro m  , 

t h e  b r i g h t  s t a r s  and  f rom  t h e  G.C.

(v )  I n  C h a p t e r  V , t h e  p r o p e r  m o t i o n s  o f  t h e  Cape

P h o t o g r a p h i c  Zone C a t a l o g u e s  f o r  t h e  - 3 0 ° t o  - 5 5 °  

and  t h e  - 5 5 °  t o  - 4 0 °  z o n e s  a r e  a n a l y s e d .  I t  i s  

f o u n d  t h a t  t o  e x p l a i n  some o f  t h e  r e s u l t s  o f  t h e  

- a n a l y s e s  f u t t h e r  a n a l y s e s  would  be r e q u i r e d .  These  

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

n o t  b e i n g  y e t  a v a i l a b l e ,

( v i )  F i n a l l y ,  i n .  C h a p te r  VI ,  t h e  r e s u l t s  o f  t h e

i n v e s t i g a t i o n s  o f  p r o p e r  m o t i o n s  a r e  s u m m a r i s e d .

2 .
T h a t  t h e  d i s t r i b u t i o n  o f  s t e l l a r  l i n e a r  v e l o c i t i e s  

i s  n o t  ran d om ,  a s  was o r i g i n a l l y  p o s t u l a t e d ,  v/as r e c o g n i s e d  by 

K a p te y n  a t  t h e  t*Ji«i»£*^of t h i s  c e n t u r y ,  and  i t i l  1904 he annou n ced  

h i s . d i s c o v e r y  o f  t h e  two s t a r ,  s t r e a m s ,  t h u s  o r i g i n a t i n g  t h e  

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

T h i s  t h e o r y  was d e v e l o p e d  by E d d i n g t o n ,  who,, i n  a  p a p e r  

p u b l i s h e d  i n  .1 9 0 6 . ( l )  p u t  t h e  t h e o r y  on a  m a t h e m a t i c a l  b a s i s ,  

and  d e t a i l e d  a  m ethod  o f  a n a l y s i n g  p r o p e r  m o t i o n s  on t h i s  t h e o r y .  

T h i s  m e th o d ,  known a s  E d d i n g t o n ' s  " T r i a l  and  E r r o r Y m ethod  i s  

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

on t h e  t w o - d r i f t  t h e o r y .

An a l t e r n a t i v e  v iew  o f  t h e  d i s t r i b u t i o n  o f  

s t e l l a r  l i n e a r  v e l o c i t i e s  was s u g g e s t e d  by S c h w a r z s c h i l d  ( 2 )



i n  190,7 and gave  r i s e  t o  t h e  e l l i p s o i d a l  t h e o r y ,  i n  1908 he . 

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

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

p o s i t i o n  a n g l e  ( 3 ) » T h i s  m ethod  i s  known a s  S c h w a r z s c h i l d * s  

a u t o m a t i c  m e th o d .

I n  t h e  " T r i a l  and E r r o r "  m e th o d ,  t h e  d i s t r i b u t i o n  

c u r v e  o f  t h e  p r o p e r  m o t io n s  i s  d r a w n , - w i t h  o r d i n a t e  t h e  number 

o f  s t a r s  moving i n  a  g i v e n  s e c t o r  o f  p o s i t i o n  a n g le  -  u s u a l l y  10 

an d  a b s c i s s a  t h e  p o s i t i o n  a n g l e .  T h e o r e t i c a l  c u r v e s  a r e  t h e n  

dxawH c a l c u l a t e d  and  com pared  w i t h  t h e  o b s e r v e d  c u r v e  u n t i l  t h e  

b e s t  r e p r e s e n t a t i o n  i s  o b t a i n e d .  T here  a r e  f i v e  c o n s t a n t s  t o  

be d e r i v e d ,  t h e s e  d e f i n i n g  t h e  t h e o r e t i c a l  c u r v e .  I n  p r a c t i c e  

t h e s e  a r e  e s t i m a t e d  f ro m  t h e  o b s e r v e d  c u r v e  an d  t h e  c o r r e s p o n d i n g  

t h e o r e t i c a l  c u r v e  d raw n .  T h i s  :i s  com pared  w i t h  t h e  o b s e r v e d  

c u r v e  and  r e v i s e d  v a l u e s  o f  t h e  c o n s t a n t s  o b t a i n e d .  The new 

c u ry e  i s  now drawn and  t h e  p r o c e s s  r e p e a t e d  u n t i l  t h e  b e s t  ' f i t ’ 

i s  o b t a i n e d ,  3

I n  S c h v / a r z s c h i l d * s  a u t o m a t i c . m e t  h od ,  no c u r v e s  

a r e  drawn and t h e  p r o c e s s  i s  e n t i r e l y  a  n u m e r i c a l  m e th o d .  The 

n um bers  o f  s t a r s  moving i n  q^G^brants a r e  c o u n t e d  and t h e  p o s i t i o n  

a n g l e s  a t  w h ic h  c e r t a i n  c o m b i n a t i o n s  o f  t h e  c o u n t s  d i s a p p e a r  

a r e  d e r i v e d .  These  a r e  t h e n  u s e d  t o  d e t e r m i n e  t h e  o t h e r  two 

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

On e a c h  t h e o r y  t h e r e  i s  an  a l t e r n a t i v e  m ethod

o f  a n a l y s i s  o f  t h e  p o s i t i o n  a n g l e  c o u n t s , The { t w p - d r i f t  

a n a i y s i s  c a n  be p e r f o r m e d  by a  n u m e r i c a l . m e t h o d  b a s e d  on 

a  F o u r i e r  a n a l y s i s  o f  t h e  o b s e r v e d  d i s t r i b u t i o n ,  b u t  i n



i J

{ p r a c t i c e  t h i s ' m e t h o d  h a s  t u r n e d  o u t  t o  be i n d e t e r m i n a t e  i n  

some a s p e c t s .  S i m i l a r l y  t h e r e  i s  a, g r a p h i c a l  m ethod  o f  a n a l y s i s  

b a s e d  b n  t h e  e l l i p s o i d a l  t h e o r y  which  i s  r a r e l y  u s e d  and  i s  

l a b o r i o u s  i n  a p p l i c a t i o n ,

The q u e s t i o n  o f  w h e t h e r  one o r  o t h e r  o f  t h e s e  

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

o b s e r v e d  d i s t r i b u t i o n  o f  s t e l l a r ' p e c u l i a r  v e l o c i t i e s  t h a n  t h e  

o t h e r  i s  n o t  one t h a t  c a n  y e t  be s e t t l e d .  O b j e c t i o n s  have  .at 

t i m e s  b e e n  r a i s e d  a g a i n s t  t h e  t w o - d r i f t  m ethod  o f  a n a l y s i s  by 

t h e  " T r i a l  and  E rro r* '  m ethod^on  t h e  g ro u n d s  t h a t  i t  dep en ds  

overm uch  on t h e  i n v e s t i g a t o r s  p e r s o n a l  ju d g e m e n t  o f  what  

c o n s t i t u t e s  a  f i t .  T h i s  i s  e s p e c i a l l y  t h é  c a s e  when t h e  o b s e r v e d  

c u r v e  i s  a f f e c t e d  by i r r e g u l a r i t i e s .  However,  i n '  t h i s  m ethod  

o f  a n a l y s i s  t h e  c u r v e , i s  drawn and t h e  i r r e g u l a r i t i e s  can  be 

s e e n  and  t h e i r  e f f e c t s  c an  be e v a l u a t e d  a l t h o u g h - i t  i s  a  m a t t e r  • 

f o r  t h e  i n v e s t i g a t o r  t o  d e c i d e  what w e ig h t  he w i l l  a t t a c h  t o  

a  g i v e n - d e p a r t u r e  f rom  s m o o t h n e s s .  I n  t h e  e l l i p s o i d a l ,  a n a l y s i s  

by th e .  a u t o m a t i c  m e t h o d , t h e  e x a c t  e f f e c t s  o f  i r r e g u l a r i t i e s  

a r e  unknown a t  t i m e s , a n d  t h e y  c an  have a  g r e a t  e f f e c t  on t h e  

d e t e r m i n a t i o n s  o f  t h e  p o s i t i o n  a n g l e s  a n d , h e n c e , on t h e  o t h e r  

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

e l e m e n t  o f  p e r s o n a l  ju d g em en t  a l s o  e n t e r s  i n t o  t h i s  m ethod  o f  

a n a l y s i s  when t h e  i r r e g u l a r i t i e s  a r e  p r e s e n t .  Tv/o,e x a m p le s  a r e  

shown i n  F i g u r e s  I  hnd I I ,  t h e  f i r s t  r e f e r r i n g  t o  t h e  d e t r m i n a t i o n  

o f  t h e  p o s i t i o n  a n g l e  o f  t h e  s o l a r . a p e x  a n d  t h e  secmnd t o  t h a t
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o f  t h e  m a jo r  a x i s  o f  t h e  v e l o c i t y  e l l i p s o i d .  I n  e a c h  c a s e  i t  

i s  r e q u i r e d  t o  d e t e r m i n e  t h e  p o s i t i o n  a n g l e  a t  w h ic h  t h e - c u r v e s  

c r o s s  t h e  a n g l e  a x i s ,  and  i n  e a c h  c a s e  i t  i s  e v i d e n t  t h a t  t h e r e  

w i l l  be a  c o n s i d e r a b l e  u n c e r t a i n t y ,

- I t  c a n  a l s o  hap p en  t h a t  t h e  n e t  e f f e c t  o f  

t h e  i r r e g u l a r i t i e s  hê  i s  z e r o .  I t  i s  t h u s  i m p o s s i b l e  t o  

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

m o t i o n s  i n  p o s i t i o n  a n g l e Î t h a t  one t h e o r y  g i v e s  a  b e t t e r  

r e p r é s e n t a t i o n  t h a n  t h e  o t h e r  o f  t h e  o b s e r v e d  d i s t r i b u t i o n .

I n  r e c e n t  y e a r s  a  method o f  a n a l y s i s ,  b a s e d  

on t h e  m a g n i t u d e s  o f  t h e  p r o p e r  m o t io n s  h a s  b e e n  r e c e i v i n g  

more a t t e n t i o n  and  h a s  b e e n  u s e d  by a  number o f  a u t h o r s .  The 

m ost  s t r i k i n g  f e a t u r e  o f  t h e  u se  o f  t h i s  m ethod  i s  t h a t  i t  

a p p a r e n t l y  g i v e s  no d e v i a t i o n ,  o f  t h e  v e r t e x ^  -  f o r  t h e  l a t e  

t y p e  s t a r s .  The a p p l i c a t i o n  ofl t h i s  m e th o d ,  h o w e v e r , . r e q u i r e s  

A##*#*##*#: t h a t  t h e  s o l a r  m o t i o n  W  known t h e  'mean p a r a l l a x e s  

o f  t h e  s t a r s  c o n c e r n e d .  T h is ,  m ethod  h a s  n o t  b e e n  u s e d  i n  t h e  ■ 

s u b s e q u e n t  a n a l y s e s .

: . ■ ■ , / , . /  hSFEKENGES . .. . : : .

( 1 ) 'A . S . S d d â n g t o n  , M.N. 6? , . 3 4 ,  190 6 .

( 2 )  K . S c h w a r a s c h i l d  , G O t t .N a ç h .  1 9 0 ? ,  p . 6 l 4 .

( 5 )  K . S c h w a r z s c h i l d  , G d t t . N a c h .  1908 , p . 1 9 1 .
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.CHAPTER I I  

, THE CAPE ASTROGRAPHÎC ZONE CATALOGUES.

' -  ■ ' ,  • . .

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

m ethods  t o  A s t ro n om y ,  t h e  va lue :  o f  t h e  new t e c h n i q u e s  a s  a  m ethod  

o f  d e t e r m i n i n g  s t e l l a r  c e l e s t i a l  p o s i t i o n s  was s o o n  r e c o g n i s e d ,  a n d ,  

a t  a  c o n f e r e n c e  i n  P a r i s . i n  1 8 9 1 Î t h e  d e c i s i o n  was t a k e n  t h a t  a  

p h o t o g r a p h i c  a t l a s  o f  t h e  s k y  s h o u ld ,  be c o n s t r u c t e d ,  t h e  p o s i t i o n s  

o f  a l l  t h e  b r i g h t e s t  s t a r s  b e i n g  t h e r e b y  e s t a b l i s h e d  t o  a  h i g h  

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

a  p l a t e  n um b er ,  A number o f  o b s e r v a t o r i e s  u n d e r t o o k  t h e  r e s p o n s i b i l i t y  

o f  : t h e  p h o t o g r a p h y  -  an d  t h e  s u b s e q u e n t  r e d u c t i o n s ; -  o f  a n  a r e a  o f  

t h e  skyV each ,  p a r t i c i p a t i n g  o b s e r v a t o r y  b e i n g  a l l o t t e d  a  zone  o f  

d e c l i n a t i o n  a s  i t s  c o n t r i b u t i o a .  The zone f o r  t h e  p h o t o g r a p h y  o f  

w h ic h  t h e  Royal. O b s e r v a t o r y ,  Cape, o f  Good H ope , u n d e r t o o k  ÿhe 

r e s p o n s i b i l i t y  -  h e r e i n a f t e r  r e f e r r e d  t o  a s  t h e  Cape A s t r o g r a p h i c  

Z o n e ( o r  t h e  C . A . Z . )  -  e x t e n d e d . f r o m  d e c l i n a t i o n s  - ^ 0  t o

: The p h o t o g r a p h y ; o f  t h e  z o n e ,  f o r  t h e  c o n s t r u c t i o n  o f  t h e  

c a t a l o g u e ,  was commenced i n  I 892 an d  was c o m p l e t e d  i n  I 8 9 6 . I n  a l l  

t h e  zone  was d i v i d e d o  i n t o  151^  a r e a s  and  e a c h  p l a t e  r e c o r d e d  an  

a r e a  o f  t h e  s k y  2 s q u a r e ,  e h c h  p l a t e  b e i n g  c e n t r e d  on àn  e x a c t  

d e g r e e  o f  . d e c l i n a t i o n .  A f t e r  t h i s  s e  rieas., known a s  t h e  * o ld*  s e r i e s  • 

was c o m p l e t e d ,  a  s e c o n d  s e r i e s , known a s  t h e  * c a t a l o g u e i  s e r i e s  

was t a k e n ,  s t a r t i n g  i n  1897 and f i n i s h w a ^ i n  1 9 1 0 , a l t h o u g h  a l l  b u t
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à  few p l a t e s  h a d  b e e n  t a k e n  by 1 9 0 5 .  The r e a s o n  f o r  t h i s  s :# f ies*  

b e i n g  t a k e n  when t h e  *old* s e r i e s  had  b e e n  i n t e n d e d  f o r  t h e  c o n s t r u c t i o n  

o f  t h e  c a t a l o g u e  w as ,  t o  q u o te  J a c k s o n ( l )  i n  h i s  i n t r o d u c t i o n  t o  : 

t h e  f i r s t  c a t a l o g u e  o f  t h e  p r o p e r  m o t io n s  i n  t h e  z o n e ; -

i n  v iew  o f  t h e  r e l a t i v e l y  s m a l l  amount o f  work 

i n v o l v e d  i n  t a k i n g  t h e  p l a t e s  compared  w i t h  t h e  m easu rem en t  and  

r e d u c t i o n  i t  was r e s o l v e d  t o  t a k e  a  s e c o n d  s i r i e s  o f  p l a t e s  f o r  

m easu rem en t*  T h i s  s e c o n d  s * T i e s  was much b e t t e r  i n  q u a l i t y  and 

was t a k e n  a t  a n  e p o c h  more c l o s e l y  c o r r e s p o n d i n g  t o  t h a t  o f  t h e  

m e r i d i a n  o b s e r v a t i o n s  u s e d  i n  t h e  r e d u c t i o n , ”

ï n  a d d i t i o n  t o . t h e  p h o t o g r a p h y , 8560 s t a r s  i n  t h e  zone 

M W .  were  o b s e r v e d  w i t h  t h e  8 - i n c h  t r a n s i t  c i r c l e ,  t h e s e  s t a r s  

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

p r e f e r e n c e  b e i n g  g i v e n  t o  t h e  f a i n t e r ,  r a t h e r  t h a n  t h e  b r i g h t e s t  

s t a r s .  E a c h  s t a r *  was o b s e r v e d  a t  l e a s t  t h r i c e .  On t h e  a v e r a g e  t h e r e  

were 12 o r  I 3 .o f  t h e s e  ' s t a n d a r d '  s t a r s  on e a c h  p l a t e .

A f t e r  t h e  c o m p i l a t i o n  and, p u b l i c a t i o n  o f  t h e  C.A.Z* 

c a t a l o g u e  i n  1923 “ t h e  c a t a l o g u e  l i s t i n g  20 843 s t a r s  i n  t h e  z o n e -  

i t  was d e c i d e d  t o  d e t e r m i n e  t h e  p r o p e r  m o t i o n s  o f  t h e  s t a r s  i n  t h e  

zone* F o r  t h i s  p u r p o s e ,  a  t h i r d  s e r i e s  o f  p h o t o g r a p h s  was t a k e n  

b e tw e e n  1923 and  1 9 2 8 ,  The p r o p e r  m o t io n s  wcce d e t e r m i n e d  m a i n l y  

f rom  t h e  ' o l d ' s é r i e s  and  t h e  new -  o r  ' P . M . ' s e r i e s .  The m e a su re m e n ts  

were n o t ,  however , ,  c o n f i n e d  t o  t h e  s t a r s  : i n  t h e  p u b l i s h e d  zone 

c a t a l o g u e j  b u tw e r e  e x t e n d e d ,  t o  a  f a i n t e r  m a g n i tu d e  l i m i t ,

: Th® r e s u l t s  o f  t h e s e  d e t e r m i n a t i o n s  o f  p o s i t i o n s  and.



p r o p e r  'm o t io n s  were  p u b l i s h e d  a t  v a r i o u s  i n t e r v a l s t h e  p r i n c i p a l  

p u b l i c a t i o n s  b e i n g : - '

( 1 )  a  C a ta lo g u e ,  o f  t h e  p o s i t i o n s  f o r  1 9 0 0 . Ô o f  t h e  856O 

s t a n d a r d ;  s t a r s  o b s e r v e d  w i t h  t h e  8 - i n c h  t r a n s i t  c i r c l e  and u s e d  

f o r  t h e  r e d u c t i o n  o f  t h e  p l a t e s . ( i 9 0 6 )

( 2 )  e l e v e n  vo lum es  g i v i n g  t h e  r e c t a n g u l a r  c o - o r d i n a t e s  and  

m e a s u r e d  d i a m e t e r s  o f  s t a r s  i n  t h e  zone (1913 -  1926.) ,

( 3 ) t h e  'Zone C a t a l o g u e  o f  20 84-3 S t a r s , ,1900 ' c o n t a i n i n g  

a l l  t h e  ; s t a r s  i n  ( 1 )  and e x t e n d i n g . - t o  m a g n i t u d e  9*0 i n c l u s i v e  on ;

. the ;  C . P . D .  s c a l e .  The p o s i t i o n s  were  d e r i v e d  f ro m  a  c o m b i n a t i o n  

o f  m e r i d i a n  o b s e r v a t i o n s  and m e a s u r e d  p h o t o g r a p h i c  p l a g e s (1 92 3 )  1

(4 )  a  volume g i v i n g  f o r  t h e  above s t a r s  t h e  H a r v a r d  s p e c t r a l  

t y p e s ,  p h o t o g r a p h i c x a n d  v i s u a l  m a g n i t u d e s , t h e  p h o t o g r a p h i c  m a g n i t u d e s  

d e r i v e d  f rom  t h e  m e a s u r e d  d i a m e t e r s  and t h e  C .P . D .  m a g n i t u d e s  

r e d u c e d  t o  a  s c a l e  c l o s e  t o  t h e  i n t e r n a t i o n a l  p h o t o g r a p h i c  s c a l e ( 1 9 2 ? ) ,

(3 ) a  volume g i v i n g  t h e  p h o t o g r a p h i c  p r o p e r  m o t io n s  o f  t h e s e  

s t a r s (1 9 5 6 ) , ^

a n d . ( 6 )  a  volume g i v i n g  t h e  p o s i t i o n s ,  p r e c e s s i o n s , ,  p r o p e r  m o t i o n s ,  

s p e c t r a l  t y p e s  and  p h o t o g r a p h i c  m a g n i t u d e s  o f  a  f u r t h e r  20 554 

s t a r s  i n  t h e  z o n e . ( 1 9 3 9 )  : ' ,

I t  i s  t h u s  a p p a r e n t  t h a t  t h e  m a t e r i a l  p r e p a r e d  f ro m  t h e  

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

many s t a t i s t i c a l  i n v e s t i g a t i o n s .  The s t a t i s t i c s  o f  s t a r  c o u n t s ,  

m a g n i t u d e s  a n d  s p e ç t r a l  t y p e s  a r e  d i s c u s s e d  i n ; t h e  i n t r o d u c t i o n s  

t o  t h e  f o u r  m a jo r  vo lum es  -  t h o s e  numbered  above  as  ( 3 ) ,  ( 4 ) ,  ( 5 )
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and  ( 6 ) ,  The p r o p e r  m a t ion s ,  o f  t h e ‘1936 volume a r e  a l s o  d i s c u s s e d  

by  J a c k s o n ( ^ )  i n  t h e  i n t r o d u c t i o n ,  t h e  d e t a i l s  o f  a n a l y s e s  by 

A i r y ' s  m ethod  f o r  t h e  s o l a r  m o t i o n  and by S c h w a r z s c h i l d ' s  a u t o m a t i c  

m ethod f o r  t h e  v e l o c i t y  e l l i p s o i d  b e i n g  g i v e n .

I n  t h e  i n v e s t i g a t i o n s  d e s c r i b e d  b e lo w ,  a t t e n t i o n  h a s  

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

c o n s t a n t s  o f  s t a r  s t r e a m i n g  w i t h  s p e c t r a l  t y p e  f o r  t h e  1939 vo lu m e .

As m e n t i o n e d  a b o v e , = a  s e r i e s  o f  p l a t e s  was t a k e n  b e tw e e n  

1923 and 1928 f o r  t h e  d e t e r m i n a t i o n  o f  p r o p e r  m o t i o n s .  T h ese ’ p l a t e s  

were  t a k e n  w t t h  t h e  e m u l s i o n  t u r n e d  away f ro m  t h e  o b j e c t  g l a s s ,  

e x p o s u r e  b e i n g  made t h r o u g h  t h e .  g l a s s .  E ach  p l a t e  was g i v e n  f o u r  

e x p o s u r e s  -  of. 18^ ,  6*^, 2^. and . 4 0^  r e s p e c t i v e l y  -  t h e  t e l e s c o p e  

b e i n g  moved i n  d e c l i n a t i o n  b e tw e e n  e a c h  e x p o s u r e . A l th o u g h  t h e r e  

was a  l o s s  o f  l i g h t  t h r o u g h  a b s o r p t i o n  by  t h e  p l a t e ,  t h i s  was 

b a l a n c e d  by  t h e  i n c r e a s e d  s e n s i t i v i t y  o f  t h e  p l a t e s  compared  t o  

t h o s e  o f  t h e  p r e v i o u s  s e r i e s .  The im ag es  r e c o r d e d  were  g e n e r a l l y  

s t r o n g e r  t h a n  t h o s e  o f  t h e  e a r l i e r  - s « t i . e s , w h ic h  h a d  r e c e i v e d  

e x p o s u r e s  o f  6 ^ ,  3 ^  and 20®, ^

F o r  m e a s u r i n g , . t h e  o l d  and  t h e  new p l a t e s  were  c l i p p e d  

t o g e t h e r i  f i l m  t o  f i l m ,  a  s l i g h t  d i s p l a c e m e n t  b e i n g  i n t r o d u c e d  of  

s u c h  m a g n i tu d e  t h a t  t h e  6 e x p o s u r e  o f  t h e  o l d  p l a t e  was a l m o s t  

midway b e tw e e n  t h e  l 8 ^  and  t h e  6 ^  e x p o s u r e s  on t h e  new p i a t e . The 

o l d  and new im a g es  wéreUï t h u s  c l o s e  t o g e t h e r .  M e asu rem en ts  we*e 

t h e n  made on t h e  6^  e x p o s u r e s .
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; zone  e a t a ^ o g u q  had  b e e e n  c o m p i l e d f rom  t h e

b t a r s  b r i g h t e r  t h a n  m a g n i tu d e ;  9^ 0 *P *D ,NSCâle1^1»

d e t e r m i n i n g  t h e  g r p p e r  m o t io n s  a l l  stars^^/w m e a su re d  t h a t  ; 

we r e  o f  : m a g n i t  ude  ;vdown; t  p 9 .  i n c l u s  i  ve v o n t  he C .P .D  . s c a l e .

T h ere  were, a l s o  m e a s u r e d  some f a i n t e r  s t a r s  t h a t  were  s u s p e c t e d  f

of; p o s s é 8 8 ing:  c o n s i d e r a b l e  m p t i o h s  -  g r e  a t e r  t h a n  5 ” p e r  c e n t u r y  

The o n l y  s t a r s  h p t  m e a su re d  were  ÿhus  t h e  v e r y  b r i g h t e s t  s t a r s  -  

w h ic h  c o u l d  h o t  be me a S h r  e d aC c u r  a t  ë l y  and  t  h o se  f  a i n t  e r  t h a h  

m a g n i tu d e  9 . 5  w i t h  m o t i p n s  l e s s  t h a n  3 ” p e r  C e n t u r y .  v 

; : ; ■ B eca u se  o f  t h e  o y e r l a p  Of t h e  p h o n o g r a p h i c  p l a t e s  t h e r e

Were g e n e r a l l y t w o  o r  t h r e e : d e t e r m i n a t i o n s  f o r :  e a c h  s t a r  e x c e p t  

f p r V t h e .  s t a r s ;  i n : t h e  e x t r e m e  z o n e s , nam ely  - 4 o  t o  - 4 l  a n d  - 5 1  t o  ‘ 

- 5 2  . ' T h e . p o o r e s t ' d e t e r m i n a t i o n s  were - f o r  t h e  s t a r s  a t  t h e  e d g e s  

o f  the.- p l a t e s , where  t h e !  d é f i n i t i o n  f  a l l i n #  o f  f , The a v e r a g e  

p e r i o d  b e tw e e n  ; t h e  p l a t e s  o f  t  t h e  * b i d  * < a n d  t h e  ' P . M . ' s e r i e s  

w a s  34  y e a r s ^  and b e tw e e n  t h e  ’ c a t  a l o g u e ' and  t h e  * P .M . * s e r i e s ,

24 y e a r s . When à; s t a r  was r e c o r d e d  on a  number o f  p i a t e s V t h e  

i n t e r y a l  m ig h t  v a r y  by  up t o  13 y e a r s  f o r  d i f f e r e n t  p a i r s  o f  p l a t e s .  

On e a c h  p l a t e  10 f  a i n t e r  s t a r s  were  a l s o  m e a s u r e d , i n  e a c h  o f  i foU r  

a r e a s , one a r e a  i n  e a c h  q u a d r a n t  o f  t h e  p l a t e  and  h o t  r i g h t  a t  

t h e  c e n t r e  . T hese  s t a r s  were ; s e l e c t e d  "as b e i n g  w i th c m t  . c o n s p i c u o u s  

p r o p e r  m o t io n ^  and w e r e : t o  be u s e d  a s  r e f e r e n c e  s t a r s  i n  t h e  

r e d u c t i o n  of: t h e :  r e l a t i v e  p r o p e r  m o t io n s  t o  a b s o l u t e  m o t i o n s .

From t h e  a v e r a g e  :image d i a m e t e r  o f  t h e s e  s t a r s ^  t h e i r :  mean p h o t o -  ■ 

“ g r a p h i c  m a g n i t u d e s  were  fo u n d  t o  .b e  1 1 ^ . 9  on t h e .  H a r v a r d  s c a l e s
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As t h e s e  s t a r s  were  t a k e n  t o  be u n a f f e c t e d  by p r o p e r  

m o t i o n s j e x c e p t  f o r  t h e  e f f e c t s  o f  p a r a l l a c t i c  m o t io n  and  g a l a c t i c  

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

t h e  d i s p l a c e m e n t s  o f  one p l a t e  r e l a t i v e  t o  t h e  o t h e r .  The 

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

im a g es  o f  a  s t a r  on one p l a t e  r e l a t i v e  t o  t h e  c o r r e s p o n d i n g  im ages  

on t h e  o t h e r  p l a t e  on t h e  p o s i t i o n  o f  t h e  im a g e s  on t h e  p l a t e  

was t h e n  d e t e r m i n e d  f o r  e a c h  p a i r  o f  p l a t e s .  The m e a s u r e s  j i x  and  

f o r  t h e  r e f e n c e  s t a r s  were, e q u a t e d  t o  l i n e a r  e x p r e s s i o n s  i n  

JT and , t h u s

A f t  = a x  + + c 1  : / X
. .  .. f  . . . . . . . . . . . . .  ,

' 4 II = d ^  + e ^  +f

The s c a l e  and  o r i e n t a t i o n  c o n s t a n t s  a , b , d  a n d  e wEfc d e t e r m i n e d  

f rom  t h e  m e a s u r e s  i n  o p p o s i t e  a r e a s  and t h e  c o m s t a n t s  c  a n d ^  

were  f o u n d  f ro m  t h e  means o f  t h e  m e a s u r e s  i n  a l l  f o u r  a r e a s .

The d i s p l a c e m e n t  c o r r e c t i o n s  t o  be a p p l i e d  t o  t h e  

m e a s u r e s  o f  t h e  o t h e r  s t a r s  on t h e  p l a t e  were  t h u s  #-

= - a  % - b  g, - c  1

The r e l a t i v e  p r o p e r  m o t i o n s  i n  t h e  i n t e r v a l  b e tw e e n  t h e  e podhs  

o f  t h e  p a i r s  o f  p l a t e s  werd  t h u s  d e t e r m i n e d .  The d i f f e r e n t ,  

m e a s u r e s  f o r  e a c h  s t a r  weve them c o m b ined ,  b e i n g  w e i g h t e d  

a c c o r d i n g  t o  t h e  * e p o c h - d i f f e r e n c e ' o f  e a c h  d e t e r m i n a t i o n , '
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3 .
As d e s c r i b e d  a b o v e ,  t h e  m e a s u r e s  o b t a i n e d  a r e  t h e

p r o p e r  m o t i o n s  i n  jc  and  ^  t o  t h e  r e f e r e n c e  s t a r s .  To

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

have  t o  be  a p p l i e d .  T hese  a r e

( i )  a  c u r v a t u r e  c o r r e c t i o n  t o  r e d u c e  t h e  m o t i o n s  from-:^ 

and  y  t o  r i g h t  a s c e n s i o n  and  d e c l i n a t i o n ,

( i i )  a  c o r r e c t i o n  f o r  t h e  m o t i o n  o f  t h e  r e f e e r e n c e  s t a r s  

due t o  p a r a l l a c t i c  m o t i o n  and  g a l a c t i c  r o t a t i o n

and ( i i i )  a  c o r r e c t i o n  due t o  t h e  p o s i t i o n  o f  t h e  s t a r  on t h e

p l a t e .

F o r  c u r v a t u r e ,  t h e  c o r r e c t i o n  a p p l i e d  was%-

•hy I

'Mx J

U qjC o s ô  =  U x  . *" ^ x * h y  ,  (  )

Ug = hy + f x '

where  f  % — —

A c c o r d in g  t o  J a c k s o n ( 3 ) ,  t h e s e  c o r r e c t i o n s  w ere  n e g l i g i b l e  

e x c e p t  f o r  t h e  few  s t a r s  w i th ,  l a r g e  p r o p e r  m o t i o n s .

The c o r r e c t i o n s  f o r  t h e  m o t io n  o f  t h e r e f e r e n c e  s t a r s  

were d e r i v e d  f rom  t h e  t a b l e s  g i v e n  by  v a n  R h i j n  and  B o k ^ )  , and  

were  o f  t h e  f o r m , * -

Aoc = ( - )  .P + q )
.  ) K  (  ...................................... .. . ( 3 )

A s  = M , p ,  + Q' J

w h e r e i s  t h e  s e c u l a r  p a r a l l a x  o f  t h e  r e f e r e n c e  s t a r s . a s S x t h K X

The v a l u e s  o f  P ,P * ,Q  and  Q' a r e  t a k e n  f rom  t a b l e s  g i v e n  by v a n  

R h i j n  and  Bok (L o c .  c i t .  p2 3 ” 2 4 ) .  I n  d e r i v i n g  t h e s e  c o r r e c t i o n s

270 ..and  j à - 1 ffhj
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t h e  s ô l a i r  a p e x  was assum ed t o  be  a t  R ,A, 270 an d  D e c ,  +3 1 ,  The 

v a l u e s  o f ; - I  were  a l s o ,  t a k e n  f rom  t a b l e s  i n  t h e  same p u b l i c a t i o n  

where  i t  i s  t a b u l a t e d  f o r  e a c h  o f  t h r e e  g a l a c t i c  l a t i t u d e  z o n es  

f o r  v a r i o u s  H a r v a r d  v i s u a l  m a g n i t u d e s ,  .A l though  t h e  v a l u e s  a r e  

g i v e n  f o r  t h e  l a t i t u d e  z o n e s  0*̂  t o  -  2 0 ^ ,  -  20^ t o  -  46*^and -  4 0 * to  

- 9 0  , t h e  n a t u r e  o f  t h e  v a r i a t i o n  w i t h  g a l a c t i c . l a t i t u d e  i s  n o t  

c l e a r .  A lso  t h e  Cape zone d oes  n o t  l i e  i n  any  o n e . g a l a c t i c  l a t i t u d e
' O  ’ O  ‘ -

z o n e ,  b u t  r a n g e s  f ro m  a b o u t  g a l a c t i c  l a t i t u d e s  -7 3  t o  + l 8 . 

A c c o r d i n g l y  t h e  v a l u e  u s e d  i n  t h e  c a l c u l a t i o n . o f  t h e ' C o r r e c t i o n s  

t o  t h e  Cape r e l a t i v e  m o t io n s  was t h a t  i n d e p e n d a n t  o f  g a l a c t i c  

l a t i t u d e ,  a n d ,  a s  t h e  p h o t o g r a p h i c  m ag n i tu d e  o f  t h e  r e f e r e n c e  s t a r s  

was ,  a s  s t a t e d  a b o v e , 1 1 . 9  on t h e  H a r v a r d  s c a l e  -  w i t h  a  mean 

d e v i a t i o n  o f  .0^3  -  w h ich  e q u a l s ,11^2 on t h e  H a r v a r d  v i s u a l  s c a l e .

t h e  v a l u e  t a k e n  f o r ^  - j  was\ 0 " .0 0 9 2 $  The c o r r e c t i o n s  t h u s  a p p l i e d  , 

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

were I -

A  a  = 0 " . 0 0 9 2 i P  + Q

Û  Ô := 0 " . 0 0 9 2 . P '  , + Q' 1
The maximum amount i n  R . A , ' o f  ; t h i s  c o r r e c t i o n  was 0 ” . 0 1 3 .

The t h i r d  c o r r e c t i o n ,  t h a t  due t o  t h e  p o s i t i o n  o f  

t h e  s t a r  on t h e  p l a t e ,; was more com plex ,  b e i n g  p o s s i b i l y  d e p e n d a n t  

on m a g n i tu d e  a s  w e l l  a s . p o s i t i o n .  As a  r e s u l t  o f  a  c o m p le te  . 

a n a l y s i s  o f  t h e  m a t e r i a l  by J a c k s o n ( 3 ) ,  t h e  c o r r e c t i o n s  f i n a l l y  

a p p l i e d  w e r e t  -  o n ; m a g n i t u d e , no c o r r e c t i o n ,
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and on p o s i t i o n  -

jfjct -  0 . 25* »  + 0 . 2 7 -  0 .04^ *]
- - "■■ : . '-p ■'■■; , '■ , . V, - . . ■" ■ . . » '

A ô  = - l [ - 3 . 5  -  -0 .2 5  - 0 .2 7
(5 )

w i t h  t h e  u n i t  b e i n g  0 ” .0 0 1  and t  . b e in g  t h e  * e p p c h - d i f f e r e n c e *  

o f  t h e  p l a t e s .  J a c k s o n  c o n c l u d e d  t h a t  t h e  e x p l a n a t i o n  o f  t h e s e  

l a t t e r  c o r r e c t i o n s  was a  change  o f  t i l t  o f  t h e  t e l e s c o p e  b e tw e e n  

t h e  end  o f  t h e  ’c a t a l o g u e *  s e r i e s  and t h e  s t a r t  o f  t h e  ’P.M.* 

s e r i e s  o f  amount  o f  some 1 ?* i n  e a c h  c o - o r d i n a t e .

Thus by t h e  a p p l i c a t i o n  o f  t h e s e  t h r e e  c o r r e c t i o n s ,  

t h e  a b s o l u t e  p r o p e r  m o t io n s ,  were  o b t a i n e d .  I t  i s  a l s o  n e c e s s a r y  

t o  know t h e  a c c u r a c y  o f  t h e  p r o p e r  m o t io n s  t h u s  d e r i v e d .  From a  

d i s c u s s i o n  o f  6500 s t a r s ,  i t  v/as f o u n d  t h a t  t h e  me a n  p r  o pb a b l e  e r r o r s  

d e p e n d e d ,  a s  i s  t o  be e x p e c t e d ,  on t h e  number o f  d e t e r m i n a t i o n s  

m ade.  The f o l l o w i n g  f i g u r e s  a r e  g i v e n  by J a c k s o n I -

Ko. o f  D e t e r m i n a t i o n s ,  P r o b a b l e  E r r o r ,

„  i  /.■ -  o".oo8

A  '" ^ - : '2 , i :  \  ± o".oo55

v: . 5  - i  o>'.oo44 ,

The i n d i v i d u a l  p r o b a b l e  e r r o r s  may, o f ; c o u r s e ,  v a r y  

c o n s i d e r a b l y  f rom  t h e  a b o v e , e s p e c i a l l y  f o r  t h e  b r i g h t e s t  s t a r s ,

4 . " : \  . i '  ;  ' : : ■ ' .
A number o f  i n v e s t i g a t i o n s  have  b e e n  p e r f o r m e d  u s i n g  

t h e  m a t e r i a l  o f  t h e  1936 volume a s  a  b a s i s , Those  o f  most  r e l e v a n c e  

t o  t h e  i n v e s t i g a t i o n s  d e s c r i b e d  h e r e i n a f t e r  were%-

, ( i )  a  d e t e r m i n a t i o n  o f  t h e  s o l a r  m o t i o n  and a p e x  by
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A i r y ' s  m ethod  bÿ  J a c k s o n ( 2 ) ,

( i i )  a n  a n a l y s i s  o f  t h e  p r o p e r  m o t i o n s  by 

S c h w a r z s c h i l d l s  a u t o m a t i c  m ethod  by J a c k s o n ( 2 )  :

and ( i i i )  a n  a n a l y s i s  ! o f  t h e  same p r o p e r  m o t i o n s  by  

E d d i n g t o n ’s  ' T r i a l  and  E r r o r ' method b y  Sm ar t  and T a n n à h i l î  ( 6 , 7 ) ;

■The r e s u l t s ;  o f  t h e s e  i n v e s t i g a t i o n s  w i l l  o n l y  be 

8um m arised  now, more d e t a i l e d  d i s e u s s i o h s  b e i n g  g i v e n  where  

r e l e v a n t  l a t e r ,  '

As , was: m e n t i o n e d  .above , i n  r em o v in g  the. e f f e c t s  

o f  t h e  s y s t e m a t i c  m o t i o n s  o f  t h e  r e f e r e n c e  s t a r s  t o  c o n v e r t  

t h e  r e l a t i v e  p r o p e r  m o t ions ,  t o  a b s o l u t e  m o t i o n s ,  i t  was assum ed

t h a t  t h e  a p e x  o f  t h e  s o l a r  m o t i o n  r e l a t i v e ,  t o  t h e s e  s t a r s  d a y
■.o ', o ■ '

a t  R .A ,  270 , DeCi +31# No a c c o u n t  was t a k e n  o f  th e s K  s p e c t r a l .  .

t y p e s  o f  t h e s e ,  s t a r s .  I f  t h e  a p ex  o f  t h e  s o l a r  m o t i o n  d e r i v e d  f

f ro m  a l l  s t a r s  o f t  he c a t  a lo g u e  was m a r k e d ly  d i f f e r e n t  t h e n ,  i f

t h i s  were  n o t  a  m a g n i tu d e  e f f e c t ,  t h e n  t h e  c o r r e c t i o n s  a p p l i e d

m ig h t  be i n  e r r o r , From a n  a n a l y s i s  o f  t h e  m o t i o n s  o f  17922

s t a r s  o f  a l l  s p e c t r a l  t y p e s ,  and  f a i n t e r  t h a n  m a g n i tu d e  6 on

t h e  c a t a l o g u e  s c a l e ,  J a c k s o n  o b t a i n e d  t h e  f o l l o w i n g  e l e m e n t s  o f

t h e  s o l a r  m o t io n  f o r e  t h e  a p e x i -  , ;

;; : ;  +3 ( ^ 8 . ?  /V . ,  ;

The a p e x  t h u s  d e r i v e d  f ro m  t h e  m o t i o n s  o f  86 p e r  c e n t  o f  t h e  

s t a r s  i n  t h e  c a t a l o g u e  a g r e e s  w e l l  w i t h  t h e  ; a ssum ed  a p e x .  The 

p r o b a b l e  e r r o r s  o f  t h e  d ë t e r m i n à t i o n s  a r e  n o t  s t a t e d  b u t  a r e . ; 

l i k e l y  t o  be o f  t h e  o r d e r  o f  1 t o  2,  i n  e a c h  C o - o r d i n a t e .  Thus
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t h e r e  i s  no i n d i c a t i o n  o f  t h e  e x i s t e n c e  o f  any  s e r i o u s  e r r o r  

i n t r o d u c e d  t h r o u g h  t h e  u se  o f  t h e  assumed a p e x .  Any d i f f e i e n c e  

t h a t  t h e r e  may be c o u l d  e a s i l y  be a s c r i b e d  to, t h e  d i f f e ^ c e  i n  

m a g n i tu d e  o f  t h e  two g r o u p s  o f  s t a r s  ,

From t h e  d e t e r m i n a t i o n s  o f  t h e  c o n s t a n t s  o f  s t a r -  

s t r e a m i n g  made by J a c k s o n  and by Sm art  and  T a n n a h i l l  , v e r y  

good a g re e m e n t  w i t h  t h e  r e s u l t s  o f  p r e v i o u s  i n v e s t i g a t i o n s  o f  ' 

o t h e r  p r o p e r  m o t io n s ;  i s  f o u n d .  The i n t e r a g r e e m e n t  o f  t h e  two ' 

m e th o d s  o f  a n a l y s i s  i s  a l s o  s a t i s f a c t o r y .  I n  a l l  c a s e s  t h e  

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

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

by  Sm art  and T a n n a h i l l .  T h i s  c a n  be  a t t r i b u t e d  t o  t h e  p r o x i m i t y  , 

o f  t h e  zone  t o  t h e  a p i c e s ,  t h e  d e c l i n a t i o n  d i f f e r e n c e s  b e i n g  

s m a l l , .  As i s  p o i n t e d  o u t  by J a c k s o n ,  an e r r o r  i n  t h e  c o r r e c t i o n s  

a p p l i e d  f o r  g a l a c t i c  r o t a t i o n  cOuld  a l s o  a c c o u n t  f o r  t h e  v a r i a t i o n * ,

5 . '  ■■  ̂ '■ : , V .
As s t a t e d  a b o v e ,  i n  t h e  m e a s u r i n g  o f  the  'P . M , (  p l a t e s  

t o  d e t e r m i n e  t h e  p r o p e r  moyions  o f  t h e  s t a r s  o f  t h e  Zone C a t a l o g u e , 

1 9 0 0 ,  w h ich  r e f e r r e d  t o  t h e  s t a r s  b r i g h t e r  t h a n  C ,P .D ,  m a g n i tu d e  

9 / 0  ( i n c l u s i v e ) ,  m easure txen tS  were a l s o ,  made f b r  a l l  s t a r s  '

b r i g h t e r  t h a n  C ,P .D ,  m a g n i tu d e  9 . 5  i n c l u s i v e  and f o r  su c h  

f a i n t e r  s t a r s  a s  : were  s u s p e c t e d  o f  p o s s e s s i n g  s e n s i b l e  m o t i o n s ,  - 

Of t h e  l a t t e r  c a t e g o r y ,  t h o s e  s t a r s  were r e t a i n e d  tW r had  a b s o l u t e  

m o t i o n s  e x c e e d i n g  5.'- p e r  c e n t u r y .  I n  a l l ,  t h e s e  amounted t o  2 433*

1 120 n o t  b e i n g  i n  t h e . C . P . D ,  The a d d i t i o n a l  s t a r s  i n  t h e  C .P .D , ,
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r a n g e  9^1 t o  9 %  i n ç l ù s i v e  t h u s  number l 8  1 2 2 ,  On t h e  i n t e r n a t i o n a l  

s c a l e  t h e s e  m a g n i t u d e s  a r e  f ro m  0 ? 5 t b i  1 , 5  f a i n t e r .

The c a t a l o g u e  o f  t h e s e  . . .s tars  and  t h e i r  m o t i o n s  

was c o n s t r u c t e d  a t  t h e  same t im e  and i n  t h e  same way a s  t h e  Zone 

c a t a l o g u e ,  t h e  same c o r r e c t i o n s  and  r e d u c t i o n s  b e i n g  a p p l i e d .

The a a t a l o g u e  t h u s  c o n t a i n s  f o r  e a c h  s t a r  i t s  p o s i t i o n ,  p r e c e s s i o n s ,  

m a g n i tu d e  on t h é  i n t e r n a t i o n a l  s c a l e ,  e p o ch  o f  o b s e r v a t i o n  f o r  p 

p o s i t i o n ,  p r o p e r  m o t io n  and f o r  a b o u t  90 p e r  c e n t  o f  hhe s t a r s /  

t h e  H a r v a r d  s p e c t r a l  t y p e s .  D e t a i l s  a r e  a l s o  g i v e n  i n  t h e  i n t r o -  ’

d u c t i o n  o f  t h e  m a g n i t u d e , and  s p e c t r a l  d i s t r i b u t i o n  o f  t h e  s t a r s  

,o f  b o t h  c a t a l o g u e s , t o g e t h e r  w i t h  o t h e r  s i m i l a r ,r e l a t e d  s t a t i s t i c s , 

The m o t i o n s  o f  t h e  s t a r s  a r e  h o t ,  h o w e v e r , d i s c u s s e d .

.6 , ■ : ■' ' ■ ' ' J i - v  . ' /  ■ ;
I n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  b a s e d  m a i n l y  on t h e  

s t a r s  i n  t h e  f a i n t  s t a r  volume^ t h e  a ims have  b e e n t -

; ( i )  t o  a s c e r t a i n  w h e t h e r  t h e  low d e c l i n a t i o n  o f

t h e  s o l a r  a p e x  n o t e d  by  J a c k s o n  and  by Sm ar t  ahd  T a n n a h i l l .  o b t a i n s  

a l s o  f o r  t h e  f a i n t  s t a r s ,
■ - p .  ' : ( i i )  - ■■ P  , , V.

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

t y p e  o f  t h e  c o n s t a n t s  o f  s t a r - s t r e a m i ” ng f o u n d  f rom  t h e  a n a l y s e s

o f  t h é  b r i g h t  s t a r  v o lu m e , ,Pp'

( i i i )  t o  d e t e r m i n e  w h e th e r  t h e r e  e x i s t  any i n t r i n s i c

v a r i a t i o n s  i n  t h e  c o n s t a n t s  o f  s t a r - s . t r earning b e tw e e n  t h e  - s t a r s  o f

t h e  b r i g h t  and  f a i n t  s t a r  v o lu m e s ,

. and  ( i v )  i t a  h a d  o r i g i n a l l y  b e e n  i n t e n d e d  t o  d e t e r m i n e



w h e t h e r  , by  r e d u c i n g  t h e  Cape p r o p e r  m o t i o n s  t o  t h é  FK^ s y s te m  

t h e  low  v a l u e  o f  t h e  d e c l i n a t i o n  o f  the,  s o l a r  a p e x  m ig h t  be 

rem o v e d .  T h i s  was t h o u g h t  p o s s i b l e , a s  J a c k s o n  had  r e m a r k e d ,t h a t  

an  e r r o r  i n  t h e  r o t a t i o n  c o r r e c t i o n s  m ig h t  be t h e  c a u s e .  T h i s  

i n v e s t i g a t i o n  d i d  n o t  a c h i e v e  i t s  aim,, f o r  r e a s o n s  t h a t  w i l l  

be d i s c u s s e d  i n  t h e  s u c c e e d i n g  c h a p t e r .
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■CHAPTER I I I  .

THE REDUCTION- OF THE O.A.Z.MOTIONS TO THE SYSTEM OF 

FK3 AND THE ANALYSES BASED THEREON.

;  : : ■

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

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

t h e  e x t e n t  t o  w h ic h  t h e  d e c l i n a t i o n  o f  t h e  s o l a r  a ^ x  d e p e n d e d  

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

i n  t h e  r e d u c t i o n  o f  t h e  p l a t e  m e a s u r e m e n t s .  I t  was a l s o  i n t e n d e d  

t o  make d e t e r m i n a t i o n s  o f  t h e  c o n s t a n t s  o f  s t a r - s t c e a r a i n g ,  on 

t h e  new s y s t e m  o f  r e f e r e n c e ,  f rom  t h e  m a t e r i a l  o f  t h e  two c a t a l o g u e s  

b o t h  s e p a r a t e l y  and  t o g e t h e r  f o r  e a c h  s p e c t r a l  e l a a a .  / '  .

I n  1937 two c a t a l o g u e s  o f  p o s i t i o n s  and  p r o p e r  

m o t i o n s  o f  s t a r s  were  p u b l i s h e d ,  b o t h  o f  a  f u n d a m e n t a l  n a t u r e .

The l a r g e r  o f  t h e s e  was t h e  " G e n e r a l  C a t a l o g u e  o f  33 3^2 S t a r s "  

c o m p i l e d  by B , B o s s ( l )  -  t h e  G .C, -  an d  t h e  o t h e r  t h e  " D r m t t e r  

F u n d a m è n t a l k a t a l o g  d e s  B e r l i n e r  A s t ro n o m is c h e  J a h r b u c h s "  -  t h e  

FK%* B o th  c a t a l o g u e s  r e c o r d e d  t h e  p o d i . t i o n s  and p r o p e r  m o t io n s  

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

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

n a t u r e  b e tw e e n  t h e  two -  l a r g e l y  owing t o  the .  m e tho d s  o f  c o n s t r u c t i o n  

The G .C.  was c o m p i l e d  by  c o m b in in g  a l m o s t  a l l  c a t a l o g u e s  o f  

p K s s x s x s x  p o s i t i o n s  and  p r o p e r  m o t i o n s ,  a n d ,  a s  t h e  number o f  

s t a r s  f o r  which, s u c h  f u n d a m e n t a l  d e t e r m i n a t i o n s  have b e e n  made
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i n  t h e  s o u t h e r n  h e m is p h e r e  i s  much l e s s  t h a n  t h e  number i n
. V. V  ■■ /

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

i s  p e r h a p s  w eake r  f o r  t h e  s p u t h e r n  h e m i s p h e r e .  The FK% b e i n g

o f  a  somewhat d i f f e r e n t  n a t u r e , and l e s s  e x t e n s i v e , i s  p e r h a p s

n o t  q u i t e  a f f e c t e d  t o  t h é  same e x t e n t ,  :This  i s  n o t  c e r t a i n .

The Cape p r o p e r  m o t io n  c a t a l o g u e s  a n t e d a t e  t h e s e

c a t a l o g u e s ,  t h e  f i r s t  volume -  t h e  b r i g h t  s t a r  volume -  b e i n g

p u b l i s h e d  i n  1936* I t s  s y t t e m  o f  r e f e r e n c e  i s  t h u s  n o t  b a s e d

on e i t h e r  o f  t h e  a b o v e , n o r  a r e  c o m p a r i s o n s  g i v e n ,  e x c e p t  w i t h

t h e  " P r e l i m i n a r y  G e n e r a l  C a t a l o g u e "  o f  L .B o s s  o f  1 9 1 0 .  A l s o ,

s i n c e  t h e  p u b l i c a t i o n  of. t h e  G.C.  and t h e  PK-z, a lm o s t  a l l

s u b s e q u e n t  c a t a l o g u e s  have  b e e n  b a s e d  on one o r  o t h e r  o f  t h e s e ,

o r  e l s e  on a  l a t e r  v e r s i o n ,  M orgàn tâ  N30 c a t a l o g u e  ( ^ ) ,  The

same a p p l i e s  t o  i n v e s t i g a t i o n s  o f  p r o p e r  m o t i o n s , :

Thus t o  f a c i l i t a t e  c o m p a r i s o n i .w i th  r e c e n t  a n a l y s e s

o f  p r o p e r  m o t i o n s  -  e s p e c i a l l y  T a n n a h i l l ' s  a n a l y s i s  o f  t h e

G.C. p r o p e r  m o t i o n s  (3 )  -  and  t o  s e e  i f  t h e  c h a n g e , ofi s y s t e m

a f f e c t e d  t h e  d e c l i n a t i o n  o f  t h e  s o l a r  a p e x ,  i t  was d e c i d e d

t o  c o n v e r t  t h é  Cqpe p r o p e r  m o t i o n s  t o  e i t h e r  t h e  G . C . o r  t h e

s y s t e m .  : : : 'A: ' ' '

The l a t t e r  s y s t e m  was t h a t  f i n a l l y  a d o p t e d ,  t h e

c h o i c e  b e i n g  b a se d ;  on a  p a p e r  by  O or t  (4 )  i n  w h ic h ,  a f t e r

c o n s i d e r i n g  b o t h  s y s te m s  and t h e i r  m e th od s  o f  c o n s t r u c t i o n ,

he c o n c l u d e d  t h a t  t h e  FK-z s y s t e m  was p r e f e r a b l e  f o r  t h e

p r o p e r  m o t i o n s  i n  t h e  s o u t h e r n  h e m i s p h e r e  a t  t h e  d e c l i n a t i o n
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o f  t h e  Cape A s t r o g r a p h i c  Zone , T h i s  c o h . c l à s i o n  h a s  b e e n  r e a c h e d  

by  o t h e r  i n v e s t i g a t o r s  -  f o r  e x a m p le ,  t h e  new Cape P h o t o g r a p h i c  

Z o n e - C a t a l o g u e s , f o r  t h e  s k y  s o u t h  o f  d e c l i n a t i o n  -3 0  a r e . b a s e d  

on t h e  s y s t e m ,  a s  a r e  some o f  t h e  Y ale  c a t a l o g u e s  now b e i n g  

i s s u e d  and  r e v i s e d .

To c o n v e r t  t h e  Cape p r o p e r  m o t i o n s  t o  t h e  FK^ 

s y s t e m ,  c o r r e c t i o n s  must  be a p p l i e d ,  A s e t  o f  c o r r e c t i o n s  f o r  

t h i s  p u r p o s e  h a s  b e e n  d e r i v e d  by  W i l l i a m s  ( 3 )  a s  p a r t  o f  an  

i n v e s t i g a t i o n  b f  t h e  L e a n d e r -  McCormick p r o p e r  m o t i o n s . ( 6 ) .  The 

Cape p r o p e r  m o t i o n s  were t o  be i n c l u d e d  i n ' t h e .  a n a l y s e s  i n

o r d e r  t o  im p ro v e  t h e  s o l u t i o n s ,  t h e  M*^Cormick m a t e r i a l  a l l  b e i n g
' a '

c o n f i n e d  t o  t h e  s k y  n o r t h  o f  d e c l i n a t i o n  - 2 3 .  As t h e  McCormick

m a t e r i a l v / a s  r e d u c e d  t o  ÏK3 , i t  was t h u s  n e c e s s a r y  t h a t  t h e  Cape
■.  ■ f t t  •

m a t e r i a l  be a l s o  r e d u c e d  t o  t h a t  s y s t e m .

To o b t a i n  t h e  c o r r e c t i o n s ,  t h e  s t a r s  common t o  

b o th ;  t h e  G ,C,  and  t h e  C ,A .Z ,  c a t a l o g u e s  were  i d e n t i f i e d  -  G.C, 

s t a r s  w i t h  p r o b a b l e  e r r o r s  g r e a t e r  t h a n  1 " i n  e a i t h e r  c o - o r d i n a t e  

b e i n g  o m i t t e d .  I n  a l l  some- 2100 s t a r s  w e rd  t h u s  fo u n d  f o r  

c o m p a r i s o n .  T hese  s t a r s  were  t h e n  d i v i d e d  i n t o  g r o u p s  by  t h e i r  

Cape m a g n i t u d e s  an d  R.A., The m a t e r i a l  was now exam in ed  f o r  

two p o s s i b l e  s y s t e m a t i c  e f f e c t s  .d e p e n d in g  r e s p e c t i v e l y  on R.A. 

and m a g n i t u d e . I n  t h i s  Work t h e  d i f f e r e n c e s  b e tw e e n  t h e  com ponen ts  

#  I n  t h e  s u b s e q u e n t  a n a l y s e s  , o n l y  t h e  m o t i o n s  o f  

t h e  Cape r e f e r e n c e s  s t a r s  were  e m p lo y e d .
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i n  R .A.  an d  B e c .  were  t r e a t e d  s e p a r a t e l y ,

T h e . d a t a  t h u s  d e r i v e d  c o n s i s t e d  o f  t h e  mean 

. d i f f e r e n c e s  i n  R .A,  and  D ec .  f o r  e a c h  h a l f - h o u r  o f  R .A.  f o r  

t h e  m a g n i tu d e  g r o u p s  6 , 0  -, 6 .9 *  7 . 0  -  7 * 9 ,  an d  8 , 0  o h .  The 

mean d i f f e r e n c e s  fo r ;  t h e  whole  zone f o r  e a c h  m a g n i tu d e  g r o u p  

a r e , i n  R .A;  +0V37, -QV30 and -0V44 r e s p e c t i v e l y ,  a n d ,  i n  Dec .  

- 0 " . 1 3 ,  - 0 " , 1 3  and - 0 " , 3 7  ; I n  v iew  o f  t h e  l a r g e  d i f f e r e n c e , 

p " , 8 7 * b e tw e e n  t h e  two g r o u p s  6 . 0 - 6 . 9  a n d  7 , 0  -  7 . 9  i n  R . A . ,  

W i l l i a m s  o m i t t e d  t h e  s t a r s  - b r i g h t e r  t h a n  t h e  s e v e n t h  m a g n i tu d d e  

i n  t h e  s u b s e q u e n t  d e v e l o p m e n t s .

Prom t h e  d e c l i n a t i o n  d i f f e r e n c e s  o f  t h e  r e m a i n i n g  

, two m a g n i t u d e , g r o u p s W i l l i a m s :  c o n c l u d e d  t h a t  t h e  d i f f e r e n c e s  

b e tw e e n  t h e  ^ , 0  -  7 .9  and  t h e  8 .0  on g r o u p s  c o u l d  be w e l l  , 

r e p r e s e n t e d  a s  a  c o n s t a n t  m a g n i tu d e  e f f e c t  o f  0 " .2 2  -  0 " .0 3  

f o r  a l l  r i g h t  a s c e n s i o n s .  The d i f f e r e n c e s  i n  t h e  p r o e r  m o t io n s  

i n  t h e  e i g h t h  m a g n i tu d e  g r o u p  were t h e n  d e r i v e d  by s u b t r a c t i n g  

0 " .2 2  f rom  t h e . s e v e n t h  m a g n i tu d e  d i f f e r e n c e s  and o b t a i n i n g  ÿhe 

mean,  w e i g h t e d  a c c o r d i n g  t o  t h e  numbers  o f  s t a r s ,  o f  t h e s e  

l a t t e r  v a l u e s  a n d . t h o s e  fo u n d  f rom  t h e  e i g h t h  m a g n i tu d e  s t a r s .  

The v a l u e s  t h u s  d e r i v e d  were t h e n  a d o p t e d  a s  t h e  c o r r e c t i o n s  

r e q u i r e d  t o  r e d u c e  t h e  Gape p r o p e r  m o t i o n s  i n  d e c l i n a t i o n  t o  

t h e  G .C.  s y s t e m .  The s e v e n t h  m a g n i tu d e  c o r  r e c t i o n s W i r e  t h e n  

o b t a i n e d  b y  a d d i n g  0 " .2 2  t o  t h e s e  e i g h t h  m a g n i tu d e  c o r r e c t i o n d .  

The r e d u c t i o n s ;  t o  FK3 were t h e n  p e r f o r m e d  u s i n g  t h e  c o r r e c t i o n s
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p u b l i s h e d  ! by K o p ff  ( ^ ) , .  T hese  v a l u e s  were  f i n a l l y  sm oo th ed  

t o  y i e l d  th e ;  a d o p t e d  Cape -  PK3 c o r r e c t i o n s ,  f o r  t h e  s e v e n t h  

an d  e i g h t h  m a g n i tu d e  s t a r s  ;

The r e d u c t i o n s  i n  R . A . , were  f o u n d  t o  be more

c o m p l e x . I t  a p p e a r e d  t h a t  t h e  mean d i f f e r e n c e s  f o r  t h e  s e v e n t h

and  e i g h t h  m a g n i tu d e  s t a r s  , ( and ;weV.C h o t c o n n e c t e d

by a  c o n s t a n t  m a g n i tu d e  e f f e c t  a s W « s  t h e  c a s e  i n  d e c l i n a t i o n ,

b u t  t h a t  t h e r e  was an  . e f f e c t  d e p e n d i n g  on R .A .  The p r o c e d u r e

a d o p t e d  by  W i l l i a m s  w a s Î - -  f i r s t , t h e  d i f f e r e n c e s  S = - - 4 ^ 7

were  p l o t t e d  a g a i n s t  R .A .  and  a  sm ooth  c u r v e  drawn t o  r e p r e s e n t

t h e  v a r i a t i o n .  V a l u e s  were r e a d  f rom  t h i s  c u r v e  and  a d o p t e d  as

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

s y s t e m  o f  U s in g  t h e s e  c o r r e c t i o n s ,  t h e  mean v a l u e s  f o r

were  t h e n  c a l c u l a t e d , a s  were t h o s e  i n  d e c l i n a t i o n .  T hese  were

t h e n  r e d u c e d  t o  FKz by  K p p f f ' s  t a b l e s , a n d  t h e n  s m o o th e d ,  *

The c o r r e c t i o n s  f o r  t h e  f a i n t e r  s t a r s  w e r e  t h e n

d e r i v e d  f rom  c o n s i d e r i n g  t h e  mean v a l u e s  o f  t h e  Cape p r o p e r

m o t i o n s  o f  t h e  s t a r s  e a r l i e r  t h a n  type .  A^ , w h ich  s h o u l d  be

o f  r o u ÿ h l y  t h e  same mean d i s t a n c e  a s  t h e  Cape r e f e r e n c e  s t a r s ,

t h e s e  l a t t e r  b e i n g  n x s e l e c t e d .  T h e i r  v a r i a t i o n  w i t h  R .A.  .

shp m ld  t h e n  p a r a l l e l  t h e  p a r a l l a c t i c  m o t i o n , t h i s  l a t t e r  b e i n g

t h e i r  m ain  co m p o n e n t .  From t h e s e ,  W i l l i a m s  f o u n d  a  w e l l  d e f i n e d

m a g n i tu d e  e q u a t i o n  i n  t h e  d e c l i n a t i o n  m o t i o n s .  T h a t  t h i s  was

n o t  a  . c o lo u r  e q u a t i o n  was f o u n d  by c o n s i d e r i n g  t h e  c o r r e s p o n d i n g

m o t i o n s  o f  t h e  s t a r s  l a t e r  t h a n  s p e c t r a l  t y p e x  ,Ko b e tw e e n
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m a g n i t u d e s  8 .0  and  9 , 9  .

From t h e s e  c o n s i d e r a t i o n s ,  W i l l i a m s  a r r i v e d  a t  

t h e  f o l l o w i n g  v a l u e s ; o f  t h e  m a g n i tu d e  e q u a t i o n  i n  d e c l i n a t i o n ,  

hohe b e i n g  fo u n d  i n  R.A.

Magnitude-  9 . 0  -  9 . 9  1 0 . 0  -  1 0 . 9  1 1 . 0  -  1 1 . 9  R e f .  S t a r s

C o r r e c t i o n  0 - 0 " . 1 0 \  - 0 " . 2 0 ,  - 0 " . 2 3

The above v a l u e s  a r e  a l l  r e f e r r e d  t o  t h e  e i g h t h  m a g n i tu d e  s t a r s .

Thus t h e  c o r r e c t i o n s  t o  r e d u c e  t h e  p r o p e r  m o t io n s  

o f  t h e  s t a r s  o f  m a g n i t u d e s  b e tw e e n  8 , 0  ahd  9 . 9  f ro m  t h e  Gape 

s y s t e m  t o  FK^ . a r e  t h o s e  l i s t e d  i n  t a b l e  ] ^ i j a g s  ' p a p e r .

F o r  s t a r s  f a i n t e r  t h a n  m a g n i tu d e  9 . 9 ,  t h e  c o r r e c t i o n s  i n  R .A.  

a r e  u n a l t e r e d  and f o r  s t a r s  o f ' m a g n i t u d e s  7 .0  t o  7 .9  t h e  v a l u e s  

f ro m  t h e  sm o o th  v a l u e s  o f  r e f e r r e d  t o  a b o v e , a r e  a d d e d .

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

be  a d d e d  t o  t h e  ateHXR v a l u e s  i n  column 8 of. W i l l i a m s *  t a b l e  

a r e  • -

Mag. 7 . 0  -  7 . 9  8 . 0  -  9 . 9  1 0 . 0  -  1 0 . 9  1 1 . 0  on

C o r r » ,  +0**.22 ; 0 - 0 * '.1 0  - 0 " .2 0

' F i n a l l y ,  i n  t h e  f o l l o w i n g  i n v e s t i g a t i o n s ,  'a  

f u r t h e r  c o n s t a n t  c o r r e c t i o n  f o t  t h e  whole  zone  o f  0 " .0 8  i n  t h e  

G.C,  -  FK^ r e d u c t i o n ,  regpmmended by O o r t  ( ^ ) ,  was at a p p l i e d  

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

g i v e n  i n  T a b le  I ,  b e lo w ,  and  a r e  i n  u n i t s  o f  0 " . 0 0 1  p e r  annum 

- t h e  same u n i t s  a s  t h e  l a s t e d  m o t i o n s  i n  t h e  Cape c a t a l o g u e s .  •



TABLE I

: R .A .
p n

43
1 13

43
2" 13

43
3

i i
t 15-

45
3 • 15

43
6 ■ 15

43
7  ; 15

45
8 15.

45
9 15

43
10 15

45
11 15

45
12 15

45
13 15

43
14 15

43
13 13

43
16 13

45
17 15

45
18

i i
19 15

45
20 15

43
21 13

45
22 15

45
23 15

■45,.

L Z . O - Z , 9  8 , 0 -  , i
?B -  FK3 REDUCTIONS 

7 . 0 - 7 . 9  8 . 0 - 9 . 9
4 ^ '

1 0 . 0 - 1 0 .9 1 1 / 0 -  :
+ 1 . 7 -  1 . 5  \ + 8 . 0  7 + 5 .8 + 4 .8 + 3 . 8
+ 3 . 0 0 . 8 + 5 . 1 + 2 .9 :+ 1 . 9 + 0 0 .9

. + 4*6 -K 0 . 3  : + 4 . 9 + 2 .7 + 1 . 7 + 0 . 7
+ 5^3 + 0 . 6 + 3 . 9 + 1 .7 + 0 . 7 -  0 . 3
+ 2 . 3 -  2 . 6 + 4 . 9 + 2 .7 : :+ 1 .7 + 0 . 7

’ -  0*6 — 6 . 1 + 6 . 9 + 4 .7 : + 3 . 7 + 2 . 7
-  3 . 0 -  8 . 7 " ' + 9 . 1 + 6 .9  ■ + 5 . 9 + 4 . 9  V
-  2 .2 -  8 .1 +1 0 .8 + 8 .6 -, . + 7 . 6 + 6 .6
-  2 . 7 -  8 .8  , +1 0 .2 + 8 .0 : + 7 . 0 + 6 .0
-  0 , 3 -  6 .6 +1 0 .2 + 8 .0 + 7'.0 + 6 .0
“ 2 .8 - 8 . 9 + 7 . 2 + 5^0 . + 4 , 0 + 3 . 0
-  2 ,6 -  8 . 3  ' + 6 .2 + 4 . 0 ; + 3 .0 + 2 .0
-  4 . 4 ^1 0 .1 + 5 . 6 + 3 . 4 . + 2 .4 + 1 . 4
-  4 . 0 - 9 . 5 7 + 6 .8 + 4 . 6 : + 3 .6 + 2 .6
- 4 . 3 - 9 . 4 7 + 6 . 7 + 4 . 3  ; . + 3 .5 + 2 . 5
-  5 . 4 - 1 0 .1 + 4 . 1 + 1 . 9 + 0 .9 -  0 ,1
-  6 . 7 - 1 1 ,0  : : + 2 .0 0 .2 ■ -  1 .2 - 2 ,2
-  6 . 3 i  - 1 0 . 3 7 % + 0 .2 -  2 ,0  : : -  3 . 0 -  4 . 0  ,
-  3 . 8 - ':-7.0;::; -  0 .8 -  3 .0 . -  4 . 0 -  5 . 0
-  1 .2 i  7  3 .8 - -  2 .9 -  5 .1 - 6 .1 -  -  7 . 1

0 .8 — 2 .8 - 2 .1  ̂ -  4 . 3 -  5 . 3 - 6 . 3
-  0 .8 -  2 .2 - 2 .6 — 4 . 8  , -  5 . 8 -  6 .8
-  2 .9 ) 7  3 . 7 -  1 . 7 -  3 . 9 : -  4 . 9 ■ -  5 . 9
-  4 . 0 : -  4 . 2  7 -  0 . 4 — 2 .6 -  3 . 6 -  4 , 6
-  5 . 1 - . 7  4 . 7 7 + 0 .2 -  2 ,0 - 3 . 0 : -  4 , 0
-  5 . 3 -  4 . 3  : + 0 .6 -  1 .6 -  2 .6  . -  3 . 6
-  5 . 4 -  3 . 9 7 -  0 . 7 -  2 . 9 -  3 . 9 -  4 . 9
-  4 . 8 -  2 . 9 -  1 . 9 -  4 i l -  5 . 1 -  6 .1
-  1 . 9 + 0 . 4 -  1 .0 -  3 . 2 : : -  4 . 2 . "  5 . 2
T 1.1 + 1 .6 + 1 . 7 -  0 . 3 -  1 . 5 -  2 , 5
-  0 , 4 + 2 . 3 + 4 . 4 + 2 .2  ■ + 1 .2  : + 0 .2
+ 0 . 5 + 3 .6 3 + 5 . 9 + 3 . 7 ; + 2 . 7 .: + 1 . 7
+ 1 .0 + 4 . 3 ; : + 6 . 7 + 4 . 5 •■ + 3 . 5 . + 2 .5
+ 3 . 3 + 6 .6 + 9 . 7 + 7 . 5 + 6 . 3 :+ 5 . 5
+ 3 . 6 7  6 . 9 + 1 0 .9 . + 8 .7 + 7 . 7 + 6 . 7
+ 3 . 3 + 6 . 4 - +1 3 .5 + 1 1 .3 + 1 0 .3 + 9 .3

0 + 2 .9 +1 2 .0 + 9 . 8 + 8 .8 . 7 .8
-  2 . 9 -  6 . 2 . +1 2 .6  : . + 1 0 . 4 + 9 . 4 + 8 , 4
-  3 . 8 -  1 . 5 +1 0 .9 + 8 .7 + 7 . 7 + 6 . 7
« 3 . 2 -  1 . 3 +1 1 .3 + 9 .1 + 8 .1 + 7 . 1

3 . 6 ; -  2 ',1 +1 2 .1 + 9 . 9 + 8 . 9 + 7 . 9
-  2 .1 ' -  1 .1 +1 2 .2 .+ 1 0 .0 + 9 . 0 + 8 ,0
+ 1 .1 ‘: ' - 7 ; i . 5 7 +1 1 .7 + 9 . 6 + 8 . 3 + 7 . 5
t  3 . 1 + 2 .9 + 9 .9 + 7 . 7 + 6 . 7 + 3 . 7
+ 3 . 4 + 2 .6 + 9 .7 + 7 . 5 + 6 . 3 + 5 . 5
+ 2 . 8: + 1 . 4 +1 0 .4 + 8 .2 ' + 7 . 2 + 6 .2
+ 3 . 2 + 1 .2 +1 0 .7 + 8 .3 + 7 . 5 + 6 . 5
+ 1 .8 . -  0 .8 +1 0 ,0 + 7 . 8 + 6 .8 ; -, + 5 . 8

A  t  F h j

cb'** tttffn
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The c o r r e c t i o n s  l i s t e d  above i n  t a b l e  I  a r e  g i v e n  

f o r  f o u r  m a g n i tu d e  g r o u p s  and  f o r  e a c h  h a l f - h o u r  o f  r i g h t  

a s c e n s i o n ' ,  . b e i n g  t h e  c o r r e c t i o n  i n  R . A , , and ; t h a t  i n '

D ec ,  A c c o r d i n g l y ,  s e p a r a t e  s c a t t e r  d i a g r a m s  wéee made f o r  e a c h  

h a l f  h o u r  o f  R .A, f o r  e a c h  o f  f i v e  s p e c t r a l  g r o u p s  f o r  e a c h  

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

s e p a r a t e .  I n  p r a c t i c e ,  a s  t h e  f a i n t  d t a r  volume c o n t a i n e d  o n l y

one o r  two s t a r s  b r i g h t e r  t h a n  t h e  9t h ,  m a g n i t u d e  on t h e  /  

i n t e r h a t i o h a l  s c a l e , s c a t t e r  d i a g ra m s  were  made,  f o r  e a c h  

h a l f  h o u r  o f  R .A,  o f  e a c h  s p e c t r a l  g r o u p ,  f o r  t h e  f o l l o w i n g  

m a g n i tu d e  g r o u p s  f o r  e a c h  volume o f  th e ,  c a t a l o g u e s , -

B r i g h t  S t t r s : :  7 . 0 - 7 . 9 ,  8 . 0 - 8 . 9 ,  9 . 0 - 9 . 9 , 1 0 . 0 - 1 0 . 9 ,  1 1 . 0 -  

' F a i n t  S t a r s  : -  9 . 0 - 9 . 9 , 1 0 . 0 - 1 0 . 9 ,  1 1 . 0 -

T h i s  e n t a i l e d  p r e p a r i n g  a maximum o f  1 930 s c a t t e r  

d i a g r a m s .  The. a c t u a l  t o t a l x  was somewhat l e s s ,  a s  n o t  a l l  t h e  

m a g n i tu d e  g r p u p s  were p r e s e n t  fo r .  e a c h  s p e c t r a l  g ro u p  i n  e a c h  

r e g i o n ,  ; , \  \

The s p e c t r a l  g roups ,  em ployed  were  o f  t y p e s  Bg -  A^,

i n c l u s i v e  - ■ c a l l e d  t h e  A - ty p e  s t a r s  $ A3 -  F 3 i n c l u s i v e  -  t h e

F - t y p e  s t a r s  Î Fg -  G3 i n c l u s i v e , t h e  G - ty p e  s t a r s  ; Ko - . M i n c l u s i v e  

-  t h e  K - ty p e  s t a r s  and f i n a l l y  t h e  u n c l a s s i f i e d  s t a r s  -  t h e  

U- o r  U n . , s t a r s . SârâTS o f  s p e c t r a l  t y p e s  e a r l i e r  t h a n  Bg were 

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

anom a lo us  b e h a v i o u r  a s  r e g a r d s  s t a r - s t r e a m i n g .  O th e r  o m i s s i o n s



were,  t h e  c o u n t i n g  o f  b i n a r y  s t a r s  a s  s i n g l e  s t a r s  and  v a r i a b l e  

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

A f t e r  t h e s e i o m i s s i o n s ,  38 765 s t a r s  r e m a in e d  f o r  a n a l y s i s .

The d i s t r i b u t i o n  o f  t h e s e  s t a r s  by s p e c t r a l  g r o u p  and R .A. i s  

g i v e n  i n  T a b le  I I ,

I n  t h e s e  s c a t t e r  d i a g r a m s  t h e  p r o p e r  m o t i o n s  

were  u s e d  a s  g i v e n  i n  t h e  Cape c a t a l o g u e s  an d  t h e  d i s t r i b u t i o n  

c o u n t s  on t h e  s y s t e m  p r e p a r e d  by i n t r o d u c i n g  t h e  c o r r e c t i o n s  

g i v e n  i n  T a b le  I  a s  a  change  o f  o r i g i n .

The d i s t r i b u t i o n  c o u n t s  were  nade  f o r  e v e r y  

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

c o u n t s  f o r  a l l  m a g n i t u d e s x  g r o u p s  o f  a  g i v e n  s p e c t r a l  g ro u p  

were  t h e n  com bined  a n d ,  f ro m  t h e s e ,  a  sm o o th e d  d i s t r i b u t i o n  

o b t a i n e d  by t a k i n #  r u n n i n g  means o f  t h r e e  s u c c e s s i v e  s e c t o r s .  

T hese  c o u n t s  were  t h e n  drawn on g r a p h  p a p e r  w i t h  o r d i n a t e  

t h e  number o f  s t a r s  moving i n  a  g i v e n  s e c t o r  o f  p o s i t i o n  

a n g l e  and  a b s c i s s a  t h e  p o s i t i o n  a n g l e s .  T h ese  f i n a l  c o u n t s  

were  t h e  s u b j e c t  o f  t h e  s u b s e q u e n t  a n a l y s e s ,

' .

The f i r s t  a n a l y s i s  was, f o r  ALL s t a r s  -  i . e .  

s t a r s  Of known s p e c t r a l  t y p e s  and  t h e  u n c l a s s i f i e d  s t a r s .

T h i s  a n a l y s i s  was t o  be p e r f o r m e d  by E d d i n g t o n ' s  " T r i a l  and  

E r r o r "  m e th o d .  B e f o r e  t h e  a n a ly s i s ,y t f a s  commenced,  h o w e v e r ,  i t  

was n e c e s s a r y  t o  know w h e t h e r  t h e  o m i s s i o n  o f  s t a r s  b r i g h t e r  

t h a n  t h e  s e v e n t h  m a g n i tu d e  would  . a f f e c t  t h e  y j f i s u l t s , a n d ,  i f  . 

s o ,  t o  wha t  e x t e n t ' . T h i s  i s  now i n v e s t i g a t e d ,



TABLE.II
DISTRIBUTION OF,STARS BY SPECTRAL TYPES AND BY REGIONS,
R e g io n  No,

1 
2
3
4

■ 3 
6
7
8
9 

10
11 
12
13
14 
13 
16
17
18
19
20 
21 
22
23
24 
23 
26
27
28
29
3 0
31 .
32

■ g
33
36
37
38
39  

. 4o
41
42
43
44 '
43 
46

%
TOTAL

 ̂ A F G . K ALL
12 58 171 91 374
13 62 175 73 372
16 61 142 102 366
16 54 131 78 333
14 61 136 76 331
17 73 147 107 396
22 77 150 128 445
24 83 1 7 $ 119 4 4 ?
37 89 160 \ 105 455
41 127 184 134 515
37 114 150 151 490
74 118 ‘ 198 121 542
99 151 149 154 630

167 186 212 202 823
251 229 185 210 9 ÿ
482 176 169 196 1061
821 222 164 219 1455
8o4 298 172 226 1568
379 263 220 207 1349
309 260 233 238 1385
411 265 221 296 1301
305 208 226 273 1060
227 193 262 213 933
203 165 22ÔÎÏ ■ 255 886
187 165 260 236 907
189 193 26? 250 941

■ 26»  . 163 254 270 981
253 197 280 28# 1053
293 170 240 198 923
305 133 239 204 908
333 223 '296 278 1368
717 233 281 263 1527
665 166 198 218 1268
743 186 151 216 1328
721 196 263 278 i 4 8 6
582 216 248 258 1319
276 143 269 186 837
l 4 l 142 183 181 674
101 107 194 167 579

39 133 198 165 566
. 4 7 ' 98 168 148 477

33 90 169 130 446
32 90 178 121 439

32 78 168 171 466
. 26 63 218 151 473

20 80 209 136 468
22 . 58 183 151 449
22 81 157 124 44o

$'8T7B5'‘1 1 , 3*2
nsszxar.

( y 0 ,7 5 0



Gn t h e  t w o - d r i f t  t h e o r y ,  t h e  d i s t r i b u t i o n  o f  s t e l l a r ,  
p e c u l i a r  l i n e a r

v e l o c i t i e s  i s  g o v e r n e d  by a  ; law  o f  t h e  f o r m ! -

f o r  e a c h  d r i f t ,  where  i s  t h e  number:  o f  s t a r s  b e l o n g i n g

t o  t h e  d r i f t  w i t h  v e l o c i t i e s  b e tw e e n  U. and  w-f and

and  443 and  w •< and ^  i s  a  c o n s t a n t .  I f  t h e  t o t a l

number o f  s t a r s  b e l o n g i n g  to ,  t h e  d r i f t  i s  /%/ , t h e n  we have  I^

' -■f:  : ' . ; ' .  - 7 T " j  ( 2 ) -

and  c o v e r s  a l l  m a g n i t u d e s  and d i s t a n c e s , ■

Now l e t '  be t h e  d e n s i t y  f u n c t i o n  s u c h  t h a t

t i le  p r o p o r t i o n  o f  s t a r s  w i t h  d i s t a n c e s  b e tw e e n  Y and  arid

c o n t a i n e d  w i t h i n  à  s o l i d  a n g l e  i s J / r )  ,

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

f u n c t i o n s  o f  A p p a r e n t  m a g n i t u d e s  h«  and s t e l l a r  l i n e a r  v e l o c i t i e s  

be<i^jw) i^î^and ÿ/«,a^^^^/£0? e s p e c t i v e i y é

Then ,  i f  i s  t h e  number o f  s t a r s  w i t h

a p p a r e n t . m a g r i i tu d e s  b e tw e e n  mi" and vw d i s t a n c e s  b e tw e e n  -r*

and «T Y c/y  and  t r a n s v e r s e  l i n e a r  v e l o c i t i e s  b e tw e e n  U and

U t  and  &r a n d  tr-f , we have  I -

^  ^  a / • • • • • • • • •.  (3)

I n  t h e  l a t e r  s&ages we . w i l l  t a k e  t h e  d r i f t  fo rm  f o r

^ . e . ; ; , : ;  ■' \  , -v

- : ,  _  .



I t  i s  n o t  n e c e s s a r y  t o  s p e c i f y  t h e  form  o f  e x c e p t  t o

s t a t e  t h a ÿ ^ t  p r e s e n t a#

-  1 . . . . . . . .  . . . . . ( 5 )

The fo rm  t b  be t a k e n  f o r  4 W m u s t  f m r s t  be d e c i d e d .

T h a t  u s u a l l y  t a k e n  i n  s t a t i s t i c a l  work  i s  t h e  G a u s s i a n  fo rm
. I f  \
( ^  ^  , where  cc and m o  a r e  c o n s t a n t s  ) I t  m ust  t h u s

be d e t e r m i n e d  w h e t h e r  t h i s  fo rm  a p p l i e s . t o  t h e  Cape a s t r p g r a p h i c  

zone , :

I n  t h e  i n t r o d u c t i o n  t o  t h e .P a i n t  S t a r s  vo lum e ,

J a c k s o n ( 8 ) f i n d s  t h a t  t h e  c a t a l o g u e s  a r e  c o m p le t e  t o  a b o u t  

m a g n i tu d e  1 0 . 2  . F r o m  t a b l e s  i n  t h e  i n t r o d u c t i o n  we o b t a i n  

t h e  f o l l o w i n g  f i g u r e s  f o r  t h e  numbers o f  s t a r s  o f  g i v e n  m a g n i t u d e s .

. TABLE I I I
NUMBERS OF STARS OF GIVEN MAGNITUDES -  BOTH CATALOGUES.

m h'1«h) m m rt,' («0
8.0 272 278 : 8.8 562 574 9.6 1085 1136
8,1 302 305 ■ 8 .9 “ 619 626 9,7 1265 1234
8,2 335 335 9.Ô 704 683 9,8 1388 1338
8,3 390 367 9 .1 803 745 9.9 1457 1452
8.4 4o8 402 9.2 776 812 10,0 1588 1574
8,5 44o 439 9 . 3 865 883 10,1 1734 „ 1705
8,6 477 481 9 . 4 954 961 10,2 18S6 - ,1845
8.7 : 561 525 9.5 1057 1045 10.3

10.4  
T o t a l

1983
2093

23984

1996
2157

23898

I n  t h e  above t a b l e  Ot i s  t h e  m a g n i tu d e  , t h e  o b s e r v e d
anmbex af skxxs khak
number o f  s t a r s  o f  t h a t  m a g n i tu d e  andii^^<i*)the number c a l c u l a t e d  

f ro m  e q u a t i o n  ( f l )  o f  t h i s  s e c t i o n .



I f  we now take  n(*nl -  H f  th en  we have%-

(6 )

w h e r e ,

-  a *

( 7 )

A l t e r n a t i v e l y ,

=  P* +  4- ( 8 )

( 9 )w h e r e ,  P ' = — S —  , y  = _ S -  , R ‘ = __5 - ................................
9>3026

and 4, = / î ^ $ 7 ^ i  »«c = " i  Î  *3U3̂  ̂ j Î . . .  ( 1 0 )
 ̂ ^ /y/e' J/ / f

A p p ly in g  ( 8 )  t o  t h e  f i g u r e s  i n  t a b l e  I I I  we o o t a i n  

20  e q u a t i o n s  i n  t h e  t h r e e  u n k n o w n s. T h e se  w ere  s o l v e d  by t h e  

m e th o d  o f  l e a s t  s q u a r e s ,  t h e  s o l u t i o n s  b e i n g * -

a  =

m o  = 7Q-3Ù

A = 2*9,

(11)

We t h u s  h a v e ,

and

  (1 2 )

_  W-36)^
n\*H^ = €    ( i j )

jt Tk< înVs mr S‘7j 9*0  ̂ 9 I, 9^;  10 ) wei* *\ok inclo4<A.
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The v a l u e s  o f  c a l c u l a t e d  f rom  (12 )  f o r  e a c h  v a l u e  o f  m

a r e  g i v e n  i n  th e ,  co lum ns h e a d e d  T a b l e  I I I .  I t  c a n  b e

s e e n  t h a t  t h e r e  i s  a  good m easu re  o f  a g r e e m e n t  b e tw e e n  t h e

o b s e r v e d  and  c a l c u l a t e d  v a l u d e  of  t h e  t w o .  The v a l u e s  o f  n / m )

and  a r e  a l s o  p l o t t e d  a g a i n s t  m  i% F i g u r e  I ,  t h e  o b s e r v e d

v a l u e s  b e i n g  p l o t t e d  up  t o  m a g n i tu d e  1 1 . 4 .  The r e s u l t s  f u l l y

c o n f i r m  J a c k s o n ' s  e s t i m a t e  o f  Wl -  1 0 . 2  a s  t h e  l i m i t  o f

c o m p l e t e n e s s  o f  t h e  c a t a l o g u e .

T h ree  o t h e r  p o i n t s  w o r th y  o f  n o t e  a r i s e  f rom  t h e

gbove%- ( i )  t h e  t o t a l  number o f  s t a r s  i n  t t h e  zone  a s

e x p e c t e d  f ro m  (1 3 )  i s  — = 2 192 3 0 0 .  The e x p e c t e d  number
Cl ,

b e tw e e n  m a g n i t u d e s  7 an d  1 0 . 4  i s ,  f rom  ( 1 5 ) ,  25 6 0 7 .  The

o b s e r v e d  number i s  25 7 4 3 .  The o b s e r v e d  num bers  o f  s t a r s  up

t o  t h e  l i m i t  o f  c o m p l e t e n e s s  a r e  t h u s  w e l l  r e p r e s e n t e d  by ( 1 3 ) . ,

( i i )  t h e  e f f e c t  o f  o m i t t i n g  s t a r s  b r i g h t e r  t h a n

t h e  s e v e n t h  'm agni tude  w ou ld  be t o  o m it  0 . 0 0 4 5  p e r  c e n t , ,

and  ( i i i )  f rom  c o u n t s  o f  s t a r s  b e tw e e n  a p p a r e n t  :

m a g n i t u d e s  2 and 17 on t h e  F r a n k l in - A d a m s  c h a r t s ,  c o v e r i n g  t h e
(3!

whole  s k y ,  Chapman and  M e l o t t e k f o u n d  th e .  d i s t r i b u t i o n  f u n c t i o n

Altn") = A €   . . . . . ( 1 4 )

T h u s ,

t h e  s t a r s  i n  t h e

i t  i s ,  a p p a r e n t  t h a t  o n l y  some 60 p e r  c e n t ,  o f  

c a t a l o g u e s  a r e  d i s t r i b u t e d  a c c o r d i n g  t o  ( 1 3 ) .  

From f i g u r e  I  i t  c an  be s e e n  t h a t  t h e  a c t u a l  d i s t r i b u t i o n  i s  , 

a  s k è w - g ç m s s i a n  c u r v e ,  and t h e  d i s t r i b u t i o n  f u n c t i o n  i s  p r o b a b l y



4!^

o f  t h e  f o r m î "

nV^'^ = +  —   (15)

where = 6'M) = i i r © W l ,
“* ♦ . . , * ♦ ( 1 6 )

and  A$p a r e  c o n s t a n t s .

Now f rom  ( 3 )  we have I -

^lm)Q/ji(^^)dvd^di^tr......................................... (17  )

where  A// I s  t h e  t o t a l  number o f  s t a r s  i n  t h e  &&ne o f  a l l  

m a g n i t u d e s  and d i s t a n c e s .  Now a s

v n  = ^  ^  -  5"   ( 1 8 )

where  M -  a b s o l u t e  m a g n i t u d e ,  we h a v e ,  on p u t t i n g

Mo = M + 3 .............. (1 9 )

. %  = / P i . ( 20)

Then ,  by  o m i t t i n g  s t a r s  b r i g h t e r  t h a n  t h e  s e v e n t h  

a p p a r e n t  m a g n i t u d e ,  we have  t h e  number o f  s t q r s  w i t h  t r a n s v e r s e  

l i n e a r  v e l o c i t i e s  b e tw e e n  U and ùt ^ a n d  ’ü" amd v ^ ^ f u ' t o  b e T

j f r ' } f r j < : / y -iTXgyJ cfMo . . .  (2 1 ) 

l * S J c p y
ï h e j a s t  two t e r m s  amount t o  a  c o n s t a n t ,  so  t h a t ,  i n  e f f e c t , 

becomes /Pi  ̂ , and  we h a v e î -

^  ^ l U i i r )  d u  dsj'' '... .............



j
and i s  t h e  number o f  s t a r s  i n  t h e  r e g i o n  o f ,  o r  f a i n t e r  

t h a n ,  t h e  s e v e n t h  a p p a r e n t  m a g n i t u d e .  I n  t h i s  c a s e  theafc  i s  

t h u s  no e f f e c t  on t h e  d e t e r m i n a t i o n  o f  t h e  d r i f t  c o n s t a n t s  

t h e  s u b s t i t u t i o n  o f  f o r  Â / a c t i n g  p r o p o r t i o n a l l y  o v e r  

t h e  whole  o f  t h e  r e g i o n .

I n  t h e  a n a l y s e s  t h a t  a r e  t o  be p e r f o r m e d  now, 

two m o d i f i c a t i o n s  a r e  n e c e s s a r y  t o  t h e  above  r e s u l t s .  F i r s t l y  

t h e  f u n c t i o n  4 Îw) must  be r e p l a c e d  by t h a t  a p p r o p r i a t e  t o  t h e  

m a t e r i a l  -  f o r  e x a m p le ,  ( 1 5 ) -  we w i l l  w r i t e  t h e  f u n c t i o n

a s  ’p('Vn) , I t  w i l l  n o t  be n e c e s s a r y  t o  s p e c i f y  i t  a s  i t  w i l l  be 

a  f u n c t i o n  o f  »w a l o n e .  S e c o n d l y ,  h o w e v e r ,  t h e r e  w i l l  a l s o  

be a  d i s t a n c e  l i m i t  o f  some k i n d  f o r  t h e  s t a r s  u s e d .  T h i s  w i l l  

n o t  be a  d e f i n i t e  l i m i t ,  b u t  t h e r e  w i l l  p r o b a b l y  be some mean 

maximum d i s t a n c e  o f  t h e  s t a r s  u s e d  -  p o s s i b l y  c o r r e s p o n d i n g  

t o  t h e  mean minimum a p p a r e n t  m a g n i tu d e  o f  t h e s e  s t a r s  } c i r c a  

mag, 1 1 . 4  ) , L e t  t h i s  u p p e r  d i s t a n c e  l i m i t  be R  , The number 

o f  s t a r s  w i t h  t r a n s v e r s e  l i n e a r  v e l o c i t i e s  b e tw e e n  u  and 

and V  and f ro m  t h e  number ofi s t a r s  MiSàxxHxïêëiâSst iÿSKS

w i l l  t h e r e f o r e  b e t -  ^

. . .  (23 )

0
The l a s t  two f a c t o r s  w i l l  a g a i n  become a  c o n s t a n t  

an d  we w i l l  have%-

=  AZ . . . . .  (2 4 )

where  i s  t h e  number o f  s t a r s  i n  t h e  r e g i o n  w i t h  m  ,



Hî>

T h u s ,  t h e r e  w i l l  be no change  i n  th e  d e t e r m i n a t i o n  o f  t h e  

d r i f t  c o n s t a n t s  o c c a s i o n e d  by o m i t t i n g  t h e  s t a r s  b r i g h t e r  

t h a n  t h e  s e v e n t h  a p p a r e n t  m a g n i tu d e .  T h is  a l s o  a p p l i e s  t o  

t h e  v e l o c i t y  e l l i p s o i d .  I t  h a s ,  o f  c o u r s e ,  b e e n  assum ed  t h a t  

t h e  f u n e t i o n d o e s  n o t  depen d  on t h e  m a g n i tu d e s  o f  t h e  

s t a r s  o r  t h e i r  d i s t a n c e s ,  •

4 ,
As was s t a t e d  a t  th e  b e g in n i n g  o f  s e c t i o n  3 

o f  t h i s  c h a p t e r  t h e  f i r s t  a n a l y s i s  was f o r  ^ 1  s t a r s  and  was 

p e r fo r m e d  on t h e  t w o - d r i f t  t h e o r y  by E d d i n g t o n ' s  " T r i a l  and  

E r r o r "  m e th o d .  48 r e g i o n s  w ere  u se d  and a  c u rv e  a n a l y s e d  f o r  

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

f o r  e a c h  r e g i o n  was made from  th e  s l o p e  o f  t h e  D r i f t  I  p a r t  

o f  t h e  c u r v e ,  i t s  a m p l i tu d e  and  th e  p o s i t i o n  o f  i t s  maximum*

The D r i f t  I I  c o n s t a n t s  w ere t h e n  e s t i m a t e d  from  th e  a p p a r e n t  

p o s i t i o n  o f  i t s  maximum and  t h e  number o f  s& a rs  a v a i l a b l e  

a f t e r  e s t im a t in g  D r i f t  I ,  S u b s e q u e n t ly  t h e s e  o r i g i n a l  v a l u e s  

w ere  a l t e r e d  a s  was n e c e s s i t a t e d  by  t h e  f i t  o f  t h e  o r i g i n a l  

c a l c u l a t e d  c u r v e .  The number o f  t r i a l s  p e r  r e g i o n  v a r i e d  

b e tw e e n  one and  s e v e n ,  t h e  a v e ra g e  num ber b e in g  f o u r .  I n  a l l  

b u t  e l e v e n  c a s e s  a  v e ry  c l o s e  f i t  was o b t a i n e d .  F o r  t h é  f i r s t  

e l e v e n  r e g i o n s ,  h o w e v e r ,  t h e  o b s e rv e d  c u r v e s  w ere  v e r y  i r r e g u l a r .  

One f e a t u r e  o f  t h e  a n a l y s i s  was th e  g e n e r a l  p rom iitence  o f  

D r i f t  I  , D r i f t  I I  a t  t im e s  b a r e l y  m aking  any  c o n t r i b u t i o n  to  

t h e  sh a p e  o f  th e  c u rv e  and  o n ly  f i x i n g  t h e  'b a c k g ro u n d *  num bers



LtG>

o f  s t a r s .  I n d e e d  i n  two c a s e s  a  l o c a l  D r i f t  I I  v e l o c i t y  o f  0

was o b t a i n e d ,  w h ich  r e s u l t s  i n  t h e  D r i f t  I I  c o n t r i b u t i o n  i n

th e  r e g i o n  b e in g  e q u a l  i n  e v e r y  d i r e c t i o n .  The d e t a i l s  o f  th e

a n a l y s i s  f o r  e a c h  r e g i o n  a r e  g iv e n  i n  T a b le  IV , b e lo w .

The s o l u t i o n s  f o r  e a c h  r e g i o n  f o r  e a c h  d r i f t  w ere

t h e n  com bined  t o  d e te rm in e  t h e  p o s i t i o n s  o f  t h e  d r i f t  a p i c e s

and t h e  s p a c e  v e l o c i t i e s  o f  t h e  d r i f t s  -  i n  t e r m s  o f  t h e
1

t h e o r e t i c a l  u n i t  o f  v e l o c i t y  g  , Each r e g i o n  c o n t r i b u t e d  an  

e q u a t i o n  o f  th e  f o r m ! -

-X Since + Y Cosa = hV S in 6  A
>  (1 )

-  X C o sa S in ô  -  Y S in a S in ô  + Z CosÔ = hV C osdJ

w here  ( a , 5) a r e  t h e  e q u a t o r i a l  c o - o r d i n a t e s  o f  t h e  c e n t r e  o f  t  

t h e  r e g i o h  and  ( X,Y,Z ) a r e  th e  e q u a t o r i a l  l i n e a r  com ponen ts  

o f  t h e  s p a c e  v e l o c i t y  o f  t h e  d r i f t  r e l a t i v e  t o  th e  s u n .  T hen , 

i f  t h e  d r i f t - v e l o c i t y  i s  hW an d  th e  a p e x  h a s  e q u a t o r i a l  c o - o r d 

i n a t e s  ( A,D ) ,

X = hW CosACosD \

Y = hW SinACosD 

Z = hW SinD

(2 )

J

F o r  t h e  Cape a s t r o g r a p h i c  z o n e ,  Ô i s  c o n s t a n t  and  

i s  - 4 5 ° 4 7 * .  The e q u a t i o n s  ( l )  f o r  e a c h  d r i f t  and  r e g i o n  v/et?e t  

t h e n  s o l v e d  by t h e  m ethod  o f  l e a s t  s q u a r e s .  The p o s i t i o n s  and  

v e l o c i t i e s  f o u n d ,  t o g e t h e r  w i th  t h e i r  p r o b a b l e  e r r o r s , a r e  g iv e n  

i n  T a b le  V.



X//

TABLE IV
DRIFT ANALYSIS FOR ALL STARS -  ON THE FK^ SYSTEM.

1
R
1
2
3
4

I
; 7

8
9

10
I I  
12 
13

hV
1.0
0*9
1.2
1.1
0 , 8
1 . 1
1 , 2
0 . 9
0 .8
1.0
1 . 5
1.0
1.0

l i i E i . i
15
16
17
18
19
20 
21 
22
23
24

|1 . 5
[ 1 .5
11.7
1 .7
1 . 7  
1 .6 5

Ï 1 . 9  
1 ,6  

11 .7 -  
; 1 . 9

N,
2"4o 
250 
l 80
167
171
1 8 3 .
156
220
300
255
170
251
370
549

782
1042
1130

964
815
662
611
6 0 $
575

6, I hVa
8 t ? J  0 .8
80
80
70
55
50
30
10
io

0
0

340
325
320
310

0 .7
0 .5
0 . 4
0 .6
0 .3
0 .3
0.2
0 .3
0.2
0 .5
0 .5
0 .5
0 .5
0 .5

2 9 6 . 2 5 0 .5 5
2 8 7 .5
280 ,
275
275
270 :
265
265

0 . 7
0 .7

go.7
0 . 9
0 .8

10.7
0 .8

Na . 6,

122 24o 
186 220 
166 230 
160 215 
213 230 
289 230 
227 220 
155 280 
260 270 
3 2 0 .2 7 0  
291 260 
260 230 
274 250 
308 265 
279 245
413 245 
438 240
385 215 
570 230 
639 220 
449  200
324 185

HI hV, 
2511T9
2 6 I1 .9
27 1 .9
28 1 .9
29 1 .5  
3 0 |1 ,3  
131 1 .5  
32  1.1
3 3 | 1 . 0
3 4 I 0 .8
!3 5 b .8
36 0 .9

39 1 .5

2 6 2 .5  0 . 7  311 195

i4o 1 .1  
| 4 l | o . 8  
142

;

47
848

2 4 7 .5
2 3 7 .5

1020

2 0 2 .5

1 6 7 .5
1 8 2 .5

TABLE V 
DRIFT CONSTANTS

r"^:~™"~':DR'ri T I ■ ■ Î D R ÎF T ÏÏ ' "
:.....0 .3 0 7 9 5  i : 0 . 03291 ... .. i"'-..... ......0 . 3 5 l 6 6 ftk 0 .0 2 7 8 2
: ( 0 .0 5 2 0 .0 3 5  ) : 1 . . ( 0 .0 9 3 0 .0 2 9  )

Y 1 .4 1 6 0 1 0 .0 3 2 9 1 - 0 .0 9 2 6 9 0 .0 2 7 8 2
( 1 .4 4 6 O.O32 ) ( - 0 .1 4 0 0 .0 2 6  )

z - 0 .1 4 9 8 4 0 .0 4 1 0 2 - 0 .3 8 4 6 9 0 .0 3 4 6 8
; ( - 0 .2 1 7 0 .0 4 4  ) 1 . ( - 0 .6 2 8 0 .0 3 6  )

A 77°. 7 1°.0 ■ 1 ■ 3 4 5 “ 5 13!  2
( 88 iO 1 . 4  ) (3 0 3 .6 9 . 5 )

D -  5° 9 -  4 6 !  6 33)! 2
( -  8^5 0 .6  ) ( -  7 5 .0 2 . 4  )

hW 1 .4 5 7 0 .0 3 5 0 .5 2 9 0 .0 3 4
( 1 .4 6 3 0 . 0 3 5 ) 1. (0 .6 5 0 0 . 0 3 5 )

Na.__ 6ft. _ I 
'5 5 5 '2 0 5  
34 0  200 
286 200 
33 9  170 
170 1 4 ? .  
195 145 
348 135
690 160 
367  95

487 150
421
346
308  150 
263 290 
256 250 
226 240 
248 200
290 160 
224  24o 
126 250

S m a rt  and T a n n a h i l l ' s  r e s u l t s  a r e  g iv e n  i n  b r a c k e t s . (10)



H av ing  c a l c u l a t e d  th e  d r i f t  e l e m e n t s ,  t h e  d i r e c t i o n  

o f  t h e  v e r t e x  o f  s t a r - s t r e a m i n g  was d e r i v e d ,  and  t h e  r e l a t i v e  

v e l o c i t y  o f  t h e  d r i f t s .  I f  ( ^ , ti and^-) be t h e  l a t t e r s  l i n e a r  

e q u a t o r i a l  c o m p o n e n ts ,  t h e  r e l a t i v e  v e lo c m ty  o f  th e  d r i f t s

and (Ay,Dy) t h e  e q u a t o r i a l  c o - o r d i n a t e s  o f  t h e  v e r t e x ,  t h e n Z -

^ = X , - Xi \

T) = Ï 2 >

% - z ^ - Ẑ L J

(5 )

and  ; % x  Tan Ay = g

Tan Dy = ^  I . . . . . . . . . ( 4 )
Y ?  *■+ n ’-

F i n a l l y  t h e  e l e m e n t s  o f  t h e  s o l a r  m o t io n  w ere  c a l c u l a t e d .  

W r i t in g  t h e s e  a s  Xq, Yq and  Zq t h e n !  -

■ ■ (Hj.+ N i)  Xq = W, X,+ N iXi

(K ,+  N^) Ï 0  =  ̂  . . . ( 5 )

(K,+ Nj_) Zq = W.ZjH- % Z :
N% and  N ^ b e in g  t h e  n u m b erso f  s t a r s  i n  D r i f t ' s  I  and I I  r e s p e c t i v e l y ,  

and  th e  p o s i t i o n  o f  th e  s o l a r  apex  (Ao ^Dq ) and  t h e  s p e e d  o f  t h e

s u n ' s  m o t io n  r e l a t i v e  t o  t h e  c e n t c c  o f  r e s t  o f  th e  s t a r s

c o n c e rn e d  (hUo) a r e  g iv e n  b y ! -

Tan An = 1 °  , Tan Do = ^

 (6 )
and  M o  = I Xq* + Tq + Zq

The p o s i t i o n s  o f  t h e  v e r t e x  and t h e  s o l a r  m o t io n  a r e  g iv e n  

i n  T a b lé  V I .  A læ  g i v e n  a r e  the g a l a c ÿ i c  c o - o d d i n a t e s  o f  t h e  

v e r t e x . ( G y , g y ) .  A ga in  S m art and  T a n n a h i l l ( s  r e s u l t s  a r e  g i v e n  

i n  b r a c k e t s  f o r  c o m p a r is o n .
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' TABLE VI

VERTEX AND SOLAR MOTION FROM DRIFT ANALYSIS-FK3 SYSTEM

§ i  - 0 .0 4 3 7  ± 0 .0 4 4 2 ,  
i (  - 0 .0 4 1  0 .0 4 6

T)1 1 .3 0 8 7
1 .5 8 6

0 .0 4 4 2
0 .0 4 1

i fÎ!-

h o
I

IBo

0 .2 3 4 9  0 .0 5 3 7  
0 .4 1 1  0 .0 5 7

2 4 7 :9  
( 2 6 5 .1  ,)

1 5 :9  
( 2 6 .1  )

Avl 9 1 .6  *  1 : 7
' .1 ( 9 1 .5  . 1 .6  )

D J  8 :7

1 527 
l( 1 .6 3 8

2 :7
( 1 4 .5  2 .0  )

0 .0 5 7
0 .0 4 3  )

G,

‘Sv

5 4 8 : » - 2 : s
( 3 4 3 .2  1 .0

(
3 :%  1 :2
0 . 5 '  1 . 7 )

hüo

N,^,%

0 :8 9 9 2  
( 0 .8 7 9  )

1 .4 5 4
( 1 .4 1

A number o f  p o i n t s  a r e  im m e d ia te ly  o u t s t a n d i n g  i n
K a ife if lc

T a b le  V* They a r e  I -

( i )  t h e  low  v a l u e s  o f  th e  r i g h t  a s c e n s i o n  o f  D r i f t  I  

com pared  t o  Sm art and T a n n a h i l l ' s  d e t e r m i n a t i o n ,

( i i )  t h e  h i g h  v a lu e  o f  t h e  r i g h t  a s c e n s i o n ,  o f •t h e  D r i f t  I I

a p e x ,

and  ( i i i )  t h e  low  s o u t h e r l y  d e c l i n a t i o n  o f  tj^e D r i f t  I I  a p e x .  

The l a t t e r  two v a r i a t i o n s  a r e  n o t  o f  a s  g r e a t  c o n c e rn  

a s  t h e  f i r s t ,  s i n c e  i t  i s  t o  be e x p e c te d  t h a t  t h e  D r i f t  I I  

d e t e r m i n a t i o n  w i l l  be u n c e r t a i n , -  a l t h o u g h  i n  t h i s  c a s e  t h e  

u n c e r t a i n t y  i s  r a t h e r  more th a n ,  u s u a l .  The D r i f t  I  p o s i t i o n ,  

how ever i s  w e l l  d e te r m i n e d ,  a s  i s  p a r t l y  shown by t h e  s m a l l  

p r o b a b l e  e r r o r s .  Even s t r e t c h i n g  t h e s e  p r o b a b l e  e r r o r s  t o  t h e  

l i m i t ,  and  s i m i l a r l y  t r e a t i n g  Sm art and T a n n a h i l l ' s ,  t h e r e  

r e m a in s  a  d i s c r e p a n c y  o f  some 8 ®, w h ich  c a n n o t  be d i s r e g a r d e d .



T h e re  i s  a l s o  a  l a r g e  v a r i a t i o n  e v i d e n t  i n  T a b le  V I ,  The 

v e r t e x  p o s i t i o n  a g r e e s  w e l l  w i t h  t h a t  o f  S m a rt  and  T a n n a h i l l  

a l t h o u g h  t h e r e  i s  a  d i f f e r e n c e  i n  th e  d e c l i n a t i o n  o f  t h e  v e r t e x .  

The p o s i t i o n  o f  t h e  s o l a r  ap ex  on th e  FK^ s y s te m ,  h o w e v e r ,  

shows a  c o n s i d e r a b l e  d e p a r t u r e  from  t h a t  on t h e  Cape s y s t e m .

T h is  i s  e s p e c i a l l y  e v i d e n t  i n  t h e  d e c l i n a b i o n  o f  t h e  a p ex  and  

t h e  d e c l i n a t i o n  fo u n d  i s  e v e n  lo w e r  t h a n  t h e  o d i g i n a l  v a lu e  w h ich  

o b j e c t  o f  t h i s  i n v e s t i g a t i o n .

The q u e s t i o n  a r i s e s  a s  t o  w h ic h  o f  t h e s e  v a r i a t i o n s  

a r e  s i g n i f i c a n t  -  i f  a n y .  The d i s c r e p a n c y  o f  8 °  i n  t h e  r i g h t  

a s c e n s i o n  o f  t h e  D r i f t  I  apex  m ust be r e g a r d e d  a s  d e f i n i t e , i t  

b e in g  w e l l  d e t e r m i n e d ;  The v a r i a t i o n s  i n  t h e  D r i f t  I I  a p ex  a re  

n o t ,  h o w e v e r ,  so  i m p o r t a n t ,  s i n c e  th e  p o s i t i o n  i s  bound  t o  be 

somewhat u n c e r t a i n  -  a s  was re m a rk e d  by  S m art and  T a n n a h i l l ,  

F u r t h e r ,  a s  t h e  ap ex  i s  fo u n d  t o  l i e  w i t h i n  t h e  zone i t  c a n n o t  

be s a i d  t o  be d e te r m in e d  -  a s  i s  b o rn e  o u t  by th e  l a r g e  p r o b a b le  

e r r o r s  o f  t h e  d e t e r m i n a t i o n .  The u n c e r t a i n t y  is:, f u r t h e r  e v id e n c e d  

by  t h e  f a c t  t h a t  i n  e l e v e n  o f  th e  r e g i o n a l  a n a l y s e s  t h e  l o c a l  

D r i f t  I I  v e l o c i t y  wqs fo u n d  t o  be 0 , 2  o r  l e s s .

The p o s i t i o n  o f  th e  s o l a r  a p e x  i s  n o t  c o n c l u s i v e  

e i t h e r ,  i t  b e in g  l a r g e l y  d e te r m in e d  i n  r i g h t  a s c e n s i o n  bÿ  th e  

Y com ponen t o f  t h e  D r i f t  I  v e l o c i t y  and  i n  d e c l i n a t i o n  by t h e  

d e c l i n a t i o n  o f  t h e  D r i f t  I I  a p e x ,  w h ic h  b e in g  r a t h e r  low  w i l l  

t h e r e f o r e  y i e l d  a  low  d é c l i n â t  ion f o r  th e  s o l a r  a p e x .  V ery  

a p p r o x i m a t e l y ,  t h e , p o s i t i o n  o f  t h e  s o l a r  a p e x  i s  g i v e n  by



Y , 2
Tan Ao = ^  and  Tan Do = Thus t h e  e v id e n c e  fro m  t h e  s o l a rA| It

m o tio n  c a n  b u t  be r e g a r d e d  a s  c o n f i r m a t o r y  and  n o t  c o n c l u s i v e .  

F u r t h e r  e v id e n c e  c a n ,  h o w e v e r ,  be o b t a i n e d  i n  a n o t h e r  w ay.

One o f  t h e  f e a t u r e s  o f  t h e  a n a l y s i s  o f  p r o p e r  

m o t io n s  i s  t h a t  a n a l y s e s  s i  by  b o th  t h e  t w o - d r i f t  and  th e  

e l l i p s o i d a l  m ethod s  y i e l d  a lm o s t  i d e n t i c a l  v a l u e s  o f  t h e  s o l a r  

m o t io n  , H en ce , i f  a n  a n a l y s i s  on th e  e l l i p s o i d a l  t h e o r y  a g a i n  

y i e l d s  t h e  a p e x  d e r i v e d  by  t h e  t w o - d r i f t  a n a l y s i s , t h e n  i t  can  

be a ssu m ed  th& t t h e  d iv e r g e n c e  o f  th e  s o l a r  a p e x  h e r e  o b t a i n e d  

f ro m  t h a t  n o r m a l ly  d e r i v e d  i s  r e a l , a n d  n o t  an  e f f e c t  o f  t h e  

u n c e r t a i n t i e s  o f  t h e  t w o - d r i f t  a n a l y s i s ,  t h e  two m eth ods  o f  

a n a l y s i s  b e in g  e n t i r e l y  d i f f e r e n t .

T h is  t e s t  was made a s  f o l l o w s .  F i r s t  a  s o l u t i o n  

f o r  t h e  d r i f t  a p i c e s  and t h e  s o l a r  m o tio n  an d  t h e  v e r t e x  o f  s  

s t a r - s t r e a m i n g  on t h e  t w o - d r i f t  t h e o r y  was made f o r  a  s e t  o f  

r e g i o n s  ro u n d  t h e  z o n e , Twelve r e g i o n s  w ere  s e l e c t e d  l y i n g  

b e tw e e n  R . A ' s ,  0^ and 0^  30*^, 2^ and  2^  3 0 ^  and  e v e r y  two 

h o u r s  o f  r i g h t  a s c e n s i o n .  The n o rm a l  e q u a t i o n s  f o r  t h e  d r i f t  

a p i c e s  w*#e im m ed iiie ly  a v a i l a b l e  from  t h e  s o l u t i o n  f o r  t h e  

w hole  z o n e .  F o r  t h e s e  tw e lv e  r e g i o n s ,  t h e  s o l u t i o n s  w e r e ! -

DRIFT I

TABLE V II  

DRIFT I I  SOLAR MOTION VERTEX
A 75! 9 3 4 2 .7 2 4 5 :8 91!  1

( 7 7 . 7 - 1 . 0 ) ( 5 4 5 .4 * 1 2 .2 ) ( 2 4 7 .9 ) ( 9 1 . 6* 1 . 7 )
D - 6 : 8 - 4 8 : 1  , 1 7 :8 1 0 :3

( - 5 . 9 ^ 1 . $ ) ( —46 .  6 * JR)'. 2 ) (1 5 . 9 ) ( 8 . 7 * 2 .7 )
hW 1 .4 1 0 0 .5 8 2 0 .8 9 4 1 .4 9 8

( 1 .4 5 7 * 0 .0 3 5 ) (0 . 529* 0 . 0 3 4 ) ( 0 . 8 9 9 ) ( 1 .5 2 7 * 0 .0 5 7 )



£> A

From T a b le  V I I  i t  i s  e v i d e n t  t h a t  t h e  tw e lv e  r e g i o n s

a r e  t y p i c a l  o f  t h e  b e h a v i o u r  o f  t h e  zone f o r  t h e  p u r p o s e s  o f  

a n a l y s i s ,  t h e  r e s u l t s  b e in g  p r a c t i c a l l y  i d e n t i c a l  w i t h  t h o s e  

from  th e  zone a s  a  w h o le .

The d i s t r i b u t i o n  c o u n ts  f o r  t h e s e  tw e lv e  r e g i o n s  

were now a n a l y s e d  by  S c h w a r z s c h i l d au tom aÿpc  m e th o d . T h is  

m ethod  was c h o s e n  ( a )  f 6 r  i t s  s i m p l i c i t y  i n  o p e r a t i o n  and  (b )  

b e c a u s e  i t  i s  d i a m e t r i c a l l y  o p p o s i t e  t o  t h e  " T r i a l  and  E r r o r Ü 

m ethod  o f  t h e  t w o - d r i f t  a n a l y s i s ,  b e in g  a n , e n t i r e l y  'num ericalV  

m e th o d ,  th e .  o p e r a t i o n s  on  t h e  o b s e r v e d  num bers  b e in g  c o m p le t e ly

a u to m a t i c  t h u s  r e d u c i n g  th e  n e ed  f o r  p e r s o n a l  Judgem ent t o  a

minimum. The de t a i l s  o f  t h e  a n a l y s e s  f o r  e a c h  r e g i o n  a r e  g iv e n

i n  T a b le  V i l l ,  b e lo w .

TABLE V I I I

1 
2
3
4
5
6
7
8
9 

10 
11 
12

73 
49 
31 

346 
30 9  

: 296 
282 
270 
225 
195 
142 

88

.3

.6
*7
.1
*2
.3
.7

,5
.3:

.5
0 .6 7 1
0 .7 6 5
0 .7 1 8
0 .6 6 1
0 .6 1 4
0 .5 6 9
0 .7 3 9
6 .6 6 0
o\8oo
0 .8 6 3
0 .6 8 5

'" Î T 5 4 r ™  2 7 7 ? l  
1 .1 0 4  2 5 7 .0
0 .8 4 2
0 ,9 7 1
1 .136
1 .2 8 7
1 ,4 4 6
0 .9 1 1
1 .3 3 2
0 .7 5 0
0 ,5 8 6
1 .0 6 3

1 7 9 .2
1 2 2 ,6
101.1

7 5 .0
7 1 .2
4 3 ,6

7 .7
3 3 5 .5
3 1 8 .7
2 8 5 ,0

0 .1 4 5
0 .4 5 8
0 .6 7 0
1 .3 3 1
1 .3 5 9
1 .3 6 3
1 .0 5 1
0 .7 3 9
0 ,4 5 6
0 .1 0 6
0 .6 0 9

2
4
6
8

10
12
14
16
18
20
22

2 30 
4 30 
6 30 
8 30 

10 30
12 30
14 30  
16 30 
18 30  
20 30  
22 30

I n  t h e  above t a b l e ,  0q i s  t h e  p o s i t i o n  a n g le  

o f  t h e  v e r t e x ,  k / h  th e  r a t i o  o f  t h e  a x e s  o f  t h e  l o c a l  

v e l o c i t y  e l l i p s e ,  = j  -  I j  , 0 j t h e  p o s i t i o n  a n g le



d :?

o f  t h e  s o l a r  m o t io n  and  S h . t h e  l o c a l  s o l a r  v e l o c i t y .  The 

e q u a t i o n s  o f  c o n d i t i o n  c o r r e s p o n d i n g  t o  (1 )  w ere  t h e n  fo rm ed  

and  s o l v e d  by th e  m ethod  o f  l e a s t  s q u a r e s .  The r e s u l t s  w e re ,  

f o r  t h e  v e r t e x ! -

§ -  0 ,627 , Ay =: 92,2 , Dy = 1 3 .Ô , Gv = 3 4 4 ,9  , gy = - 0 ,6  ,
( 9 1 . 1 ) ( 1 0 .3 )  . ( 3 4 6 .7 )  ( - 2 . 9 )

and  f o r  t h e  s o l a r  m o t io n ! -

Ao = 243^6 , Do = 15'^5 , hUo = 0 ,8 3 0  .
( 2 4 3 ,8 )  ( 1 7 .8 )  ( 0 ,8 9 4 )

The f i g u r e s  i n  b r a c k e t s  a r e  t h e  c o r r e s p o n d i n g  r e s u l t s  on th e  

t w o - d r i f t  a n a l y s i s T h u s , t o  a l l  i n t e n t s  and  p u r p o s e s ,  t h e  

ï w o - d r i f t  and  th e  e l l i p s o i d a l  a h a l y s e s  y i e l §  i d e n t i c a l  r e s u l t s  

f o r  t h e  s o l a r  m o t io n  and  t h e  v e r t e x .  The c o n c l u s i o n  w h ich  must 

t h u s  be draw n i s  t h a t  th e  d e v i a t i o n s  i n  th e  p o s i t i o n s  o f  t h e  

d r i f t  a p i c e s  and th e  s o l a r  m o tin n  a r e  s i g n i f i c a n t  and  c a u s e d  

i n  some way, y e t  t o  be d e te r m in e d ,  by t h e  m o t io n s  and n o t  by 

t h e  m ethod  o f  a n a l y s i s .

T h ere  a r e  t ro w *  p o s s i b i l i t i e s  e a c h  o f  w h ich  

m ig h t  a c c o u n t  f o r  th e  a n o m a l ie s  fo u n d  i n  t h e  v e s u l t s  o f  t h e  

a n a l y s i s  f o r  ALL s t a r s .  They a r e l -

( i )  t h e y  m ig h t  be t h e  r e s u l t  o f  i n c l u d i n g  t h e  s t a r s  

o f  t h e  f a i n t  s t a r  volume i n  t h e  a n a l y s i s  -  t h a t  i s , o f  th e  

n a t u r e  o f  a  m ag n i tu d e  e f f e c t  -  th o u g h  t h i s  seem s u n l i k e l y  

a t  f i r s t  s i g h t ,  t h e  s t a r s  h a v in g  b e e n  m e a su re d  a t  t h e  same 

t im e a n d  i n  t h e  same way a s  t h o s e  i n  t h e  f i r s t  v o lu m e ,



( i i )  t h e y  m ig h t  be p e c u l i a r  t o  th e  s m a l l  p r o p e r  m o t io n s ,

( i i i )  t h e y  m ig h t  be th e  e f f e c t  o f  th e  Cape -  FK^ r e d u c t i o n s ,  on t h e

above o r  ( i v )  t h e y  m ig h t  be th e  e f f e c t  o f  th e  Cape -  FK^ r e d u c t i o n s

on a l l  s t a r s  i r r e s p e c t i v e  o f  t h e  m a g n i tu d e s  o f  t h e i r  p r o p e r  

m o t i o n s .

To c h e c k  th e  f i r s t  p o s s i b l e  e x p l a n a t i o n  an  

a n a l y s i s  was made, c o n f i n e d  t o  th e  b r i g h t  s t a r s  o f  th e  f i r s t  

v o lu m e , th e  p r o p e r  m o tio n s  b e in g  r e d u c e d  t o  th e  FK^ s y s te m .

T h is  a n a l y s i s  was p e r fo rm e d  by S c h w a r s s c h i l d ' s  a u to m a t i c  m e th o d .

F o r  th e  a n a l y s i s ,  t h e  zone was d i v id e d  in ÿ o  24 r e g i o n s ,  e a c h  

o f  an  h o u r s  w id th  i n  r i g h t  a s c e n s i o n ,  t h u s  p a r a l l e l i n g  J a c k s o n * d 0 0  

a n a l y s i s  o f  th e  s t a r s  o f  th e  f i r s t  volume on th e  Cape s y s te m .

A g a i n , s t a r s  b r i g h t e r  t h a n  th e  s e v e n t h  m a g n i tu d e  w ere o m i t t e d ,  

no c o r r e c t i o n s  h a v in g  b e e n  dermv^d f o r  th e m . The s p e c t r a l  ra n g e  

o f  t h e  g ro u p  a h a l y s e d  was Bg -  M, 62 s t a r s  o f  u n c l a s s i f i e d  s p e c t r a  

b e in g  i n c l u d e d .  The t o t a l  number o f  s t a r s  a v a i l a b l e  f o r  t h e  

a n a l y s i s  was t h u s  l 8  970 a s  a g a i n s t  l 8  350  t r e a t e d  by J a c k s o n ,

The d e t a i l s  o f  th e  a n a l y s e s  f o r  e a c h  r e g i o n  a r e  g iv e n  below  

i n  T ab le  IX , r e g i o n  1 b e in g  c e n t r e d  a t  R .A . 0^  30^^ ,

One f e a t u r e  o f  n o te  i n  t a b l e  IX i s  t h a t  t h e  

i r r e g u l a r i t i e s  i n  t h e  d i s t r i b u t i o n s  w hich  c a u s e d  p o o r  d e t e r m i n a t i o n s  

i n  t h e  d r i f t  a n a l y s i s  a l s o  a f f e c t  t h e  d e t e r m i n a t i o n s  o f  th ÿ  

e l l i p s o i d  and  s o l a r  m o tio n  c o n s t a n t s .

Com bining  th e  r e s u l t s  o f  t h e  a n a l y s e s  f o r  e a c h



TABLE IX

R e. Sh H .......0o Sh
1 73?2 1 .1 6 4 254! 5 0 .3 5 7 13 m Y i s 1 .3 4 3 67!  9 1 .3 6 3
2 5 8 .4 1 .0 4 4 2 6 6 .5 0 .3 2 9 14 2 6 8 .9 1 .3 7 2 6 6 .2 1 .9 0 2
3 5 0 .3 1 .0 6 8 2 1 8 .2 0 .0 3 7 15 2 6 1 .0 0 .8 8 3 3 7 .8 0 .9 2 9
4 3 4 ,8 1 .1 1 7 1 7 7 .2 0 .4 2 8 16 2 4 4 .1 0 .7 7 5 2 6 .7 0 .7 3 4
3 2 0 ,1 0 .8 2 2 1 6 6 .3 0 .4 6 4 17 2 2 3 .0 0 .9 3 5 3 5 7 .7 0 .6 7 0
6 7 . 1 1 .1 9 4 1 2 9 .9 0 .5 8 3 18 2 0 3 .0 0 .9 8 4 3 2 4 .6 0 .6 0 7
7 3 4 7 .6 1 .0 4 5 1 3 6 .7 0 .9 3 3 19 1 7 7 .1 0 .5 5 8 3 4 2 .1 0 .4 7 9
8 3 3 1 .7 1 .0 6 1 1 1 6 .1 1 .1 3 4 20 1 5 9 .7 0 .6 2 2 3 5 0 .3 0 .0 2 7
9 3 1 2 .9 0 .8 1 0 9 9 .2 1 .2 2 6 21 1 3 0 .5 0 .6 8 8 3 0 7 .3 0 . 322;

10 3 0 7 .9 1 .2 5 2 8 5 .1 1 .3 9 3 22 1 1 6 .9 0 .6 5 3 2 9 4 .0 0 .3 1 6
11 2 9 1 .5 1 .3 2 7 7 1 .0 1 .1 2 2 23 9 4 .7 0 .8 5 0 2 7 8 .5 1 .0 2 6
12 1 .0 9 4 ...73-.,7 4.20.6,.. 24 ,.J&,a43 0 .2 9 6

r e g i o n ,  t h e  p o s i t i o n s  o f  t h e  v e r t e x  and t h e  e le m e n t s  o f  t h e  

s o l a r  m o t io n  a r e  fo u n d  t o  b e ! -

VERTEX
K
„  -= 0 .6 5 6  , Ay = 92?6 ,Dv = 1 5 ? 4 ,  G,y = 54590  , gy = 0 ° 9 . .

( 0 .6 2 5 )  ( 9 0 .2 )  ( 1 3 .4 )  ( 3 4 3 .6 )  ( 2 . 1 )

SOLAR MOTION

Ao = 24594 , Do = 1196 , M o  = 0 . 8 6 2 .
( 2 6 6 .9 )  ( 2 8 .3 )  ( 0 .9 4  )

The r e s u l t s  g i v e n  i n  b r a c k e t s  a r e  J a c k s o n ' s  r e s u l t s  f ro m  t h e

f i r s t  c a t a l o g u e  on t h e  Cape s y s te m .

I t  i s  t h u s  e v i d e n t  t h a t  t h e  d e v i a t i o n  i n  t h e  s o l a r

a p e x  p o s i t i o n  i s  s t i l l  p r e s e n t  f o r  th e  f i r s t  c a t a l o g u e  on t h e

PK^ s y s te m .  I t  c an  th u s  be c o n c lu d e d  t h a t  th e  v a r i a t i o n s  a r e

n o t  t h e  r e s u l t  o f  i n c l u d i n g  t h e  s t a r s  o f  t h e  f a i n t  d t a r  volume

i n  th e  a n a l y s i s .  T h is  r e s u l t  l e a v e s  o n ly  t h e  p o s s i b i l i t y  t h a t

th e  v a r i a t i o n s  m i ^ i t  be th e  e f f e c t s  o f  t h e  s m a l l  p r o p e r  m o tio n s

st£ kkK tK  a n d / o r  t h e  c o r r e c t i o n s  em ployed  t o  r e d u c e  th e  p r o p e r

m o t io n s  from  th e  Gape s y s te m  t o  FK^. To t e s t  jchese p o i n t s ,  f u r t h e r



a n a l y s e s  w ere  m ade,

%f th e  c a u se  o f  t h e  d e v i a t i o n s  from  th e

n o r m a l ly  d e r i v e d  p o s i t i o n s  was t h e  e f f e c t  o f  t h e  c o r r e c t i o n s

on t h e  s m a l l  p r o p e r  m o t io n s ,  ^ s  now seem ed p r o b a b l e ,  t h e n  th e

l a r g e r  p r o p e r  m o t io n s  s h o u ld  be r e l a t i v e l y  u n a f f e c t e d .  I t  was

t h e r e f o r e  d e c id e d  t o  p e r fo r m  an a n a l y s i s  r e s t r i c t e d  t o  t h e  s t a r s

w i t h  t o t a l  p r o p e r  m o t io n s  g r e a t e r  t h a n ,  o r  e q u a l  t o ,  4"  p e r

c e n t u r y ,  t h e s e  s t a r s  b e in g  e x p e c te d  t o  be , t o  a  g r e a t  e x t e n t ,

i n d e p e n d a n t  o f  th e  s y s te m  o f  r e f e r e n c e .  T h en , i f  t h e  a n a l y s i s

gave  n o rm a l  a p i c e s  i t  would a p p e a r  t h a t  i t  was th e  r e d u c t i o n s

t o  FIC  ̂ a f f e c t i n g  th e  s m a l l  p r o p e r  m o tio n s  w h ich  were c a u s i n g

t h e  a n o m a l i e s .  I f ,  h o w e v e r ,  t h e  a n a l y s i s  s t i l l  gave  d e v i a t i o n s

t h e n  i t  w ou ld  a p p e a r  t h a t  t h e  c o r r e c t i o n s  a p p l i e d  were a f f e c t i n g

a l l  t h e  p r o p e r  m o t i o n s ,  A f u r t h e r  p o s s i b i l i t y  was a l s o  e l i m i n a t e d

i n  t h e s e  a n a l y s e s  by e x c l u d in g  t h e  A s t a r s  -  t h e i r  d i s t r i b u t i o n

o v e r  t h e  zone b e in g  u n e v e n ,  w h ich  w ould  mean t h a t  any  e f f e c t

t h a t  t h e y  had  w ould  v a r y  from  r e g i o n  t o  r e g i o n ,  (She a n a l y s i s

was t h u s  made f o r  t h e  8 482 s t a r s  o f  s p e c t r a l  t y p e s  l a t e r  t h a n

Ag ( i n c l u s i v e )  o f  m a g n i tu d e s  7 .0  and f a i n t e r ,  w i t h  p r o p e r  m o t io n s

e x c e e d in g  3 "* 9 9  p e r  c e n t u r y  on th e  FK^ s y s t e m .  B oth  c a t a l o g u e s

were i n c l u d e d ,  a s  were s t a r s  o f  u n c l a s s i f i e d  s p e c t r a ,  t h e s e  1

l a t t e r  fo rm in g  a  l a r g e  p r o p o r t i o n  o f  t h e  s t a r s  i n  some r e g i o n s  -

a s  m e n t io n e d  i n  t h e  p r e c e d i n g  c h a p t e r ,  2 432 s t a r s  were

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

e x c e e d in g  g"  p e r  c e n t u r y ,  (C a p e ) ,  and 1 200 o f  t h e s e  w ere  o f
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u n c l a s s i f i e d  s p e c t r a .

To p r o v i d e  a  s t a n d a r d  o f  c o m p a r i s o n ,  two f u r t h e r  

a n a l y s e s  w ere  p e r f o r m e d .  The f i r s t  o f  {..these was f o r  a l l  s t a r s  

i n  t h e  two c a t a l o g u e s  o f  s p e c t r a l  t y p e s  l a t e r  t h a n  A^, ( i n c l u s i v e )  

and  f a i n t e r  t h a n  m a g n i tu d e  7 -  t h e i r  m o t io n s  b e i n g  on th e  

s y s te m .  T h is  a n a l y s i s  t o t a l l e d  27 243 s t a r s , The t h i r d  

a n a l y s i s  was d e s i g n e d  t o  g iv e  t h e  c o m p a ra b le  r e s u l t s  on t h e  

Cape s y s te m .  The c o u n t s  made by Sm art and  T a n n a h i l l  w ree u s e d  

f o r  t h e  s t a r s  o f  t h i s  s p e c t r a l  g ro u p  i n  t h e  f i r s t  volum e and 

new c o u n t s  were made f o r  t h e  f a i n t  s t a r  volum e fro m  t h e  s c a t t e r  

d i a g r a m s .  T h is  gave  a  g ro u p  c o m p a rab le  w i t h ,  b u t  n o t  i d e n t i c a l  

w i t h ,  t h e  a b o v e ,  t o t a l l i n g  26 272 s t a r s .  The m ain  c a u s e  o f  t h e  

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

a r e  n o t  g i v e n  f o r  2 3 9 9  s t a r s  and  t h e s e  w ere  o m i t t e d  by  S m art  

and  T a n n a h i l l ,  I n  t h e  i n t r o d u c t i o n  ÿo t h e  f a i n t  s t a r  volumw 

s p e c t r a l  t y p e s  a r e  g i v e n  f o r  1 9031 o f  t h e s e  s t a r s  and  t h e y  w ere  

t h u s  i n c l u d e d  i n  t h e  s c a t t e r  d ia g ra m s  p r e p a r e d  f o r  t h i s  

i n v e s t i g a t i o n .  Sm art and  T a n n a h i l l * s  c o u n t s  a l s o  i n c l u d e  s t a r s  

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

Im k e ly  t o  be s m a l l ,  s i n c e  t h e r e  a r e  b u t  793 s u c h  s t a r s  i n  th e  

c a t a l o g u e ^ a c c o r d i n g  t o  a  t a b l e  i n  t h e  i n t r o d u c t i o n  t o  t h e  

f a i n t  s t a r  v o lu m e , and  th e  e x c l u s i o n  o f  t h e  s t a r s  e a r l i e r  t h a n  

s p e c t r a l  ty p e  A^ w i l l  have rem oved  many o f  t h e s e .  Thus th e  

d i f f e r e n c e  i n  num bers  i s  a lm o s t  s o l e l y  due t o  t h e  i n c l u s i o n



o f  th e  a d d i t i o n a l  s p e c t r a l  t y p e s  i n  t h e i r  r e s p e c t i v e  g ro u p s  

i n  t h e  FK^ c o u n t s .  A lth o u g h  th e  two g ro u p s  a r e  n o t  i d e n t i c a l ^  

t h e  e f f e c t  o f  t h e 'C a p e ' g ro u p  b e in g  s m a l l e r  t h a n  i t  c o u ld  have 

b e e n  w i l l  p r o b a b l y  be to o  s m a l l  t o  m e a s y re .  I t  t h u s  a p p e a r s  

p e r m i s s i b l e  t o  u s e  t h e s e  two g ro u p s  a s  c o n t r o l s  a r  s t a n d a r d s .

F o r  t h e s e  a n a l y s e s  t h e  zone was d i v i d e d  i n t o  

16 r e g i o n s ,  e a c h  o f  an  h o u r  and  a  h a l f ' s  w id th  i n  E ,A , -  

t h e r e b y  e n s u r i n g  t h a t  t h e r e  w ould  be s u f f i c i e n t  num bers  o f  

l a r g e  p r o p e r  m o tio n  s t a r s  i n  e a c h  g ro u p  f o r  a n a l y s i s .  The 

a n a l y s e s  were p e r fo rm e d  by  t h e  t w o - d r i f t  t h e o r y ,  a s  th e  

d i s t r i b u t i o n  c u rv e s  d e m o n s t r a te  t h e  e f f e c t s  o f  th e  c o r r e c t i o n s  

v e r y  c l e a r l y .  As a  p r e l i m i n a r y  t e s t ,  s i x  r e g i o n s  w ere  s e l e c t e d  

and  t h e  num bers o f  s t a r s  i n  e a c h  o f  t h e  t h r e e  g ro u p s  r e d u c e d  -  

o r  i n c r e a s e d  t o  1 0 0 0 .  T h e i r  d i s t r i b u t i o n  c u r v e s  w ere t h e n  

draw n and superim posed? . T hese  l a t t e r  c u rv e s  a r e  shown if i  

F i g u r e s  I I  -  ¥ i l ,  b e lo w . U n f o r t u n a t e l y ,  a s  t h e  m a g n i tu d e  o f  

t h e  c o r r e c t i o n s  a p p l i e d  t o  r e d u c e  th e  m o t io n s  f rom  th e  Cape 

s y s te m  t o  t h a t  o f  F ly  v a r y  w i t h  th e  m a g n i tu d e s  o f  th e  s t a r s  

and  t h e i r  r i g h t  a s c e n s i o n s ,  i t  i s  i m p o s s i b l e  t o  a s s o a c i a t e  a  

g i v e n  c u rv e  i n  t h e s e  f i g u r e s  w i t h  a  g i v e n  v a lu e  o f  t h e  c o r r e c t i o n .  

R o u g h ly ,  h o w e v e r ,  t h e  m a g n i tu d e  o f  t h e  c o r r e c t i o n s  a p p l i e d  

i n c r e a s e  from  r e g i o n  1 t o  r e g i o n  3 and f o x r r e g i o n / 0  a r e  l e s s  

t h a n  t h o s e  fo b  r e g i o n s  9  and

From th e  f i g u r e s  i t  can  be s e e n  t h a t  th e  d i f f e r e n c e s
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b e tw e e n  th e  Cape and t h e  c u rv e s  f o l l o w  a  s i m i l a r  t r e n d .

The Cape c u rv e s  a l s o  seem t o  have lo w e r  m inim a w h ic h  im p ro v e s  

t h e  d e t e r m i n a t i o n  o f  t h e  d r i f t  c o n s t a n t s .  The c u r v e s  f o r  t h e  

r e s t r i c t e d  p r o p e r  m o t io n s  shov/ h ig h  maxima and  low  m inim a 

a s  i s  t o  be e x p e c t e d ,  and  t h e  d r i f t s  a r e  b e t t e r  s e p a r a t e d  

and more e v i d e n t .

As s t a t e d  t h e  c u rv e s  were a n a l y s e d  by t h e  " T r i a l  

and  E r r o r "  m a th o d .  The d e t a i l s  o f  t h e  a n a l y s e s  f o r  e a c h  r e g i o n  

and  g ro u p  a r e  g i v e n  be low  i n  T a b le  X.

The p o s i t i o n s  o f  t h e  D r i f t  a p i c e s  w ere t h e n  

c a l c u l a t e d .  I n  t h e  c a s e  o f  t h e  r e s t r i c t e d  p r o p e r  m o t io n s  , 

h o w e v e r ,  t h e  n o rm a l m ethod  i s  n o t  s t r i c t l y  a p p l i c a b l e .  The 

d i s t r i b u t i o n  i n  p o s i t i o n  a n g le  h a s  b e e n  i n v e s t i g a t e d  f o r  

su c h  p r o p e r  m o t io n s  by  Sm art ( 1^) f o r  t h e  c a s e  o f  a  s t e l l a r  

d e n s i t y  law  o f  t h e  fo rm  ^  B (hier )  ̂ was fo u n d  t h a t  t h e  

p o s i t i o n  a n g le  #  o f  t h e  d r i f t  ap ex  w ould  be  u n a f f e c t e d  b u t  

th e  d r i f t  v e l o c i t y  w ould  be e x a g g e r a t e d .  Thus a p i c e s  c a l c u l a t e d  

fro m  t h e  a h a l y s e s  i n  t h e  u s u a l  way f o r  r e s t r i c t e d  p r o p e r  m o t io n s  

w i l l  be ' p s e u d o - d r i f t  a p i c e s ' .  Hence th e  d r i f t  a p i c e s  f o r  th e  

p r o p e r  m o t io n s  g r e a t e r  t h a n  4"  p e r  c e n t u r y  w ere  c a l c u l a t e d  

b o t h  bj y  t h e  n o rm a l  m ethod  and  a l s o  f ro m  t h e  p o s i t i o n  a n g le s  

a lo n e  -  t h e  l a t t e r  by  a  m ethod  o f  s u c c e s s i v e  a p p r o x im a t io n s  

f rom  assum ed  a p i c e s .  F o r  t h e  l a t t e r ,  S m art  and  T a n n a h i l l ' s  

a p i c e s  a t  88?0  , -8 ? 3  and 303?6  , w ere  u s e d .  Each  r e g i o n

t h e n  c o n t r i b u t e s  an  e q u a t i o n  o f  t h e  fo rm * -



h i

R hV 1

TABLE X 
[ i ^ 4 ‘* p e r  c e n t u r y .

6 ) hV% %  e
1 1 .3 281 83"^ 0 .8 208 213
2 1 . 4 290 70 0 .8 198 203
3 1 . 0 366 4o 1 . 1 171 203
4 1 . 3 224 10 0 ,5 238 200
3 1 . 6 313 3 3 2 .3 0 .3 3 189 180
6 1 . 3 412 3 0 2 .3 1 .0 3 109 173
7 1 . 9 442 283 0 .8 3 207 163
8 2 , 0 488 2 7 2 .3 0 ,7 193 133
9 1 . 9 370 260 0 .8 118 143

10 1 . 3 361 2 3 7 .3 1 .2 73 130
11 1 .6 3 332 223 0 .8 137 180
12 1 . 3 270 193 0 .6 109 170
13 1 . 4 192 183 0 .7 176 170
14 0 , 9 320 130 0 ,6 148 173
13 1 . 4 330 1 0 7 .3 0 .8 196 21§
16 1 . 3 373 9 7 .3 0 .7 206 203

1 0 . 9 683

FK3

83^ 0 .6 3 383 223'
2 0 . 9 634 63 0 .7 339 220
3 0 . 8 722 20 0 . 4 323 230
4 1 . 0 742 330 0 .3 633 233
3 1 . 1 1296 313 0 . 4 364 220
6 1 .3 1369 290 0 ,7 4o8 210
7 1 . 9 1391 2 7 7 .3 0 .7 1146 210
8 1 . 7 1338 263 0 ,6 786 183
9 1 . 9 1433 2 5 7 .3 0 ,7 726 190

10 1 . 4 1433 2 3 2 .3 0 .3 376 133
11 1 . 3 1146 220 0 .3 1080 163
12 1 .0 3 1083 183 0 . 4 1004 93
13 1 . 1 778 1 7 7 .3 0 ,2 794 30
14 0 ,8 723 143 0 ,0 3 623 280
15 1 . 1 714 103 0 .4 374 223
16 1 . 1 714 90 B .4 579 230

1 0 . 9 649 83^ 0 .7 364 223 ^
2 1 . 4 390 70 0 .3 313 210
3 0 . 9 630 30 0 ,3 300 190
4 1 .0 3 610 20 0 .4 3 638 190
3 1 , 1 946 340 Ô .4 806 200
6 1 .3 961 310 0 .3 930 230
7 1 .6 1398 290 0 .3 870 183
8 1 . 3 1343 273 0 .3 699 163
9 1 . 9 1202 260 0 .5 933 180

10 1 . 3 1337 24o 0 .7 473 l 4 o
11 1 . 6 1349 223 0 .6 801 170
12 1 . 3 1447 193 0 ,3 612 180
13 1 . 3 707 1 7 ^ .3 0 ,6 877 203
14 1 . 3 487 143 0 .3 864 183
13 1 .3 390 120 0 .3 671 210
16 1 . 3 313 100 0 .4 718 203
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0?ABLE XI

GAPE FK-
(a T (b ) J

A) 9 0 %  *  1?3 87?9 88?3 -i  1 °4 7 9 ? 6 * 3 ? 4

D, 2?8 -2 ? 4 - 7 ? 3 ' i 2 ? 4 - 7 ° 3  6°1

hW, 1 . 3 7 1 i  0 .0 3 1 .6 9 1 .4 0 0  A 0 .0 5

2 9 6 ° 3 *  19?7 290°3 2 8 0 ° o a  9 °0 3 2 1 °0  1 9 Î6

-7 9 ? 3  ^ 2 Î 2 - 7 3 Î 7 - 7 1 ° 0 ^ 1 ° 9 - 5 5 ° 5 *  10?8

hW^ 0.655-^  0 .0 4 1 .1 5 0 .5 7 1 *  0 .0 5

A-yr 92.% 9 1 Î4 90°1

lh °Q 2 6 °4 10 °5

1 .7 2 2 .2 2 1 .5 9

269° 0 265?8 251?4

I>o 26°0 20°8 20°5

hPn .........  0,92_ 1 .1 4 0 .8 4

N o t e .

I n  t h e  r e s u l t s  f o r  4"  p e r  c e n t u r y ,  t h e  colum n 

h e a d e d  ( a )  g i v e s  t h e  ' p s e u d o - d r i f t  a p i c e s '  c a l c u l a t e d  

i n  t h e  u s u a l  way and th e  colum n h e a d e d  (b )  t h e  d r i f t  

a p i c e s  a s  c a l c u l a t e d  from  th e  d i r e c t i o n s  o f f  th e  a p i c e s  

o n l y .
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a ,d Â  + b ,dD  = c.......................................... ...............

t h e  v a l u e s  o f  dA and SD b e in g  fo u n d  t o  be 0°3& 1°4 and

1 ?2  ± a ° 4  f o r  D r i f t  I  and  - 2 3 ° 9  and 4 ? 0  ± 1°9  f o r  D r i f t  I I

r e s p e c t i v e l y .

The m ain  f e a t u r e s  o f  th e  r e s u l t s  o f  t h e s e  

a n a l y s e s  i s  t h a t  t h e  a p i c e s  o f  th e  d r i f t s  as  g iv e n  by th e  

r e s t r i c t e d  p r o p e r  m o t io n s  on t h e  FK^ s y s te m  do n o t  a g r e e  w i t h  

t h o s e  f ro m  t h e  u n r e s t r i c t e d  p r o p e r  m o t io n s  on t h e  FK^ s y s te m ,  

b u t  a r e  p r a c t i c a l l y  i d e n t i c a l  w i t h  t h o s e  on t h e  Cape s y s te m .

T h is  a l s o  a p p l i e s ,  th o u g h  n o t  q u i t e  so  w e l l  t o  th e  'p s e u d o -  d r i f t  

a p i c e s ' ,  I t  i s  t h u s  a p p a r e n t  t h a t  t h e  anom alo us  p o s i t i o n s  

fo u n d  f o r  t h e  d r i f t  a p i c e s  on t h e  FK^ s y s te m  i n  th e  o r i g i n a l  

a n a l y s i s  a r e  t o  be a t t r i b u t e d  t o  t h e  e f f e c t s  o f  th e  c o r r e c t i o n s  

a p p l i e d  t o  r e d u c e  t h e  p r o p e r  m o tio n s  f rom  t h e  Cape s y s te m  t o  

t h a t  o f  t h e  FK^ and  t h a t  t h e i r  e f f e c t  i s  t o  c a u s e  a  r a d i c a l  

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

p r o p e r  m o tio n s  i n  p o s i t i o n  a n g l e .

I t  i s  n o t ,  h o w ev er ,  p o s s i b l e  t o  s a y  w h e th e r  t h e  

l a r g e  p r o p e r  m o t io n s  a r e  a f f e c t e d  by t h e  c o r r e c t i o n s .  From th e  

above r e s u l t s ,  t h e  o n ly  s i g n s  o f  v a r i a t i o n  a r e  t h o s e  b e tw e e n  

t h e p o s i t i o n s  o f  th e  D r i f t  I I  a p ex  f o r  t h e 'C a p e 'm o t i o n s  and  

t h e  l a r g e  p r o p e r  m o t i o n s .  T h e s e ,  h o w e v er ,  a r e  a f f e c t e d  by t h e i r  

l a r g e  p r o b a b l e  e r r o r s  so  n o t h in g  c a n  be s a i d  e x c e p t  t h a t  t h e  

e f f e c t ,  i f  a n y ,  o f  t h e  c o r r e c t i o n s  i s  s m a l l .



I f  t h e  r e s u l t s  f ro m  th e  u n r e s t r i c t e d  p r o p e r  m o tio n s  

on t h e  FK3 s ÿ s te m  a r e  com pared  w i th  t h o s e  f ro m  th e  o r i g i n a l  

a n a l y s i s ,  an  im pro vem en t i s  e v i d e n t  -  a s su m in g  t h a t  t h e  d r i f t  

a p i c e s  u s u a l l y  o b t a i n e d  a r e  c o r r e c t  and  t h a t  p o s i t i o n s  d e p a r t i n g  

from  them  a r e  s u s p i c i o u s .  From t a b l e  V v/e h a v e ,  f o r  t h e  d r i f t  

a p i c e s  f o r  ALL s t a r s : -

Ai 77°7  * 1 ? 0  A a. * 13?2

D> - 5 ° 9  * 2 °6  Dt -4 6 ° 6  ± 10°2

hW| 1 .4 5 7  i  0 .0 4  hWj, 0 .5 2 9  i  o .o 4

and from  t a b l e  X I , f o r  t h e  same s t a r s ,  a f t e r  o m i t t i n g  t h e  A s t a r s : -  

A, 79 °6  Î  3 °4  A3. 32 1 ?0  ± 9°6

Di - 7 Î 3  t  6 °1  Do. - 5 5 ° 3  -  10°8

hW, 1 .4 0 0  -  0 .0 5  hWa m.5 7 1  -  0 .0 4

A lth o u g h  t h e r e  i s  l i t t l e  change  i n  th e  D r i f t  I  a p e x ,  t h e r e  i s  

a n  im provem en t i n  t h e  D r i f t  I I  a p e x  -  ta lc in g  a s  n o rm a l  3 o 8 ^  A^^2?0^ 

and  D.^^-75^ . The e x t e n t  o f  t h e  im provem en t i s  n o t  c e r t a i n  

b e c a u s e  o f  t h e  c o n s i d e r a b l e  p r o b a b le  e r r o r s  o f  e a c h  c o - o r d i n a t e ,  

n e v e r t h e l e s s ,  i f  t h e  b e l i e f  t h a t  t h e  a n o m a l ie s  a r e  o c c a s io n e d  

by th e  e f f e c t s  o f  t h e  c o r r e c t i o n s ^ x s ^ É ^ e ï t e r  t h e  c h a r a c t e r  o f  

t h e  d i s t r i b u t i o n  o f  t h e  s m a l l  p r o p e r  m o t io n s  i n  a  r a d i c a l  m an n e r ,  

i s  c o r r e c t ,  t h e n  t h e  im prov em en t i s  o f  th e  r i g h t  o r d e r  o f  m a g n i tu d e  

s i n c e  t h e  new p o s i t i o n s  w ould  s t i l l  be bound  t o  be a n o m a lo u s ,  

y e t  tj^ejr s h o u l d  be l e s s  a f f e c t e d  t h a n  was th e  c a s e  i n  t h e  f i r s t  

a n a l y s i s ,  s i n c e  by  t h e  o m is s io n  o f  th e  A s t a r s  i n  th e  l a t t e r



a  c o n s i d e r a b l e  num ber o f  s m a l l  p r o p e r  m o t io n s  a r e  rem oved  

t o g e t h e r  w i t h  t h e i r  u n e v en  d i s t r i b u t i o n  o v e r  th e  z o n e ,  a l t h o u g h  

t h e  r e m a in in g  s m a l l  p r o p e r  m o t io n s  w i l l  s t i l l  y i e l d  an  anom alous  

d e t e r m i n a t i o n  o f  t h e  d r i f t  apex*

A l i m i t t e d  exam ple  i s  shown i n  f i g u r e  V I I I .

H ere two c u r v e s  a r e  d raw n . The f i r s t  o f  t h e  c u r v e s  -  t h e  f u l l  

l i n e  c u rv e  -  g i v e s  t h e  d i s t r i b u t i o n  o f  771 s t a r s  o f  s p e c t r a l  

t y p e s  B t o  A3 fro m  th e  b r i g h t  s t a r  volume and  b e tw e e n  R . A ' s ,

16^  and  17^ .  The s e c o n d  c u rv e  -  t h e  d o t t e d  c u rv e  -  g i v e s  th e  

d i s t r i b u t i o n ,  i n  p o s i t i o n  a n g l e ,  o f  68I  o f  t h e s e  s t a r s  on th e  

FIC3 s y s t e m .  Even  t h e  a d d i t i o n  o f  th e  90 s t a r s  o f  s p e c t r a l  t y p e s  

B t o  By t o  t h e  FK3 c u rv e  w ou ld  n o t  b r i n g  t h e  two i n t o  ev en  

a p p ro x im a te  a g re e m e n t ,  and i t  i s  e v i d e n t  t h a t  t h e  Cape -  FK^ 

c o r r e c t i o n s  have c a u s e d  a  r a d i c a l  a l t e r a t i o n  i n  t h e  c h a r a c t e r  

o f  t h e  d i s t r i b u t i o n  i n  p o s i t i o n  a n g le  o f  t h e s e  s t a r s *

The c o n c l u s i o n  may t h u s  be draw n from  th e  a n a l y s e s  

d e s c r i b e d  i n  t h i s  s e c t i o n  t h a t  t h e  e f f e c t  o f  t h e  c o r r e c t i o n s  

d e r i v e d  by  W il l ia m s  and  a p p l i e d  t o  th e  Gape p r o p e r  m o tio n s  t o  

r e d u c e  them  t o  t h e  FK^ s y s te m  h a s  b e e n  t o  o c c a s i o n  anom alotls  

d e t e r m i n a t i o n s  o f  th e  c o n s t a n t s  o f  s t a r - s t r e a m i n g .  F u r t h e r ,  t h e  

c o r r e c t i o n s  have  d e f e a t e d  t h e i r  p u rp o s e  t o  some e x t e n t , i n  t h a t  

one o f  t h e  r e a s o n s  f o r  a p p ly i n g  th e  co r r e c t i o n s  was t o  a s c e r t a i n  

w h e th e r  t h e  low  d e c l i n a t i o n  o f  t h e  s o l a r  a p e x  fo u n d  from  th e  

b r i g h t  s t a r  volume w ould  be rem oved  t h e r e b y  w h e re a s  i t  i s  fo u n d  

t h a t  i n s t e a d  i t  i s  f u r t h e r  lo w e re d *  S in c e  t h e r e  i s  no r e a s o n  to
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b e l i e v e  t h a t  th e  s y s te m s  o f  t h e  Cape c a t a l o g u e s ,  t h e  G*C, o r  

F&3 a r e  s e r i o u s l y  i n  e r r o r  and  a s  t h e  d e p a r t u r e s  o f  t h e  s t r e a m  

c o n s t a n t s  f ro m  t h e  a c c e p t e d  v a l u e s  -  w h ich  t h e r e  i s  no r e a s o n  

t o  b e l i e v e  t o  be e r r o n e o u s  -  a r e  so  m a rk e d , t h e  s i m p l e s t  

e x p l a n a t i o n  p e r h a p s  i s  t h a t  t h e  Cape -  G .C . c o r r e c t i o n s  a r e  a t  

f a u l t ,  t h e s e  b e in g  p e rh a p s  th e  l e a s t  w e l l  d e t e r m i n e d .  One r e a s o n  

f o r  t h i s  i s  t h a t  t h e y  a r e  t o  a  g r e a t  e x t e n t  b a s e d  on t h e  b r i g h t e r  

s t a r s  o f  t h e  Cape c a t a l o g u e  and  t h e s e  a r e  th e ÿ e  w hich  a r e  m ost 

l i k e l y  t o  be i n  e r r o r .  I t  m ust n o t ,  how ever , be n e g l e c t e d  t h a t  

t h e  G .C . -  FIC3 c o r r e c t i o n s a  a r e  a l s o  b a s e d  on b r i g h t  s t a r s  -  e v e n  

b r i g h t e r  t h a n  t h o s e  o f  t h e  Cape -  G .C . r e d u c t i o n s ,  t h e  FK3 

b e in g  a  v e r y  much s m a l l e r  c a t a l o g u e  t h a n  th e  G .C .

T here  a r e  one o r  two p o i n t s  i n  t h e  d e r i v a t i o n  

o f  t h e  Gape -  G .C , c o r r e c t i o n s  by  W il l ia m s  w h ich  may r e q u i r e  

more d e t a i l e d  e x a m i n a t i o n .  One s t e p  i n  t h e  d e r i v a t i o n , a b o u t  

w h ich  t h e  p r e s e n t  a u t h o r  h a s  had  i n c r e a s i n g  d o u b t s  i  n t h e  

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

s e v e n t h  m a g n i tu d e  d i f f e r e n c e s  i n  R .A , t o  t h e  s y s te m  o f  t h e  

e i g h t h  m a g n i tu d e  d i f f e r e n c e s l a s  p e r fo rm e d  by W i l l i a m s ,  nam ely  

th e  f i t t i n g  o f  a  sm oo th  c u rv e  t o  th e  o b s e r v e d  v a l u e s  o f  .

A s e c o n d  d o u b t  a r o s e  a f t e r  d i s c u s s i o n s  w i t h  D r . T . R . T a n n a h i l l .

He o f f e r e d  t o  commence an  i n v e s t i g a t i o n  i n t o  t h e  n a t u r e  and  

d e r i v a t i o n  o f  th e  c o r r e c t i o n s  a f t e r  he h a d  c o m p le te d  th e  

i n v e s t i g a t i o n  i n  t h e  p e r fo rm a n c e  o f  w h ich  he was t h e n  e n g a g e d .



As a p relim in ary , in  June 1954, the p resen t author and Dr. 

T annahill id e n t i f ie d  rather more than 3 500 s ta r s  common to  

the G.C. and the Cape A strographic Zone ca ta logu es as a g a in st  

2 100 found by W illiam s -  i t  now appears th at th ese  2 100 re fe r  

to  those a ta rs  w ith probable errors l e s s  than one second in  

e ith e r  co -o rd in a te  and th a t i f  a s ta r  had a probable error  

of la s s  than one second in  one co-ordinaÿe and more than that  

in  the o th er , then  i t  was not used. The s ta r s  were id e n t i f ie d  

by f in d in g  th e se  s ta r s  between d e c lin a tio n s  -39° 20' and -52°4o* 

in  the G .C ., n&ting th e ir  H.D. number, ob ta in in g  th e ir  1900 

co -o rd in a tes  from the H.D. ca ta logu es and then  id e n t ify in g  

them in  the Gape ca ta logu es by th e ir  c o -o r d in a te s , sp e c tr a l  

types and m agnitudes. The in crea sed  number o f s tars so found 

has n e c e s s a r ily  in crea sed  the scppe o f the in v e s t ig a t io n  and 

the r e s u lt s  are not yet to hand. The gen era l aim decided upon 

i s  to  f i r s t  reproduce W illiams' f ig u r e s  and f in d  th e ir  standard  

d ev ia tio n s  and to  determine the e f f e c t  of the om issio n s. One 

fea tu re  o f W illiams' co rrec tio n s  i s  th a t at tim es but four s ta r s  

or so  are used to  g iv e  the value of a mean d if fe r e n c e . I t  i s  

not p o ss ib le  to  say to  what ex ten t a change in  th ese  co rrec tio n s  

w i l l  a f fe c t  the r e s u lt s  of the subsequent analysesperform ed &y 

V yssotsky and W illiam s, a s,a lth o u g h  the Cape m ateria l was g iven  

tw ice the weight o f th e ir  own m a ter ia l, i t  but co n tr ib u tes 96 

reg io n s to  th e ir  gen era l s o lu t io n  as a g a in st 530 from the 

McCormick m a te r ia l, which thus determ ines the s o lu t io n s .



I n  f i g u r e  IV th e  o b s e rv e d  v a lu e s  a r e

p l o t t e d  a g a i n s t  R .A , a s  a r e  ikhe sm ooth  v a l u e s  u s e d  by liVilliams 

and  t a k e n  f ro m  colum n 2 o f  t a b l e  3 . I I  o f  h e r  p a p e r .  I t  can  be 

s e e n  t h a t  o n ly  a  d o z en  o f  th e  o b s e r v e d  p o i n t s  l i e  c l o s e  t o  th e  

sm oo th  c u r v e .  From t h e  f i g u r e ,  i t  a p p e a r s  t h a t  t h e  sm ooth  c u rv e  

i s  g i v e n  b y I -

_ ^ - 7  = ) - 0 " . l 4  + 0 ' ' . 4 ?  S in (o K -  10^  4 5 * )  ............(&)

I n  f i g u r e s  V and  V I , th e  o b s e r v e d  and t h e  a d o p te d  v a l u e s  o f

and r e s p e c t i v e l y  a r e  p l o t t e d  a g a i n s t  R .A . .  I t  a p p e a r s
we/e Jev\̂ f£cĈ

t h a t  m ethod  by w h ich  t h e  a d o p te d  v a l u e s  o f  and y ^ ^ jg iv e s  

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

a r e  q u i t e  l a r g e  d i s c r e p a n c i e s  a t  t i m e s .  T h ere  i s  some i n d i c a t i o n  

t h a t  t h e s e  v a l u e s  c o u ld  be w e l l  r e p r e s e n t e d  by a  sm ooth  v a r i a t i o n  

w i th  R .A . and  t h a t  d e p a r t u r e s  from  th e  c u rv e  a r e  a c c i d e n t a l .

To d e r i v e  any  s u c h  c u r v e ,  i t  w o u ld ,  h o w e v e r ,  be  a d v a n ta g e o u s ,  

i ^  n o t  e s s e n t i a l  t o  know th e  a c c u ra c y  o f t h e  v a l u e s  o f  ^he Cape 

-  G .C , d i f f e r e n c e s .

I n  f i g u r e  V II  a r e  drawn t h e  f i n a l ' s m o o t h e d  * v a l u e s  

o f  t h e  c o r r e c t i o n s  f o r  ihe e i g h t h  m ag n i tu d e  s t a r s  on t h e  FK3 

s y s te m  and t h e  a d o p te d  v a l u e s  o f  t h e  e i g h t h  m a g n i tu d e  C ap e-G .C . 

d i f f e r e n c e s .  The m ethod  by  w h ich  th e  FK3 v a l u e s  were sm oo thed  

was n o t  s t a t e d  by W i l l i a m s ,  I t  i s  e v i d e n t  f ro m  t h e s e  c u rv e s  

t h a t  th e  a d o p te d  Cape-FK3 c o r r e c t i o n s  c o n s i s t  a lm o s t  e n t i r e l y  

o f  t h e  C ape-  G .C , c o r r e c t i o n s  and t h a t  t h e r e  i s  o n ly  a  s m a l l  

c o n t r i b u t i o n  fro m  th e  G .C . -  FK^ r e d u c t i o n .  The mean v a lu e  o f
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t h e  G ape- G .C , c o r r e c t i o n  i s  - 0 " . 4 4  and o f  t h e  Cape -  FK3 

c o r r e c t i o n  i s  - 0 ” .2 5 ,  soj^ the G .C . -  FK^ r e d u c t i o n  th u s  

am ounts  t o  0 " . 1 9 , w h ich  i s  l e s s  t h a n  h a l f  t h e  C ape-G .C . 

c o r r e c t i o n .  I n  f i g u r e  Y l l l ^ t h e  d i f f e r e n c e s  b e tw e e n  th e  l a s t  

two c u r v e s  a r e  p l o t t e d  a g a i n s t  th e  R .A , -  t h e s e  a r e  i n  e f f e c t  

th e  a d o p te d  G .C , -  FK3 c o r r e c t i o n s .  T h e re  i s  a  g r e a t  d e g re e  

o f  s c a t t e r  e v i d e n t ,  b u t  w h e th e r  t h i s  s c a t t e r  i s  a b o u t  a  

mean v a lu e  o f  0 " .1 9  o r  a b o u t  a  sm ooth  c u rv e  i t  i s  d i f f i c u l t  

t o  s a y .  I t  w ould  be p o s s i b l e  t o  r e p r e s e n t  t h e s e  c o r r e c t i o n s  

by a  c u rv e  o f  th e  fo rm  0 " .1 9  + 0**.30 S i n ( a  -  1 1^  00^9 

w i t h  r e a s o n a b l e  a c c u r a c y  and  p o s s i b l ÿ  w i t h o u t  i n c r e a s i n g  t h e  

mean e r r o r s  and  s i m i l a r l y  t h e  a d o p te d  C ap e-  G .C . c o r r e c t i o n s  

c o u ld  be r e p r e s e n t e d  t o  a  s i m i l a r  d e g re e  o f  a c c u r a c y  by an  

e x p r e s s i o n  o f  t h e  a p p ro x im a te  f ormxjSH.jÉH X

- 0 " . 4 4  + 0 " .6 6  S i n ( a  -  1 3 “̂  00“ ) .

We w ould  t h e n  o b t a i n  t h e  f i n a l  Cape -  FIC3 c o r r e c t i o n s  

t o  b e l -  -G " . 23 + A .S in a  + B .C osa  , A and  B b e in g

c o n s t a n t s .  T hese  m ig h t p o s s i b l y  be a s  a c c u r a t e  as  th e  c o r r e c t i o n s  

g i v e n  by  W i l l i a m s .  A f u l l  i n v e s t i g a t i o n  w o u ld ,  h o w ev er ,  be 

n e c e s s a r y ,  s u c h  a s  D r .  T a n n a h i l l ' s *  I t  d o e s  a p p e a r  f rom  t h e  

above t h a t ,  i f  t h e  o r d e r  o f  m ag n itu d e  o f  t h e  c o r r e c t i o n s  and  

t h e  fo rm  o f  t h e i r  v a r i a t i o n  w i th  R .A . i s  a s  d e r i v e d  by W i l l i a m s ,  

t h e n  t h e  p e r i o d i c  fo rm  g i v e n  above may be e q u a l l y  a p p l i c a b l e ,  

w i t h  a  s i m i l a r  fo rm  f o r  th e  d e c l i n a t i o n  c o r r e c t i o n s .  The m a jo r  

f a c t o r  w i l l  be t h e  a c c u ra c y  o f  th e  m ean  d i f f e r e n c e s  dfirived from



t h e  Cape -  G .C . c o m p a r is p n s  and  th e  e f f e c t s  o f  th e  i n c l u s i o n  

o f  th e  s t a r s  o m i t t e d  by W i l l i a m s ,

(1

(2

(3

(4

(3

(6

(7

(8

(9
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CHAPTER IV

THE ANALYSIS OF THE PROPER MOTIONS OF THE FAINT STARS IN 

THE CAPE ASTROGRAPHIC ZONE ON THE CAPE SYSTEM.

1.
As i t  was fo u n d  from  t h e  a n a l y s e s  d e s c r i b e d  i n  

th e  p r e c e d i n g  c h a p t e r  t h a t  t h e  c o r r e c t i o n s  a p p l i e d  t o  r e d u c e  

th e  Cape p r o p e r  m o tio n s  t o  t h e  FK3 s y s te m  w ere  t o  be r e g a r d e d  

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

o f  s t a r - s t r e a m i n g ,  i t  was d e c i d e d  t h a t  i n  t h e  i n v e s t i g a t i o n s  

o f  t h e  v a r i a t i o n s  i n  th e  c o n s t a n t s  o f  s t a r - s t r e a m i n g  w i th  

s p e c t r a l  ty p e  -  and p o s s i b l y  w i t h  m ag n i tu d e  -  t h e  p r o p e r  

m o t io n s  w ould  be u se d  on th e  Cape s y s te m  o f  r e f e r e n c e .  The 

a im s o f  t h e  i n v e s t i g a t i o n  a s  s t a t e d  i n  s e c t i o n  6 o f  c h a p t e r  I I ,  

w ere n o t  c h a n g e d .  They w ere I -

( i )  t o  a s c e r t a i n  w h e th e r  th e  low  d e c l i n a t i o n  o f  t h e  

s o l a r  ap ex  s t i l l  o b t a i n s  f o r  th e  f a i n t  s t a r s ,

( i i )  t o  c o n f i r m ,  o r  d e n y , t h e  v a r i a t i o n s  o f  t h e  c o n s t a n t s  

o f  s t a r - s t r e a m i n g  w i th  s p e c t r a l  ty p e  n o t e d  f ro m  th e  a n a l y s e s

o f  t h e  s t a r s  o f  t h e  1936 v o lum e , and

( i i i )  t o  d e te r m in e  w h e th e r  t h e r e  i s  any  v a r i a t i o n  

i n  t h e  c o n s t a n t s  o f  s t a r - s t r e a m i n g  b e tw e e n  th e  s t a r s  o f  th e  

b r i g h t  s t a r  volume and  th o s e  o f  th e  f a i n t  s t a r  v o lu m e .

I n  t h e  f o l l o w i n g  i n v e s t i g a t i o n s  o n ly  th e  p r o p e r  

m o t io n s  o f  th e  f a i n t  s t a r  volume were u s e d .



%%

2»
From t h e  s c a t t e r  d ia g ra m s  p r e p a r e d  f o r  th e  a n a l y s e s  

d e s c r i b e d  i n  th e  p r e v i o u s  c h a p t e r ,  th e  d i s t r i b u t i o n  c o u n ts  

w ere  p r e p a r e d .  F o r  t h e s e  a n a l y s e s  th e  h a l f - h o u r  w ide r e g i o n s  

wree com bined  t o  g iv e  r e g i o n s  o f  an  h o u r  and  a  h a l f ' s  w id th  

i n  R .A . I n  c o m b in in g  th e  r e g i o n s ,  a  c o r r e c t i o n  f o r  t h e  c o n v e rg e n c y  

o f  t h e  m e r i d i a n s ,  o f  m a g n i tu d e  5 °  , was i n c l u d e d .  These  r e g i o n s  

w ere  c h o o se n  t o  g iv e  s u f f i c i e n t  num bers o f  s t a r s  i n  t h e  r e g i o n s  

f o r  a n a l y s i s .  Even s o ,  i t ' w a s  n e c e s s a r y ,  i n  th e  c a s e  o f  t h e  F 

s t a r s ,  t o  om it  f o u r  r e g i o n s ,  b e c a u s e  t h e y  c o n t a i n e d  to o fe w  

s t a r s  t o  y i e l d  c u r v e s  am enab le  t o  a c c u r a t e  a h a l y s i s , The same 

s p e c t r a l  g r o u p in g s  w ere  u s e d ,  a s  j^were t h e  u n c l a s s i f i e d  s t a r s .

The a n a l y s e s  were made f o r  f i v e  g ro u p s  -  ALL s t a r s ,  

(Bg -  M, i n c l u d i n g  Un, s t a r s )  J A3 -  F^ , Fg -  G5 , Ko -  M and 

A3 -  M, No a n a l y s i s  was made f o r  th e  A s t q r s  by th e m s e lv e s  s i n c e  

b u t  h a l f  o f  t h e  r e g i o n s  w ould  have  y i e l e d  c u r v e s  t o  th e  a n a l y s i s  

o f  w h ich  any  w e ig h t  c o u ld  have b e en  a t t a c h e d .  The d i s t r i b u t i o n  

o f  t h e  s t a r s  by  s p e c t r a l  t y p e s  and r e g i o n s  i s  g i v e n  i n  T a b le  I ,

The a n a l y s e s  w ere  p e r fo rm e d  b o th  by t h e  " T r i a l  

and  E r r o r "  m athod  and  by S c h w a r z s c h i l d 's  a u to m a t i c  m e th o d .

B e fo re  t h e  a n a l y s i s ^ t h e  o b s e r v e d  d i s t r i b u t i o n  c o u n ts  were 

sm oo th ed  b t y  t a k i n g  r u n n in g  means o f  t h r e e  s u c c e s s i v e  s e c t o r s .

The d e t a i l s  o f  t h e  a n a l y s e s  f o r  e a c h  r e g i o n  and g ro u p  a r e  

g i v e n  i n  T a b le s  I I  t o  X I ,  I t  w i l l  be n o te d  t h a t  i n  t a b k e s  I I  t o  

V I ,  f r a c t i o n s  o f  a  s t a r  o c c u r .  T h is  i s  b e c a u s e  i t  was fo u n d



more c o n v e n ie n t  t o  ^tse a s  t h e  number o f  s t a r s  i n  a  s e c t o r  o f  

p o s i t i o n  a n g le  t h e  a c t u a l  number o f  s t a r s  p l u s  t h e  num bers i n  

th e  s e c t o r s  on e i t h e r  s i d e  o f  i t  r a t h e r  t h a n  a  t h i r d  o f  t h i s  

t o t a l .

From t h e  a n a l y s e s  f o r  e a c h  r e g i o n ,  t h e  e le m e n t s  

o f  t h e  d r i f t  m o t io n s ,  th e  r e l a t i v e  v e l o c i t y  o f  t h e  d r i f t s  and  t h e  

s o l a r  m o t io n  were d e r i v e d  i n  t h e  u s u a l  way a s  w ere  th e  c o r r e s p o n d in g  

q u a n t i t i e s  f o r  th e  v e l o c i t y  e l l i p s o i d .  T hese  a r e  g iv e n  i n  T a b le s  

X II  t o  XIV, I n  T a b le  XV th e  r é s u l t a  from  t h e  d r i f t  a n a l y s e s  and 

t h o s e  from  th e  e l l i p s o i d a l  a n a l y s e s  a r e  com pared  f o r  t h e  q u a n t i t i e s  

i n  common.

F i n a l l y ,  from  th e  e le m e n t s  fo u n d  above i s E  th e  

p o s i t i o n  a n g le s  o f  t h e  d r i f t s  i n  e a c h  r e g i o n  and t h e i r  v e l o c i t i e s ,  

t h e  p o s i t i o n  a n g l e s  o f  th e  m a jo r  a x i s  o f  t h e  v e l o c i t y  e l l i p s o i d  

and o f  t h e  s o l a r  m o tio n  were c a l c u l a t e d  and  com pared  w i t h  th e  

o b s e r v e d  v a l u e s ,  T h e s e a re  g iv e n  i n  T a b le s  XVI ÿo XXI,

The v a lu e  o f  t h e s e  l a t t e r  t a b l e s  i s  t h a t  from  

them  th e  a g re e m e n t  b e tw e e n  th e  o b s e r v e d  and  t h e  c a l c u l a t e d  

v a l u e s  o f  t h e  c o n s t a n t s  o f  a r e g i o n  can  be e v a l u a t e d .  F o r  D r i f t  I  

t h e  a g re e m e n t  i s  q u i t e  s a t i s f a c t o r y ,  t h e  p o s i t i o n  a n g le s  h a v in g  

n o r m a l ly  b e e n  d e te r m in e d  t o  th e  n e a r e s t  3 °  and  t h e  v e l o c i t i e s  

t o  t h e  n e a r e s t  0 ,1  u n i t .  F o r  D r i f t  I I ,  t h e r e  i s  a  w id e r  d e p a r t u r e  

o f  t h e  o b s e r v e d  from  th e  c a l c u l a t e d  v a l u e s .  G e n e r a l l y ,  th e  

d e t e r m n i a t i o n s  a r e  n o t  q u i t e  as  good a s  S m art and  T a n n a h i l l ' s  

( 1 , 2 )  a n a l y s e s  o f  th e  brm ght s t a r s .  T h is  i s  p o s s i b l y  b e d a u se



TABLE I

R e g io n . R,.A, ALL F G K F-K
1 0 43^  422: 39 173 79 291
2 2 13 394 38 122 84 244

3 3 43 323 73 160 128 361
4 3 13 630 122 237 164 323
3 6 43 1173 231 297 293 8 4 l

6 8 13 2137 433 302 343 1082

7 9 43 2437 494 435 431 1380
8 11 13 l 6 o 4 324 469 381 1174

9 12 43 1326 271 488 407 1166
10 14 13 1319 273 466 373 1116
11 13 43 2308 379 484 428 1291
12 17 13 2419 333 4 4 l 464 1238

13 18 43 933 131 313 263 731
14 20 13 627 89 264 196 349

13 21 43 600 61 264 207 332
16 23 13 361 30 231 13$ 439

TOTAL 19 839 3403 3168 4405 12 978

F = S p e c t r a l Group A^ -  F5

G - II n Fg — G5

K = II " Ko -  M

F-K= II " A5 -  M

ALL= II " B8 -  M
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TABLE I I  
DRIFT ANALYSES -  ALL STARS

R hV, Ni hVa G a N%
1 1 1 .3 3

o
85 206 0 .6 5 210 216

2 1 .0 70 284*7 0 .9 0 215 1 2 9 .3
3 ITO 40 2 5 3 .7 0*60 173 2 7 1 .5
4 1 .0 20 2 5 3 .7 0 .2 3 180 376*3
3 1 .0 340 600*3 0*3 230 3 7 4 .7
6 1 .2 305 1334*3 0 .2 210 782*7
? 1 .3 290 1601*3 0 .4 3 210 8 3 3 .7
8 1*6 275 1073 0 .3 170 329
9 1 . 3 260 1006*7 0*33 160 3 1 9 .3

10 1 . 4 240 1124 0*6 130 393
11 1 .3 2 2 2 .5 1 3 3 3 .3 0 .3 170 7 3 2 .7
12 1 . 3 1 9 7 .5 1 7 1 3 .7 0*3 133 7 0 3 .3
13 1 .3 175 398 0 .3 200 337
14 1 .0 1 5 7 .5 330*3 0 .3 180 2 7 6 .7
13 1 . 4 115 307 0*6 215 293
16 1 .5 100 247 0 .3 200 314

TABLE I I I
A5 - ^ 3

4 0*7 0° 8 7 .7 0 .7 213° 3 4 .3
3 1 .1 333 122*7 0 .3 240 1 2 8 .3
6 1 .1 303 317 0 .2 180 118
7 1 .6 2 8 7 ,3 343 0 .3 200 131
8 1 .7 270 201*3 0 .3 180 1 2 2 .7
9 1 . 4 233 190 0 .3 165 81

10 1 .3 245 1 7 1 .7 0 . 7 200 1 0 3 .3
11 1 . 5 220 2 3 3 .3 0 .4 173 1 4 5 .7
12 1 . 9 193 209 0 .3 3 150 144
13 1 . 4 170 8 3 .3 0 .4 173 6 5 .7
14 1 .0 130 5 1 .7 0 .4 240 3 7 .3
13 1 .2 120 3 9 .7 0 .8 240 2 1 .3
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H hV,

TABLE 
F8 -

N,

IV
^3

hVa N ïL
1 1 . 1 90° 8 9 .7 0 .3 200 8 3 .3
2 0 . 9 60 7 3 .3 0 .8 230 4 8 .7
3 0 .8 30 9 4 .7 0 . 9 190 6 3 .3
4 0 . 9 20 1 1 5 .3 0 .3 160 1 2 3 .7
3 1 . 1 333 1 3 3 .3 0 .4 210 1 4 3 .7
6 1 .2 303 1 6 4 .7 0 . 4 190 1 3 7 .3
7 1 .7 293 2 2 2 .3 0 .4 3 193 2 3 2 .7
8 1 .6 2 7 6 .2 3 2 9 8 .7 0 .3 3 160 1 7 0 .3
9 1 . 5 2 3 7 .3 3 0 3 .3 0 . 4 183 1 8 2 .7

10 1 .6 2 3 7 .5 3 0 8 .7 0 .6 l 4 o 1 3 7 .3
11 1 .3 223 3 3 6 .3 0 .7 160 1 4 7 .7
12 1 . 3 193 286 0 .3 160 133
13 1 . 4 173 1 7 5 .3 0 . 4 200 1 3 9 .7
14 1 . 1 l 6 o 1 7 3 .3 0 .1 190 8 8 .7
13 1 .3 113 1 3 3 .3 0 .7 230 1 1 1 .7
16 1 . 2 110 129 0 .6 220 102

1 0 . 9 90°

TABLE 
Ko -

4 4 .3

V
M

0 . 9 2 2 0° 3 4 .7
2 0 . 9 60 5 2 .3 0 .8 220 3 1 .7
3 0 .9 4o 63 0 .3 163 63
4 1 . 1 20 6 6 .7 0 .3 170 9 7 .3
3 0 .8 333 1 6 6 .3 0 .3 233 1 2 6 .7
6 1 . 1 303 209 0 . 3 190 136
7 1 .3 290 2 3 7 .3 0 .3 190 1 7 3 .7
8 1 .3 273 283 0 .6 160 96
9 1 . 6 2 6 2 .3 2 3 8 .7 0 .3 170 1 4 8 .3

10 1 .3 2 4 2 .3 2 4 2 .3 0 . 4 I 8 ë 1 3 2 .7
11 1 .3 2 2 2 .3 2 3 6 .3 0 . 4 180 1 7 1 .7
12 1 .3 195 254 0 . 4 230 210
13 1 . 3 183 1 0 8 .7 0 .3 180 1 3 6 .3
14 0 . 9 130 1 1 3 .3 0 .3 230 8 2 .7
13 1 . 2 120 9 1 .3 0 .3 220 1 1 3 .7
16 1 . 1 100 9 7 .7 0 .8 235 6 0 .3
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TABLE VI 
Â  -  M

R hV< G» Q N, hVa N ,
1 1 . 2 83 1 1 8 .3 0 . 4 200 1 7 2 .7
2 0 .9 3 7 .3 1 3 7 .3 0 .8 220 8 6 .7
3 0 .7 40 2 2 4 .3 0 .7 190 1 3 6 .7
4 0 . 9 20 2 6 3 .7 0 . 4 185 2 5 9 .3
3 1 . 0 333 467 0 . 4 220 374
6 1 . 2 310 649 0 .5 210 433
7 1 . 3 290 8 4 6 .3 0 . 4 190 5 3 3 .7
8 1 .3 2 7 2 .3 772 0 . 5 160 402
9 1 . 3 2 3 7 .3 7 7 7 .7 0 .5 180 3 8 8 .3

10 1 . 3 2 4 2 .3 709 0 .5 175 407
11 1 .6 2 2 1 .2 3 796 0 . 3 180 495
12 1 . 5 193 773 0 . 5 185 485
13 1 . 3 173 3 7 7 .3 0 .3 205 3 5 3 .7
14 1 . 1 135 3 3 8 .7 0 .3 24o 2 1 0 .3
13 1 . 3 113 280 0 . 6 220 252
16 1 . 2 1 0 2 .3 2 3 1 .3 0 .5 200 2 0 7 .7

TABLE V II
ELLIPSOIDAL ANALYSIS -  ALL STARS

R k / h Go_ hS 0 10
1 0 .3 7 0 67 .1 0 .5 3 6 292 .7
2 381 48 .6 523 263 .6
3 634 22 .1 382 2 5 7 .4
4 708 12 .0 314 208 .1
3 683 344  .6 449 140 . 4
6 703 324  .4 0 .8 0 5 118 .4
7 399 306 ,3 1 .0 2 2 1 0 0 .8
8 331 290 .1 1 .0 8 7 86 .0
9 636 2@g6.0 1 .0 7 0 : 9 k

10 667 265 .0 1 .1 1 6 . 54 .4
11 668 .237 .1 1 .0 9 0 35 .0
12 807 204 .4 1 .1 5 4 1 2 . . 8
13 816 170 .8 0 .9 5 7 357  .7
14 799 132 .2 660 343 .0
13 649 92 .2 699 321 .3
l 6 0 .3 9 8 83 .9 680 304  .7
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TABLE V III 
A5 -  F5

R k /h hS 0( n

k 0 .7 4 3 0 .3 8 5 1 7 8 ° .9
3 700 0 . 5 0 .4 9 0 132 .0
6 731 3 1 8 . 9 0 .7 4 0 119 .2
7 332 3 0 6 , 2 1 .0 9 8 98 .8
8 631 2 9 1 . 3 1 .1 1 5 82 .8
9 624 2 7 5 . 0 0 .9 5 6 69 .7

10 667 2 8 1 . .3 1 .0 1 5 33 .0
11 333 240 .6 1 .0 9 4 29 .8
12 882 197 .2 1 .4 6 5 10 .3
13 909 177 .4 0 .9 0 9 349 .9
14 816 135 .3 0 .5 9 5 329  .3
13 0 .9 4 4 105 .5 0 .8 4 3 306 .7

1 0.707

TABLE
F8 -  

65°. 0

IX
G5

0.529 290°.6
2 439 50 .4 0.442 256 ,2
3 388 19 .7 0.292 244 .5
4 723 8 .9 0.250 220.0
3 646 346 .1 0.388 l4o .6
6 587 325 .0 0.518 105 .0
7 526 312 .1 0;852 95 .0
8 497 294 .8 1.000 80 .9
9 575 277 .1 1.084 69 .4

10 631 264 .1 0.874 50 .4
11 637 234 .1 1.307 36 .0
12 719 204 .1 1.317 11 .7
13 617 161 .3 1.046 0 .8
14 726 150 .0 0.745 341 .3
13 575 88 .8 0.731 319 .7
16 0.732 88 .2 0.671 310 .8
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TABLE X 
Ko — M

R k / h hS 0| n

1 0 .3 3 4 67?3 0 .4 3 1 320*0
2 619 33*9 0 ,4 4 4 2 4 8 ,2
3 649 1 3 .3 0 .4 4 4 4 2 6 1 .0
4 637 1 7 .7 0 .3 2 2 2 1 3 .2
3 336 3 3 4 .2 0 .4 8 3 1 3 0 .0
6 638 3 2 7 .3 0 .9 4 9 1 2 2 .9
7 399 3 0 2 .3 0 .8 9 1 1 0 3 ,3
8 393 2 8 9 .2 0 .9 3 2 8 8 .4
9 650 2 7 6 .7 1 .0 8 6 7 4 .8

10 677 2 6 1 .8 0 .9 6 2 6 1 .4
11 783 2 3 8 .3 1 .0 6 4 3 9 .0
12 848 2 2 2 .3 1 .1 1 6 1 7 .7
13 798 1 7 6 .8 0 .7 3 6 3 . 9
14 783 1 2 4 .0 0 .6 4 1 3 4 8 .3
13 713 1 0 4 .0 0 .6 0 3 3 2 6 .4
16 0 .3 3 8 8 6 .7 0 .4 9 3 3 0 8 .1

TABLE XI 

Â  — M

1 0 .6 7 0 69?5 0 .4 4 3 294?3
2 608 4 9 .0 0 .5 1 1 2 4 2 .0
3 685 2 2 .4 0 .3 1 7 2 5 0 .8
4 721 1 3 .6 0 .3 2 4 2 0 5 .0
5 688 3 4 7 .4 0 .5 0 4 1 3 7 .5
6 655 3 2 3 .6 0 .7 2 7 1 1 5 .0
7 575 3 0 7 .6 0 .9 6 8 9 9 .3
8 574 2 9 2 .8 1 .0 3 6 8 5 .0
9 510 2 7 6 .8 1 .0 6 2 7 1 .0

10 662 2 6 6 .5 1 .0 4 1 5 1 .1
11 688 2 3 7 .7 1 .0 7 3 3 5 .0
12 810 2 0 4 .0 1 .1 6 5 1 3 .4
13 798 1 6 7 .7 0 .8 8 8 3 5 9 .2
14 798 1 3 8 .0 0 .6 9 3 3 4 1 .2
13 659 9 3 .8 0 .6 8 9 3 2 0 .4
16 0 .5 8 7 8 6 .7 0 .5 9 1 3 0 8 .1
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TABLE XII 
BRIPT CONSTANTS 

DRIFT I
ALL STARS A5 ; F5 F 8 - G5

%1 - 0 .0 1 3 -  0 .0 5 3 “ 0 .0 0 0  “ 0 .0 7 2 0 .0 0 1  - 0 .0 7 4
( 0 .0 5 2 0 .0 3 5 ) ( - 0 .0 2 8 0 . 0 5 4 ) ( - 0 ,0 1 9 0 .0 4 2 )

Ï 1 1 .4 8 6 0 .0 5 3 1 .5 4 8 0 .0 7 4 1 .4 4 9 0 .0 7 4
( 1 •4 4 6 0 . 0 3 2 ) ( 1 .6 7 7 0 .0 4 1 ) ( 1 .5 3 3 0 . 0 3 8 )

Z l - 0 .1 9 0 0 .0 5 4 - 0 .2 9 6 0 .0 9 2 - 0 .2 2 6 0 .0 7 6
( - 0 .2 1 7 0 .0 4 4 ) ( - 0 .2 2 0 0 . 0 6 7 ) ( - 0 .1 3 6 0 . 0 5 3 )

Al 90°5 2%0 $0°0 2*6 90°0 3gO
(88*0 1 *4) ( 9I 5O 1* 8) (90*7 1*6)

Dl -  7 p 2 g l -10* 8 4*5 -  8*9 2?4
( -  8*5 0 *6 ) ( -  7*5 2*3) ( -  5*1 2*0)

hWl 1 .4 9 8 0 .0 5 3 1 .5 7 6 0 .0 7 4 1 .6 1 5 0 .0 6 8
( 1 .4 6 3 0 . 0 3 5 ) ( 1 .6 9 2 0 .0 4 2 ) ( 1 .5 3 9 0 . 0 3 8 )

N i 12513 2 0 5 2 .3 3 0 7 8 .3
(1 0 7 4 5 ) (1 7 6 0 . 0 ) ( 2 0 1 5 . 0 )

X2

Ï 2

Z2

0.037 
( 0 .093 

- 0 .1 0 8  
(-0 .1 4 0
- 0 .6 0 3

( - 0 .6 2 8

ALL STARS 
+

0 .0 6 7
0 . 0 2 9 )
0 .0 6 7
0 . 0 2 6 )
0 .0 6 8
0 . 0 3 6 )

0 .0 8 1  
( 0 .1 8 2  
-0 .0 6 4  

(-0 .1 4 1
- 0 .5 8 3

( - 0 .6 1 9

DRIFT I I  
A5 7 F5

0 .0 8 3
0 . 0 3 3 )
0 .0 8 6
0 . 0 3 0 )
0 .1 0 7
o .o 4 o )

f 8
0 .0 5 6

( 0 .046
- 0 .1 8 9

( - 0 .1 3 9
- 0.666

( - 0 .6 7 0

;  ®5 
-  0 .0 7 0

0 . 0 2 8 )
0 .0 7 0
0 . 0 2 5 )
0 .0 7 1
0 . 0 3 4 )

A2

D2

tiW2

N2

289°0 
(303g6
-7 9 :0

( -7 5 .0
0 .6 1 4

(0 .650
7326

(7 5 7 8 )

1
0 .0 6 8
0 . 0 3 5 )

321°7
(3 2 2 :2
- 8 0 ,0

( -6 9 .4
0 .5 9 2

(0 .6 6 1

4e°o

■ i:
0 .1 0 6
0 . 0 3 9 )

1 1 5 2 .7
( 1 5 0 3 . 0 )

286°5
(288 :4
- 74J 1

( -7 7 .7
0 .6 9 4

( 0 .6 8 6 8

I;
0 .0 2 3
0 . 0 3 4 )

2 0 8 9 .7
(1941 .0 )
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TABLE XII (C on t.)  
DRIFT CONSTANTS

DRIFT I
Ko - M 45 T M

Xi - 0 .0 3 6  - 0 .0 7 8 0 .0 1 3  Ï 0 .0 6 8
( - 0 .0 2 9 0 . 0 5 2 ) (« 0 .0 2 2 0 .0 4 5 )

Ï 1 1 .3 6 9 0 .0 7 8 1 .4 3 3 0 .0 6 8
( 1 .4 4 2 0 .0 4 7 ) ( 1 .5 3 8 0 .0 4 1 )

Z l - 0 . 2 1 2 0 .0 8 0 - 0 .2 4 6 0 .0 6 9
( - 0 .0 9 9 0 .0 6 4 ) ( - 0 .1 4 4 0 . 0 5 6 )

Al 9 1 p 3 p
( 90*8

2*7
( 9 l j l 2*1) 1 * 7 )

Dl -  8*8
( -  3*9

-  9*7 2*7
2 ? 5 ) ( -  5 . 3 2* 1 )

hWi 1 .3 8 5 0 .0 7 8 1 .4 5 4 0 .0 6 7
( 1 .4 4 6 0 .0 4 6 ) ( 1 .5 4 5 0 .0 4 1 )

Kl 2 5 6 8 .3 7781
( 2 1 9 1 . 0 ) #6 0 0 2 )

DRIFT I I

Ko - M A^ - M

X2 - 0 . 0 4 ?  -• 0 .0 7 9 0 .0 2 4  i 0 .0 5 8
( 0 .0 4 o 0 . 0 3 7 ) ( 0 .0 9 2 0 .0 2 4 )

Ï 2 - 0 .1 8 8 0 .0 7 9 - 0 .1 4 5 0 .0 5 8
( - 0 .0 8 6 0 . 0 3 3 ) g - 0 .1 3 1 0 .0 2 2 )

Z2 - 0 .5 8 5 0 .0 8 1 - 0 .6 0 4 0 .0 5 8
( - 0 .5 8 7 0 .0 4 6 ) ( - 0 .6 4 9 0 . 0 3 0 )

k z 256*0 23*4 279?5 22*4
(2 9 5 Î2 2 1*2 ) (304*9 8 * 4 )

»2 7J 4 -7 6 *3 5?3
( - 8 0 .4 3 . 1 ) ( - 76*2 2 . 0 )

hW2 0 .6 1 6 0 .0 8 4 0 .6 2 2 0 .0 5 8
( 0 .5 9 5 0 .0 4 6 ) (0 .6 6 8 0 . 0 2 9 )

N2 1 8 3 6 .7 5197
(2030. 0 ) (3446)



TABLE X I I I

THE VERTEX OF STAR-STREAMING AND THE SOLAR MOTION

ALL STARS A3 -  F5 f 8 -  G5 Ko -  M A5 -  M
Ay 271? 8 -  2?3 2 7 2 Î9  -  3 ? 9 27109 -  306 26906 -  401 27004  -  302

( 2 7 l? 5  1 ? 6 ) :270?6 2 ? 0 ) (27202 107)1 27206 204) (27308 1 08 )

Dv -1 4 ? 3  l ? 4 -1 0 ? 1  3?1 -1 5 0 0  305 -1 3 0 5  400 -1 2 0 8  304

( -1 4 ? 5  2 ? 0 ) : -1 2 ? 3  2 ? 3 ) (-1802  202)1 -1 7 0 7  3 0 0 ) (-1608  2 02 )

Gy 3 4 3 Î4 34708 34300 34302 34402

Sv +0?1 +105 -0 0 1 +206 +200

(Gy , (3 4 3 ? 2 ) 934405) (3 4 0 0 2 ) (3 4 0 0 6 ) (3 4 2 0 0 )

(gv! (+ 0 ?5 ) 0+208) ( - 1 0 2 ) ( - 1 0 4 ) ( - 1 0 8 )

A l .6 4 8 io .o 4 l 1 .6 3 9 - 0 .0 4 4 1 . 697- 0 .0 7 5 1 .6 0 1 ± 0 .0 8 4 1 .6 l8 ± o .lo o
(1 .6 3 8  0 .0 4 3 ) (1 .8 7 3  0 . 0 5 3 ) (1 .7 5 6  0 .0 4 9 ) (1 .6 0 6  0 . 0 6 0 ) (1 .7 4 7  0 .0 4 8 )

Ao 26906 26803 26806 27302 26808
(2 6 3 ? 1 ) (2 6 5 0 3 ) (2 680 9 ) (2 6 9 0 5 ) (2 6 7 0 5 )

Do 25?4 2204 2505 2708 2509
( 26? 1 ) (2 5 0 6 ) (2902 ) (2 5 0 3 ) (2 7 0 3 )

iiU( 0 .8 0 0 1 .0 4 7 0 .9 7 2 0 .8 0 8 0 .8 9 1

( 0 . 8 7 9 ) ( 0 .9 3 4 ) (0 . 8 1 7 ) ( 0 . 7 8 0 ) ( 0 . 8 3 8 )
N l 1 .7 0 8 1 .7 8 1 1 .4 7 3 1 .3 9 8 1 .4 9 7
N2 ( 1 .4 1 0 ) ( 1 .1 7 3 ) ( 1 . 0 3 8 ) ( 1 . 0 8 0 ) ( 1 .1 0 2 )



Av

Dv

Gv

gv

K
H

TABLE XIV

ellipsoïdal  constants AND THE SOLAR MOTION.

ALL STARS 
27106 -  200 

( 2 7 0 0 2 )

-1702 ^200 
( - 1 3 0 4 )

34000  
(3 4 3 . 6 )

+008 
(+2 . 1 )

0 .6 0 2  i  0 .0 3 6  
( 0 . 6 2 5 ) '

A5 -  F5 
27807 -„ 4 0 3

(27606)
-1 5 0 4  502

( - 1 1 0 7 )
94508  

( 3 4 8 0 1 )

-600

f 8 -  g;
27007 -^306 

(27206)
-1 5 0 5  „ 305 

(416 04 )

342*0
(342 01 )

+006

0 .6 7 6  -  0 .0 7 2
(0T 552)

Ko -  M 
26906 -  206 

(268 05 )

-1 9 0 7  2 %
( - 1602)
33708

(34003)
-0 0 4

0 .5 5 4  -  0 .0 7 5  
(0 . 5 6 )

A5 -  M
27106 i  206

-1602 205

34108

•003

0 .6 0 6  -  0 .0 4 6
( 0 . 6 5 )

0 .601-0 .0 '

Aq 27105  - 4 0 2  
( 2 6 6 . 9 )

26609 ± 3 0 5  
(266 00 )

27102 ± 404 
(2 6 9 0 9 )

27504  ± 505 
(2 7 2 0 3 )

26905 ± 406

Da 2500 309 
(2 8 0 3 )

1908 401 
(2 3 0 2 )

3009 „308 
(3 1 0 6 )

2402  503 
(3 1 0 8 )

2905 402

hUo 0 .9 4 8  ± ,0 .8 6  
(Os94)

m .0 5 6 ± 0 .0 6 4
( l.O g )

0 . 819* 0 .0 6 5

TABLE Xï
COMPASOISOK OF TWO-DRIFTS AMD ELLIPSOIDAL VERTICES AMD SOLAR MOTION.

ALL Gv gv Ao Do hii 0̂
T.D

ALL 34304 34000
T.D

+001 • a -
T .D .

26906
E l l .

27105 J f , -
‘ E l l .  

+2500
T D. 
0080

E l l .

F 34708 34508 105 -6 0 0 26803 26609 2204 1908 1 .0 5 1 .0 6
G 34300 34200 -0 0 1 006 26806 27102 2505 3009 0 .9 7 0 .9 5
K 34302 33708 206 -0 0 4 27302 27504 2708 2402 0 .8 1 0 .8 5

F-K 34402 34108 200 -803 26808 26905 250 9 2905 0 .8 9 0 .8 2
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TABLE XVI
R àR8 .

. 1 %
A h

1 7 7 ,3 +2°3 + 0 .1 1 4309 - 0 .2 2
2 6 1 .9 + 0 .1 +0 .3 2 4 7 .9 - 2 1 . 0 - 0 . 4 4
3 4 8 .3 + 8 .2 + 0 .1 2 5 1 .3 + 1 3 .8 - 0 . 1 2
k 3 9 .8 - 1 . 6 - 0 . 0 4 5 3 .7 + 6 ,6 + 0 .2 3
3 3 9 .6 + 3 .2 - 0 . 0 4 5 4 .8 - 4 8 . 3 + 0 .2 0
6 4 8 . ô + 8 .0 - 0 .0 9 5 4 ,6 “3 3 . 4 +0 .3 0
7 6 1 .3 + 0 .8 - 0 .1 9 5 3 .0 - 3 8 .2 + 0 .0 4
8 7 6 .6 - 1 . 8 - 0 . 1 4 5 0 .2 -  2 .1 - 0 .0 3
9 9 2 .2 —2 .8 0 4 6 .5 + 3 .3 + 0 .1 0

10 1 0 6 .7 0 0 .0 4 4 2 .4 + 1 4 .6 - 0 . 1 9
11 1 1 8 .7 - 3 . 0 - 0 . 1 9 3 8 . 4 -  3 . 7

+ 1 7 .1
- 0 .1 2

12 1 2 3 .9 - 3 . 1 - 0 . 2 9 3 5 .2 - 0 . 1 3
13 1 2 6 .0 - 8 . 2 - 0 .0 9 3 3 .6 —2 2 .4 + 0 .0 4
14 1 1 9 .2 - 1 6 . 0 + 0 .3 1 3 4 .0 + 3 . 0 + 0 .0 4
13 1 0 7 .3 + 3 .8 + 0 .0 3 3 6 .2 - 2 4 .0 - 0 . 2 4
16 9 2 .9 + 3 .3 0 3 9 .8 -  3 . 4 - 0 .1 1

TABLB XVII

4 36*3 +17?9

A3 -  P3 

+0.23 4904 -2302 -0 .2 5
3 3 6 .3 + 7 .1 -0 .1 7 5 2 .1 -5 1 .8 - 0 .0 3
6 43 .3 + 4 .8 +0.02 53 .8 + 3 .8 +0 .2 8
7 3 9 .0 + 0 .3 -0 .2 3 5 4 .2 —21 .0 -0 .0 2
8 74 .3 + 0 .1 - 0 .1 8 53 .3 -  5 .6 -0 .0 3
9 90 .0 - 0 .9 +0 .1 8 51 .2 + 5 .2 -0 .0 4

10 104.3 - 3 .3 +0.03 4 8 .1 - 3 2 . 8 - 0 .2 6
11 113.8 - 2 .7 - 0 .0 8 44 .3 -  9 .4 +0.01
12 122.3 - 2 .4 -0 .3 7 4 0 .5 +1 6 .2 - 0 .1 7
13 122.3 - 2 .6 90.07 3 7 .1 -  5 .8 90. o4
14 1 1 3 .8 - 7 .3 +0.42 3 4 .8 -6 5 .4 - 0 .0 6
13 104,3 — 1 .7 +0.33 3 4 .3 - 5 8 .6 - 0 .4 7

A 6) ^®i*oalo.

â(AVi) =



1 7609  -0 00 8
2 6 1 .5  - 1 2 .0
3 4 7 .7  +10.4
^ 3 8 .6  -  0 .5
5 3 7 .9  + 9 .2
6 4 6 .2  + 8 . 0
8 5 9 .5  + 0 .5
8 7 4 .8  -  4 ,7
9 9 0 .4  _ 5 .3

10  1 0 5 .0  -  2 .6
11 1 1 7 .0  -  2 .7
12 1 2 4 .2  + 0 .3
13 1 2 4 .8  - 1 6 .7
14 1 1 8 .9  -  6 . 8
15 1 0 6 .8  + 2 .5
18 9 2 ,4  + 5 . 2

TABLE X V III  

F8 -  G5

R
1 7508 +0 .4 7 4500

/3hVA
- 0 .0 1

2 6 6 .8 + 1 0 .9 +0 .3 8 5 0 .8 - 3 0 .2 - 0 .2 6
3 4 6 .9 +1 8 .8 +0 .3 0 5 5 .5 + 4 .8 - 0 . 3 3
4 3 8 .1 -  2 .7 + 0 .1 0 5 8 .7 +2 8 .6 +0 .0 9
3 3 8 .1 + 7 .7 - 0 . 1 0 6 0 .1 - 2 8 .3 + 0 .2 0
6 4 6 .9 + 6*2 - 0 . 0 2 59*5 - 1 5 .4 + 0 .2 0
7 6 6 .8 -  3 . 9 9 0 .2 2 5 7 .2 - 2 7 .0 +0 .1 3
8 - 7 5 .8 — 4 . 0 - 0 .0 3 5 3 .1 + 2 . 4 + 0 .0 1
9 9 0 .1 -  2 . 1 + 0 .1 1 4 7 .8 —2 6 .6 + 0 .1 1

10 1 0 5 .8 + 1 .1 - 0 .0 3 4 1 .8 +1 7 .0 - 0 . 1 4
11 1 1 7 .5 -  6 .8 - 0 .0 7 3 5 . 8 -  1 . 1 - 0 .2 9
12 1 2 4 .4 — 2 . 0 - 0 .1 7 3 0 . 9 + 5 .6 —0 . l 4
13 1 2 4 .4 -  8 . 0 - 0 .0 7 2 8 .4 - 2 3 .0 - 0 .0 7
14 1 1 7 .5 " 1 8 .2 + 0 .3 3 2 9 .3 -  0 .5 +0 . 24
13 1 0 5 .8 + 6 . 4 +0 .2 7 3 3 .3 - 3 1 .4 - 0 .3 2
16 9 0 .1 - 1 7 .8 + 0 .4 1 3 8 .9 - 1 7 .3 - 0 .1 6

TABLE XIX 

K5 -  Ü

+0 .4 5 5401 -1 9 0 4 - o . 4 o
+0 .3 2 5 8 .9 - 2 5 .6 - 0 .2 7+ 0 .1 2 6 1 .8 + 2 2 .0 - 0 . 0 4
4 0 .2 4 6 2 .6 + 9 .3 +0 .2 3
- 0 .0 5 6 1 .2 - 8 3 .2 + 0 .2 4
+ 0 .1 0 5 7 . 9 —26 * 0 + 0 ,0 2
- 0 .3 1 5 2 .7 - 2 2 ,0 +0 .1 9
+ 0 .0 4 4 6 .3 -  5 .8 - 0 .1 3- 0 .2 1 3 9 . 3 - 1 6 .8 - 0 .1 1
- 0 .1 6 3 2 .5 - 2 3 .2 - 0 .0 7- 0 .2 7 2 7 .5 - 1 3 .4 - 0 .1 2
- 0 .3 5 2 5 .8 “4 8 .9 “ 0 ,1 3
- 0 .3 6 2 8 .5 +16 « 4 - 0 . 0 1+ 0 .4 1 3 4 .1 “ 2 3 .4 - 0 ,1 3
+0 .1 3 4. .0 - 1 3 .2 - 0 . 1 0
+0 .2 8 4 8 . 0 “ 2 9 .9 - 0 .3 4



TABLE XX

Hi

A5 -  M

R Ae, AhV;
4 6 &1 74? 9 +304 + 0 .2 0 -  0?9 +0 .0 3

2 5 9 . 5 + 1 3 .5 + 0 .3 3 5 1 . 1 - 2 3 .9 - 0 .3 2
3 4 3 . 9 + 8 .8 + 0 .3 4 3 4 . 8 + 1 . 5 - 0 .1 9
4 3 7 . 2 -  2 .3 - 0 . 0 2 5 7 . 2 -  0 . 7 + 0 .1 2
3 3 7 . 5 + 3 . 6 - 0 . 1 2 5 7 .8 - 4 0 . 4 +0 .1 3
6 4 6 . 4 + 0 . 1 9 0 .1 5 ' 5 6 . 9 - 3 6 . 7 +0G02
7 6 0 .2 " 1 . 9 - 0 . 2 4 3 4 . 3 - 2 2 . 2 + 0 .1 1
8 7 5 . 6 -  1 . 7 - 0 . 0 9 5 0 . 4 + 3 . 2 - 0 . 0 2
9 9 0 .1 -  2 . 7 - 0 . 0 5 4 5 . 5 - 1 9 .1 - 0 ,0 6

10 1 0 3 . 4 — 4 . 8 - 0 . 1 0 4 0 . 9 - 1 1 . 1 - 0 .0 9
11 1 1 7 . 0 -  4 . 0 - 0 . 3 0 3 5 . 2 - 1 1 . 5 +0 .0 6
12 1 2 3 . 7 “ 1 . 4 - 0 . 2 9 3 1 . 7 - 1 0 . 7 - 0 ,1 7
13 1 2 3 . 5 -  9 . 0 &0.30 3 0 . 6 - 2 4 . 2 + 0 .0 2
14 l l 6 .6 - 1 3 . 3 + 0 .2 0 3 2 .1 -49G5 +0 .0 3
15 1 0 4 .8 + 6 . 3 + 0 .1 1 3 6 .0 - 2 2 . 9 - 0 .2 3
16 9 0 . 0 + 1 . 9 + 0 .2 3 4 1 . 0 - 2 0 . 3 - 0 . 0 9

TâBlB XXI

ALL F G K F-K
g A 0t> ^  0î-' «A
1 + 2?7 - 11?0 ' h  2 0 + 6?8 - 4?0 + o?5 - 3 7 ? 9 +2?3 - 1 0 ?]
2 + 4 . 6 + 2 . 3 + 4 . 6 +1 6 .0 -  2 .2 +1 8 .3 + 6 .3  +2 7 .4
3 + 1 1 .9 - 1 1 . 4 +1 6 .1 + 9 . 0 +1 9 .4 - 1 4 . 1 +1 3 .7  - r U .3
4 -  0 , 4 + 2 . 3 + 2 .3 + 1 8 .4 + 4 . 2 - 2 . 3 -  6 , 6 + 2 . 4 + 0 . 2  + 6.C
5 + 0 . 7 +1 5 .6 - 3 . 3 + 8 . 9 + 2 . 4 + 8 . 3 +1 3 .7 +1 6 .6 + 2 .1  + 9.C
6 + 0 . 8 -  0 . 8 + l 4 .4 - 0 . 9 +0 ,6 + 4 . 2 -  1 . 5 + 3 . 1 + 3 . 0  -  5 . f
7 e 0«2 -  4 . 7 + 6 . 3 - 1 . 2 -  6 . 1 - 5 . 4 + 6 . 0 -  1 . 2 - 0 . 5  -  7.f
8 -  0 . 4 -  5 . 8 + 3 . 7 - 1 . 4 -  5 . 5 - 5 . 9 + 2 . 1 -  3 . 4 - 2 . 3  -  9 . f
9 -  3 . 0 -  6 , 3 + 4 . 1 3 . 5 -  3 . 4 - 8 . 2 -  0 . 7 -  4 . 7 - 2 . 1  -  9 . S

10 -  7 .7 -  4 . 3 - 1 8 .3 — 5 , 4 -  7 . 3 - 4 . 0 -  2 . 4 -  5 . 8 -8 5 5  -  5 .3
11 -  1 . 9 -  2 . 6 + 2 . 9 + 2 . 0 + 0 . 9 "• 6 .3 -  0 . 8 -  2 . 1 - 1 . 2  — 6 .3
12 -  3 . 3 -  0 . 6 +1 8 .2 — 1 . 8 -  1 . 8 - 0 . 7 - 2 0 . 2 -  1 . 3 0 -  3 .7
13 - 1 3 .4 -  7 . 0 -  2 . 2 - 4 . 6 -  0 . 9 - 9 .6 - 2 1 . 0 -  9 . 7 - 6 . 3  - 9 . 7
14 -  8 .3 - 1 2 . 9 + 2 . 0 - 5 . 2 - 2 3 .2 - 9 . 0 -  3 . 0 - 1 5 .8 - 1 0 . 9  - 1 0 . S
15 + 9 .8 -  9 . 2 + 6 , 1 - 1 . 0 +1 6 .7 - 4 . 4 -  2 . 7 - 1 2 .8 - 1 0 . 7  -  6 .3
16 + 1 . 4 -  8 . 4 -  0 . 8 - 6 . 4 -  3 . 4 - 1 0 . 9 - 0 . 7  -  9 . S
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th e  s m a l l e r  m o t io n s  o f  t h e  f a i n t  s t a r s  a r e  more s u s c e p t i b l e  

t o  e r r o r ,

. 3 0 /  ; 0 ; ' ' /  ... ■
/As was th e  case , w i t h  th e  b r i g h t  s t a r s ,  i t  w as

fo u n d  p o s s i b l e  i n  n e a r l y  e v e r y  c a s e  t o  o b t a i n  a  good  f i t  b e tw e e n

th e  o b s e r v e d  and  t h e  c a l c u l a t e d  c u r v e s ,  a l t h o u g h  t h e . f i t s  w ere  

n o t ,  p e r h a p s ,  a s  good a s  t h o s e  f o r  t h e  b r i g h t  s t a r s .  As m e n t io n e d

e a r l i e r  i t  w a s , n e c e s s a r y  t o  o m it  f o u r  r e g i o n s  f o r  t h e  F s t a r s ,

a s  h o  w e ig h t  c o u ld  be a t t a c h e d  t o  t h e i r  a n a l y s e s , .

I n  t a b l e  XXII^ b e lo w , th e  p o s i t i o n s  o f  t h e  D r i f t  

a p i c é s i fo u n d  f ro m  t h i s  i n v e s t i g a t i o n  a r e  com p ared  w i t h  t h o s e  

fro m  t h e  b r i g h t  s t a r  volum e and  w i th  T a n n a h i l l \ s  r e s u l t s  (3 )  

from  h i s  a n a l y s i s  o f  t h e  m o t io n s  o f  t h e  G ,G ,

On c o m p a r in g  t h e  p o s i t i o n s  o f  th e  D r i f t  I  a p ex  

f ro m  e a c h  g r o u p ,  i t  i s  e v i d e n t  t h a t ;  t h e  p a i r s  o f  v a l u e s  a r e  so  

c l o s e  t o g e t h e r  t h a t  t h e  d i f f e r e n c e s  a r e  a c c i d e n t a l ,  and  t h a t  

i t  c a n  be t a k e n  t h a t / t h e  two vo lum es o f  t h e  Gape p r o p e r  m o t io n s  

g i v e  i d e n t i c a l  D r i f t  I  p o s i t i o n s .  The d i f f e r e n c e s  f o r  t h e  p a i r s  

o f  v a l u e s  o f  hWt a r e  g r e a t e r  i n  .c o m p a r is o n ,  b u t  a s  t h e  mean p r o b a b le  

. e r r o r  o f  the . b r i g h t  s t a r  d e t e r m i n a t i o n s  i s  a b o u t  0 .0 4  and  t h a t  

f o r  t h e  f a i n t  s t a r s  a b o u t  0 . 0 7 ,  i t  seem s t h a t  t h e  d i f f e r e n c e s  a r e  

u n l i k e l y  t o  be  ' s i g n i f i i r a n t ^ e s p e c i a l l y  a s  t h e y  do n o t  a p p e a r  t o  

be s y s t e m a t i c ,

A s i m i l a r  c o n c l u s i o n  a p p e a r s  p r o b a b l e  f o r  th e  

D r i f t  I I  d e t e r m i n a t i o n s .  H e r e . t h e ,  d i f f e r e n c e s  l i e  m a in ly  i n  

E ,A , F o r  t h e s e ,  h o w e v e r , t h e  p r o b a b le  e r r o r s  a r e  l a r g e  -  o f  t h e
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o r d e r  o f  10* f o r  t h e  b r i g h t  : s t a r s  and 20* f o r : t h e  f h i n t  s t a r s  -

Thus a g a i n  i t  c a n  be t a k e n  t h a t  th e  a p i c e s  a r e  i d e n t i c a l .

On c o m p a r in g  t h e  Cape r e s u l t s  w i t h  th o se ,  f ro m  th e  

- 0 . 0 ,  a  num ber o f  d i f f e r e n c e s  a p p e a r .  F o r  t h e  r i g h t  a s c e n s i o n  o f  

t h e  D r i f t  I  a p e x ,0 th e  G .C , p o s i t i o n s  a r e  a l l  g r e a t e r  t h a n  t h o s e  

f ro m  t h e  Gap#, w h i l s t  f o r  D r i f t  I I  t h e  Cape v a l u e s  a re ;  h i g h e r  

t h a n  t h o s e  f o r  th e '  G ,C , F o r  t h e \ d e c l i h a t i o n s , t h e  D r i f t  I  v a lu e s  

a r e  much th e  sam e, b u t  f o r  D r i f t  I I  t h e y  a p p e a r  t o  be g r e a t e r , 

n u m e r i c a l l y ,  f o r  t h e  G ape, N o th in g  c an  be d e d u c e d ;;a b o u t  t h e  ; 

D r i f t  I  v e l o c i t i e s  i n  t h i s  r e s p e c t ,  b u t  t h e  G . C g i v e s  h i g h e r  

D r i f t  I I  v e l o c i t i e s .  T h is  l a t t e r  i s  t o  be e x p e c t e d ,  s i n c e  th e  

G ,C . c o v e r s  t h e  w hole  s k y  and  n o t  s o l e l y  à  zone  n é a r  t h e  D r i f t  I I  

a p e x ,  ahd  h a s  b e t t e r  de t e r  milked m o t i o n s .  ’

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

c a n  now be c o n s i d e r e d ^  T a k in g  t h e  two s e ÿ s  o f  .Cape r e s u l t s

s e p a r a t e l y ,  t h e  o n ly  V a r i a t i o n  f u l l y  e v i d e n t  f ro m  th e  b r i g h t  

s t a r s  i s  t h a t  o f  hŴ  , w h ich  d e c r e a s e d  f ro m  t h e  F ty p e  s t a r s  

t o  t h e  K t y p e s .  T h is  c a n n o t  be d e f i n & t ë l y  c o n f i r m e d  from  th e  

t a i n t  s t a r s ,  b u t  t a k i n g  t h e  two, s e t s  o f  r e s u l t s  t o  be th e  sam e, 

i t  t h e n  c an  be c o n f i r m e d .  F o r  t h e  b r i g h t  s t a r s ,  t h e  d e c l i n a t i o n

o f  t h e  D r i f t  I  ap ex  i n c r e a s e s  f rom  T ypes F. tO K ,b u t  f o r  th e ;

f a i n t  s t a r s  a l l  t h a t  c a n  be s a i d  i s  t h a t  t h e y  do no;t deny  t h i s  

v a r i a t i o n .

F o r  D r i f t  I I ,  t h e  b r i g h t  s t a r s  show a  d e c r e a s e  o f  

t h e  d e c l i n a t i o n  o f  th e  a p e x  from  t y p e s  F t o  K, F o r  t h e  f a i n t  

s t a r s  th e  t r e n d  i s  r e v e r s e d .  The f a i n t ,  s t a r s  a l s o  show a  d e c r e a s e



TABLE XXII 

COMPARISON OF DRIFT APICES
F G K

Al 9100 90?0 91?1 90?7 9000 9209 9101 91?5 9600

D l -7 0 5 -1 0 ?8 - 8 ? 9 -5 ? 1 -8 0 9 -1 0 0 3 -3 0 9 - 8 ? # -1 0 0 8

hWi 1 .6 9 2 1 .5 7 6 l . # P 1 .5 3 9 1 .6 1 5 1 .5 6 4 1 .4 4 6 1 .3 8 5 1 .3 8 5

&2 32202 521?7 5 0 i ? o 28804 28605 27305 29502 25600 26508

D2 -6 9 0 4 - 80?0 -6 5 ? 4 -7 7 07 -7 4 0 1 -7 1 0 0 -8 0 0 4 -7 1 06 -7 4 0 4

hWg 0 .6 6 1 0 .5 9 2 0 .7 3 5 0 .6 8 6 0 .6 9 4 0 .8 8 9 0 .5 9 5 0 .8 7 4 0 .7 7 0
( a ) (b ) ( c )  ( a )  

TABLE XXIV

(b ) ( o ) ( a ) ( b ) ( c )

COMPARISON OF VERTICES AND SOLAR MOTION -FROM DRIFTS

Gv 24405 34708 34806 34002 54300 34107 34006 34300 34204

Sv + 208 + 105 -  102 -  102 -  001 -  200 -  104 + 206 -  304

n 1 .3 T 8 1 .6 3 9 2 .0 7 5 1 .7 5 6 1 .6 9 7 1 .9 1 2 1 • 606 1 .6 0 1 1 .6 3 8

Aq.. 26593 26803 266 • 0 26809 26806 27208 26905 27502 27708

Do
0 ,

+ 2 5 .6 +2204 +2801 +2902 +2505 +3704 +2503 +270» +4003

hUo, 0 .9 3 4 1 .0 4 7 0 .9 4 8 0 .8 1 7 0 .9 7 2 0 .8 8 3 0 .7 8 0 0 .8 0 8 0 .7 7 0

Nj^jt i .1 7 3 1 .7 8 1 1 .2 2 1 .0 3 8 1 .4 7 3 1 .1 8 1 .0 8 0 1 .3 9 8 1 .0 2

TABLE XXV

COMPARISON OF ELLIPSOIDAL CONSTANTS AND SOLAR MOTION

Gv 34801 34508 34296 34201  34200 34003 33708 5 5 5 °6

gv -  600 -  607 + 006
® ,

-  0 , 4 -  5?1
k / h 0 .5 5 0 .6 7 6 0 .5 7 4 0 .5 6  0 .5 5 4 0 ,6 5 0 .6 0 6 0 .6 7

Aq 26600 26605 26305 269°927102 27203
0 ,

2 7 5 .4
0

2 7 7 .6

Do. +2302 +1908 +2803 +3106 +3009 +3108
, 0 

+ 2 4 .2
0

+3 1 .2

hUo 1 .0 5 1 .0 5 6 0 .9 2 0 .8 9  0 .9 5 0 0 .8 2 0 .8 3 1 0 ,6 6

CaJ C/JFs - ’Buian'r Sr/?/i3

UÙ Cj9F/r -
60 6 . e.



in  the r ig h t  a scen sio n  o f the D r if t  I I  apex from types F to  K 

th a t i s  on ly  s l i g h t l y  ev id en t fo r  the b r ig h t s t a r s .  T h u s,tak in g  

the b r ig h t and the f a in t  s ta r s  s e p a r a te ly , v a r ia t io n s  w ith  

s p e c tr a l type in  the p o s it io n s  of the d r i f t  a p ice s  and th e ir  

v e l o c i t i e s  cannot be f u l l y  e s ta b lis h e d  because \o f the.m agnitudes  

o f the variou s e r r o r s . The above r e f e r  to  régu la#  v a r ia t io n s .

For the G,C, -  for  the same sp e c tr a l groups-, 

four regu lar  v a r ia t io n s  can be tra ced  and one ir r e g u la r  

v a r ia t io n , they  are th a t , as s p e c tr a l type changes from F to  Kt- 

; ( i )  the R.A, o f D r if t  I in c r e a s e s ,

( i i )  the D r if t  I v e lo c ity  d ecr ea se s ,

' ( i i i )  th e R.A. o f D r if t  I I  d ecr ee a ses ,

( iv )  the d e c lin a t io n  o f  D r if t  I I  d ecrea^ ses, and

(v ) the D rift; II  v e lo c i t y  in c r e a se s  and then

d ecreh ^ ses .J

A.S remarked above the Cape r e s u l t s  are 

apparently  id e n t ic a l  fo r  each volume. The d e f in i t iv e  a p ices  

were th e re fo re  c a lc u la te d  fo r  each o f the sp e c tr a l.g r o u p s  F^G and 

K by combining the p a ir s  o f v a lu es w eighted according to  thenr  

probable errors*  The v a lu es  so obtained  are g iv eh  in  Table XXIII

TABLE XXIII

■ ■ F̂  G . K. , -F, . G K

90°  .6  9 0 ° .  5 9 1 ° .  5 Ag 3 2 2 ° .1  2 8 7 ° .8  27 j^° .6

D i - 8 ° . 6  - 6 ° . 8  -6 ° < 0  . D2 - 7 0 ° . 8  - 76° . 8  - 7 7 ° . 8

. ■ hWi 1 .6 5 0  1 .5 6 5 :  1 .4 2 3  hW2 0 .6 4 2  0 .6 9 1  0 .6 0 2



% From t h è s e  v a l u e s  i t  i s  e v i d e n t  t h a t  most o f  t h e  ■

v a r i a t i o n s  fo u n d  f o r  th e .G .G ^  a r e  r e p e a t e d  f o r  t h e  Cape m o t i o n s .

The e x c e p t i o n  i s  t h a t  t h e r e , i s  no e v id e h c e  o f  any  d e f i n i t e  

v a r i a t i o n  i n  t h e  R .A , o f  t h e  D r i f t  I  a p e x .  The v a r i a t i o n : i n  t h e  

d e c l i n a t i o n  o f  t h e  D r i f t  I a p ex  i s  t o o  i n d e f i n i t e  t o  be r e g a r d e d  

a s  s i g n i f i c a n t .  The v a r i a t i o n  i n  hW2 f o l l o w s  t h a t  o f  t h e  G .C . 

e x a c t l y .  No i n f o r m a t i o n  c a n  be g a t h e r e d  a b o u t  t h e  v a r i a t i o n s  

o f  t h e s e  e l e m e n t s  w i t h  g a l a c t i c ,  l a t i t u d e  fo u n d  ,by  T a n n a h i l l ,

I n  Tab l e  XXlÆ th e  p o s i t i o n s  o f  t h e  v e r t e x  and  

t h e  s o l a r  a p e x  d e r i v e d  f ro m  t h e  d r i f t  a n a l y s i s  a r e  com pared  w i t h  

t h o s e  f ro m  t h e , b r i g h t  s t a r s  and  from  t h e  G .C , A g a in  i t  i s  e v i d e n t  

t h a t  t h e  b r i g h t  s t a r s  and  th e  f a i n t  d t a r s  g iv e  i d e n t i c a l  r e s u l t s  

f o r  t h e  v e r t e x  , / a l t h o u g h  f o r . t h e :  F; s t a r s  t h e r e  i s  a  l a r g e  

d i f f e r e n c e  b e tw e e n  t h e  v a l u e s  of;;-^  . The p o s i t i o n s  a l s o  a g re e

w e l l  w i t h  t h o s e  fro m  t h e  G .C , and  a  d e v i a t i o n  o f  t h e  v e r t e x  o f
. ' V ■ ' ' . , ' ' ' '

some 20 ' m a g n i tu d e  i s  p r e s e n t .  A ga in  t h e  v e l o c i t i e s  v a r y  w i t h

s p e c t r a l  c l a s s . b e i n g  g r e a t e r  f o r  t h e  F s t a r s  t h a n  f o r  t h e  K s t a r s .

I t  i s  a l s o  a p p a r e n t  t h a t  t h e  l o n g i t u d e  o f  t h e  v e r te sc  i s  g r e a t e r

f o r  t h e  F ty p e  s t a r s  t h a n  f o r  t h e  l a t e r  ty p e  s t a r s ,  t h u s  c o n f i r m in g

p r e v i o u s  r e s u l t s

The g r e a t e s t  v a r i a t i o n  e v i d e n t  i n  T a b le  XXIV i s

i n  th e  v a l u e s  o f  t h e  d r i f t  r a t i o s  t o  N2: . I n  e v e r y  c a s e

t h e  v a l u e s  f o r  t h e  f a i n t  s t a r s  a r e  much g r e a t e r  t h a n  f o r  t h e

b r i g h t  s t a r s  o r  f o r  t h e  G . C . O t h e r w i s e  t h e i r  v a r i a t i o n  w i t h

s p e c t r a l  c l a s s  p a r a l l e l s  t h o s e  f o r  t h e  b r i g h t  s t a r s  and  f o r  t h e
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G .C .T h e ,  h i g h  V a lu e s  f o o r  t h e  f a i n t  s t a r s  h e r e  fo u n d  a r e  

p r o b a b l y  s p u r i o u s ,  b e i n g  a  r e s u l t  o f  : t h e  u n c e r t a i n t i e s  i n  t h e  

a n a l y s e s ^ e s p e c i à l l y  i n  t h e  d e t e r m i n a t i o n s  o f  D r i f t  I I .  I t  was 

a t  f i r s t  f e a r e d  t h a t  t h e s e  h ig h  v a l u e s  m ig h t  have  a  v i t i a t i n g  e f f e c t  

on t h e . d e t e r m n i a t i o n s  o f  t h e  e le m e n t s  o f  t h e  s o l a r  m o t io n .  T h a t  

s u c h  i s  h o t  t h e  c a s e  i s  e v i d e n t  f rom  t h e  e x c e l l e n t  a g re e m e n t  

b e tw e e n  th e  d e t e r m i n a t i o n s  o f . th e  l a t t e r  f ro m  t h e  d r i f t  a n a l y s e s !  

and t h o s e  f rom  t h e  e l l i p s o i d a l  a n a l y s e s .

I n  t h e  c a s e  o f  t h e  s o l a r  m o t io n  t h é  Cape r e s u l t s  

a r e  a g a i n  i n  a g r e e m e n t .  I t  w i l i  be s e e n  t h a t  t h e  low  d e c l i n a t i o n  

o f  t h e  so& ar apex, s t i l l  o b t a i n s  f o r  th e  f a i n t  s t a r s , b u t  t h e  

r e s u l t s  o f  t h e  a n a l y s e s  by t h e  e l l i p s o i d a l  t h e o r y  show t h a t  

t h e  p r o b a b l e  e r r o r s  of: t h e s e ;  d e c l i n a t i o n s ,  a r e  o f  th #  o r d e r  

o f  3 , I n  a l l  c a s e s  t h e  v a l u e s  o f  t h e  d e c l i n a t i o n  a r e  much lo w e r

0L; t h o s e  f ro m  t h e  G .C . The t h r e e  s e t s  o f  r e s u l t s  f o r  t h e  R .A . 

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

c l a s s  a r e  w e l l  m ark e d , the . R .A , i n c r e a s i n g g  s t e a d i l y  fro m  ty p e  

F, t p  ty p e  K. /T h i s  v a r i a t i o n  i s  e x te n d e d  by T a n n a h i l l » s .  v a lu e  . 

o f  264 .o  f o r  t h e  A s t a r s * ; A s te a d y  v a r i a t i o n  i s  a l s o  s e e n  i n  t h e  

s p e e d  o f  t h e  sUn r e l a t i v e ,  t o  t h é  c e n t r e s  o f  r e s t  o f  t h e  v a r i o u s  

g r o u p s , i t  b e in g  much h i g h e r  f o r  t h e  F ty p e  s ÿ a r s  t h a n  f o r  t h e  

K t y p e s . : I n  t h i s  l a t t e r  r e s p e c t  i t  i s  i n t e r e s t i n g  t o  n o t e  t h q t  

t h e  v e l o c i t i e s  fo u n d  f ro m  t h e  f a i n t  s t a r s  a r e  i n  é v e r y  c a s e  

g r e a t e r  t h a n  t h o s e  f ro m  t h e  b r i g h t  s t a r s  and  f ro m  t h e  G .C , ,  T h is  

i s  c o n f i rm e d  by  th é  r e s u l t s  o f  t h e  e l l i p s o i d a l  a n a l y s i s .  T h is  ' .
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may w e l l  be a  r e s u l t  o f  t h e  g r e a t e r  d i s t a n c e s  o f  th e  f a i n t  s t ^ r s .

F i n a l l y ,  t h e  r e s u l t s  o f  th e  a n a l y s e s  by t h e  

e l l i p s o i d a l  t h o r y  a r e  co m p ared ,  i n  T a b le  XXV, w i t h  t h o s e  f ro m  

J a c k s o n ' s  a n a l y s i s  o f  t h e  b r i g h t  s t a r s C j f )  and  D e l h a y e 's  a n a l y s i s  

o f  t h e  G .C , ( ^ )  • I t  m ust be n o t e d  t h a t  i n  h i s  a n a l y s i s  o f  t h e  

G .C . D e lh ay e  u s e d  som ewhat d i f f e r e n t  s p e c t r a l  g r o u p s  -  h i s  

b e in g  Bg -  Aÿ , Fo -  F 9 and  K o '-  Kg -  and  f u r t h e r  d i v i d e d  h i s .  

g ro u p s  i n t o  r e g i b n s  o f  h i g h  and low g a l a c t i c  l a t i t u d e ,  The 

f i g u r e s  g i v e n  h e r e  a r e  t h u s  a p p ro x im a te  m eans o f  h i s  r e s u l t s .

As w a s \ t h e  c a s e  w i t h  t h e  d r i f t  a n a l y s e s ,  t h e  

two vo lu m es  o f  t h e  0 %pe p r o p e r  m o t io n s  g iv e  a lm o s t  i d e n t i c a l  

r e s u l t s  bothac f o r  t h e  d i r e c t i o n  o f  th e  m a jo r  a x i s  o f  t h e  v e l o c i t y  

e l l i p s o i d  and  f o r  t h e  s o l a r  m o t io n .  T h e re  i s  a  s l i g h t  s u g g e s t i o n  

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

l e s s  f o r  t h e  f a i n t e r  s t a r s  b u t  t h e  e v id e n c e  i s  m ost u n c e r t a i n .

The d e c r e a s e  i n  t h e  l o n g i t u d e  o f  t h e  m a jo r  a x i s  w i t h  s p e c t r a l  

c l a s s  i s  w e l l  m arked  © much more so  t h a n  v;as t h e  c a s e  f o r  t h e  

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

a lm o s t ,  e x a c t l y  t h o s e  f o r  t h e  d r i f t  a n a l y s i s . A g a i n  t h e  f a i n t  s t a r s  

y i e l d  h i g h e r  v e l o c i t i e s .

I t  c%nhow be d e te r m in e d  t o  w hat e x t e n t  t h e  a im s 

o f  t h e  i n v e s t i g a t i o n  nave  b e e n  a c c o m p l i s h e d .

F i r s t , t h e  low d e c l i n a t i o n  o f  t h e  s o l a r  a p e x  fo u n d  f o r  

t h e  b r i g h t  s t a r s .  From t h e  above, i t  i s  s e e n  t h a t  a l t h o u g h  t h e  

d e c l i n a t i o n s  fo u n d  a r e  s t i l l  lo w ; t h e y  a r e  a c c o m p a n ie d  b y  q u i t e



l a r g e  p r o b a b l e  e r r o r s  -  o f  t h e  O.Vder o f  3 , The s i g n i f i c a n c e  o f  

t h e  low  d e c l i n a t i o n  i s  t h u s  d i m i n i s h e d .  A l th o u g h  a  v i s i o n  o f  

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

f o r  t h e  s y s t e m a t i c  m o t io n s  o f  t h e  r e f e r e n c e  s t a r s  m ig h t  im prove  

t h e  d e t e r m i n a t i o n ,  a s  th e  d r i f t  a p i c e s  a g r e e  w e l l  w i t h  t h o s e  

from  t h e  G ,C , ,  i t  a p p e a r s  t h a t  any  s u c h  c o r r e c t i o n s  w i l l  

n e c e s s a r i l y  be s m a l l .

The s e c o n d  aim was t h e  d e t e r m i n a t i o n  o f  any  

m a g n i tu d e  e f f e c t s  b e tw e e n  th e  two vo lum es o f  th e  Cape c a t a l o g u e ,  

Pnom t h e  a n a l y s e s  o n ly  t h r e e  d i f f e r n c e s  a r e  f o u n d .  F i r s t l y  t h e r e  

w e n e th e  v e r y  h i g h  v a l u e s  fo u n d  f o r  t h e  r a t i o  o f  t o  Ng , As 

t h e  e r r o r s ,  o f  t h e s e  d e t e r m i n a t i o n s  a r e  u n k n o w n , t h e i r  s i g n i f i c a n c e  

c a n n o t  be . ^ e s t a b l i s h e d , b u t  i t  seem s l i k e l y  t h a t  t h e s e  e x tre m e  

v a l u e s  a r e  m o s t ly  s p u r i o u s .  S e c o n d ly  t h e r e  w m  t h e  h i g h e r  v a l u e s  

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

The t h i r d  d i f f e r e n c e  was t h a t  f o r  th e  m a jo r  a x i s  o f  t h e  v e l o c i t y  

e l l i p s o i d ,  t h e  l o n g i t u d e  was l e s s  st f o r  t h e  f a i n t  s t a r s  i n  a l l  

c a s e s .  Of t h e s e  two d i f f e r e n c e s , t h e  f i r s t  a p p e a r s  t o  be t h e  o n ly  

one o f  s i g n i f i c a n c e  and  may w e l l  be a  r e s u l t  o f  th e  g r e a t e r ,  

d i s t a n c e s  o f  t h e  f a i n t  s t a r s .  The v e r t e x  d i f f e r e n c e  i s  t o o  

n e b u lo u s  t o  be e v a l u a t e d  and  i s  n o t  s u p p o r t e d  by th e  r e s u l t s  

o f  t h e  d r i f t  a n a l y s i s .  When th e  p r o b a b le  e r r o r s  a r e  c o n s i d e r e d  

i t  i s  e v e n  more u n l i k e l y  t h a t  t h i s  d i f f e r e n c e  i s  s i g n i f i c a n t .  T h e te  

i s  c e r t a i n l y  no e v id e n c e  a t  a l l  t h a t  t h e  d e v i a t i o n  o f  t h e  v e r t e x  

d i s a p p e a r s  f o r  t h é  f a i n t  s t a r s , a s  h a s  b e e n  s u g g e s t e d  by some 

a u t h o r s ,
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The t h i r d . a i m  o f  t h e  i n v e s t i g a t i o n  h a s ,  h o w ev er ,  

b e e n  f u l l y  a c h i e v e d ,  th e  v a r i a t i o n s  w i t h  s p e c t r a l  c l a s s  n o te d  

by Sm art and  T a n n a h i l l  h a v in g  b e en  c o n f i r m e d  and  e x te n d e d  t o  

c o n f i r m  t h o s e  fo u n d  by  T a n n a h i l l  from  h i s  a n a l y s i s  o f  t h e  G .C ,

' The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  have  b e e n  

com m un ica ted  t o  th e  R oya l A s tro n o m ic a l ,  S o c i e t y  and  have  b e e n  

p u b l i s h e d  i n  t h e  M on th ly  N o t i c e s  t h e r e o f ,  (]^) • A copy  o f  th e  

p a p e r  i d  i n c l u d e d  i n  t h e  a p p e n d ix .  I t  i S : t o  be m e n t io n e d  h e r e  

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

g i v e n  above  w ere n o t  a l l  g iv e n  i n  t h e  p a p e r  r e f e r r e d  t o  a b o v e ,  

t h a t  by T a n n a h i l l  w h ich  h a s  b e e n  r e f e r r e d  t o  i n  t h i s  c h a p t e r  

n o t ; h a v i n g  t h e n  b e e n  a v a i l a b l e .
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CHAPTER V . ' :

THE CAPE PHOTOGRAPHIC CATALOGUES, ZONES - 3 o "  t o  - 3 5 "  AND - 3 5 " : t o  -4 o ' 

AND THE ANALYSES OF THE PROPER MOTIONS THEREOF, ■. - ,  '

/ I .  ' '■ ' ; , . - : ' ; ' '
The Gape P h o to g r a p h ic  Z one- C a t a l o g u e s ,  when

c o m p le te d ,  w i l l  c o v e r  t h e  s o u t h e r n  sk y  s o u t h  o f  d e c l i n a t i o n  - 3 0 * ,

and  a r e  i n t e n d e d  t o  g iv e  a c c u r a t e  p l a c e s , o f  s t a n d a r d  s t  a r s  f o r

u s e  i n  t h e  r e d u c t i o n  o f  t h e  A s t r o g r a p h ic  C a ta lo g u e s  a s  w e l l  a s

t h e  p r o p e r  m oÿions o f  t h e  s t a r s .  To d a t e ,  t h e  c a t a l o g u e  f o r  t h e

Q ' ' O
f i r s t  z o n e , -3,0 t o  -3 5  » h a s  b e e n  p u b l i s h e d  and  d i s t r i b u t e d  and 

t h a t  f o r  t h e  s e c o n d  z o n e ,  -3 5 ^  t o  - 4 0 * ,  i s  t o  be p u b l i s h e d  s h o r t l y .  

The - 4 0  t o  -5 2 *  zone i s , o f  c o u r s e , c o v e r e d  by  t h e  Gape A s t r o g r a p h i c  

Zone C a t a l o g u e s ,  . -

; I n  t h i s  c h a p t e r  t h e  p r o p e r  m o t io n s  o f  t h e  s t a r s

i n  t h e  f i r s t  two Ozones a r e  a n a l y s e d ,  b o t h  on  th e  t w o - d r i f t  and  

on t h e  e l l i p s o i d a l  t h e o r i e s .  The d i s t r i b u t i o n  c o u n t s  o f  th e  

; p r o p e r  m o tio n s ;  i n  p o s i t i o n  a n g le  w ere  p r e p a r e d  f o r  me by  M r, ■ .

J , v ,B ,L o u r e i i s  o f  t h e  R o y a l  O b s e r v a to r y ,  Cape o f  Good H op e , from  

t h e  m a n u s c r i p t s  o f  t h e  c a t a l o g u e s ,  ;

I t  h ad  o r i g i n a l l y  b e e n  hoped  t h a t ,  i t ,  w ou ld  be 

p o s s i b l e  t o  com bine t h e  a n a l y s e s  o f  t h e s e  z o n e s  w i th  t h o s e  o f  

t h e  , A s i t ro g ra p h ic ;  Z o n e ,t h e r e b y  im p ro v in g  t h e  d e t e r m i n a t i o n s  o f  

h t e  C o n s t a n t s  o f  s t a r - s t r e a m i n g , ' b u t  t h i s  p l a n  had  t o  be a b a n d o n n e d ,  

s i n c e  ( a )  t h e  C ,P > Z , . / c a ta lo g u e s  a r e  a l r e a d y  r e d u c e d  t o  t h d  s y s te m  

o f  a n d , ( b ) t h e  r e d u c t i o n  o f  th e  C .A .Z ,  m o t io n s  t o  t h e  FK^
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s y s te m  h a d  p ro v e d  u n s a t i s f a c t o r y .  I n  cornseq u e n e e ,  t h e  G .P .Z .  

p r o p e r  m o t io n s  were t r e a t e d  i n d e p e n d e n t l y  t o  d e te r m i n e  t h e  c o n s t a n t s  

o f  s t a r - s t r e a m i n g  f o r  t h e  p u rp o s e  o f  c o m p a r in g  them  w i t h  t h o s e  

f ro m  th e  G .A .Z . p r o p e r  m o t i o n s .  T h is  c o m p a r is o n  i s  o f  some 

i n t e r e s t  a s ,  w h e re a s  t h e  C .A .Z ,  m o tio n s  w efe  d e te r m in e d  by 

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

b e i n g  s u p e r im p o s e d  and  t h e  p r o p e r  m o tio n s  d e r i v e d  f ro m  t h e  

m e a su re d  d i s p l a c e m e n t s ,  f o r  th e  C .P .Z .  m o t io n s  t h e y  were fo u n d  

by  o t h e r  m e th o d s ,  and  i n d e e d ,  m ig h t  be  c a l l e d  'P h o t o g r a p h i c  

M e r id ia n  P ro p e r ,  M o t i o n s ' , b e i n g  d e te r m in e d  a s  f o l l o w s ,

E ach  p h o t o g r a p h i c  p l a t e  u s e d  i n  t h e  c o m p i l a t i o n  

o f  t h e  C .P .Z .  c a t a l o g u e s  was e x p o se d  when t h e  r e g i o n  r e c o r d e d  

t h e r e o n  wqs n e a r  t h e  m e r i d i a n .  The s t a r s  t o  be m e a su re d  w ere
! O O

t h e n  s e l e c t e d ,  i n  t h e  c a s e  o f  t h e , - 3 0  t o  -3 5  z o n e ,  f ro m  t h e  

C ordob a  "B "  and  "C" c a t a l o g u e s ,  t h e s e  b e in g  v i s u a l  m e r i d i a n  E a t  

c a t a l o g u e s .  T h e i r  C ordo ba  p o s i t i o n s  w ere t h e n  r e d u c e d  t o  Wte 

e p o c h  1 9 5 0 * 0 ,u s i n g  th e  c a t a l o g u e  p r e c e s s i o n s  c o r r e c t e d  t o  

Newçomtie's s y s t e m .  From t h e s e  p o s i t i o n s ,  t h e i r  s t a n d a r d  

c o - o r d i n a t e s  w ere c a l c u l a t e d  and  t h e  d i f f e r e n c e  b e tw e e n  t h e s e  and 

t h e i r  m e a su re d  d a x  c o - o r d i n a t e s  d e r i v e d .  T h ese  d i f f e r e n c e s  

w ere  t h e n  a n a l y s e d  and  c o r r e c t i o n s  d e r i v e d  t o  be, a p p l i e d  t o  

t h e  m e a su re d  p o s i t i o n s .  N ext th e  r e s i d u a l s  Cape -  C o rdob a  w ere 

fo rm ed  and  a n a l y s e d  f o r  e r r o r s  d e p e n d in g  on p o s i t i o n .  From th e  

r e s u l t s  o f  t h i s  a n a l y s i s  c o r r e c t i o n s  w3Ve e v a l u a t e d  and  a p p l i e d  

t o  t h e  r e s i d u a l s  g i v i n g  t h e  p r o p e r  m o t io n s  i n  t h e  i n t e r v a l  -
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a lm o s t  35 y e a r s  -  an d .w h en  ad d ed  t o  th e  C o rd o b a  p o s i t i o n ,  t h e  

o b s e r v e d  p o s i t i o n .  The p r o p e r  m o tio n s  a r e  t h u s  h a l f  d e r i v e d  

f ro m  v i s u a l  o b s e r v a t i o n s  and  h a l f  f rom  p h o t o g r a p h i c  m e a s u r e s .

The p r o p e r  m o t io n s  w ere t h e n  r e d u c e d  t o  t h e  

FK3 s y s te m  by  a p p l y i n g  t h e  c o r r e c t i o n l -

( G . C .  -  Cape 1 9 2 5 )  -  ( G . C .  -  C o r d o b a ) + i .  100 ^ ^ ( f Kj -  G.C J

t h e  r e f e r e n c e  s t a r s  h a v in g  b e e n  o b s e rv e d  on t h e  s y s te m  o f  th e  

' F i r s t  Cape C a ta lo g u e  f o r  1 9 2 5 . 0 ' .

As, at the time of w r it in g ,  thé cata logue of the 

-3 5 *  to -4 o *  zone has not been published i t s  exact co n stru c t io n  

i s  not known, except from inform ation  rd ce ived  in  p r iv a te  l e t t e r s  

from M r.L ourens, from which the fo l lo w in g  q u ota tions ere taken.

.Abolit 20 p e r  c e n t ,  o f  th e  s t a r s  

( i n  t h e  - 3 5 °  t o  -4 0 *  z o n e )  a r e  w i t h o u t  p r o p e r  m o t io n s  s i n c e  

f o r  t h e  zone  - 3 7 °  t o  -4 0 *  e a r l i e r  m e r i d i a n  c a t a l o g u e s  o f  

p r e c i s i o n  c o n t a i n  o n ly  a  l i m i t e d  number o f  s t a r s  and  we h ad  

t o  s u p p l y  " e x t r a  s t a r s "  m a in ly  f rom  t h e  C.P.D. w here  p o s i t i o n s  

a r e  n o t  p r e c i s e  enough  f o r  P.M. d e t e r m i n a t i o n s "

( 13 A p r i l  1954)

" A c c i d e n t a l  e r r o r s  o f  P.M. a r e  e x p e c t e d  t o  

be h i g h e r  f o r  t h e  -3 0 *  t o  - 3 5 °  zone w here  o n ly  one s o u r c e  was 

u s e d  f o r  t h e  f i r s t  ep o ch  o f  th e  p r o p e r  m o t i o n s .  I n  t h e  - 3 5 °  t o  -40*  

zone w here  more t h a n  one i n i t i a l  s o u r c e w h e r e  a v a i l a b l e , was 

u s e d . f o r  t h e  d e t e r m i n a t i o n  o r  th e  p r o p e r  m o t io n s

' , ( 9  Decem ber 195 4 )
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The s e c o n d  c a t a l o g u e  t h u s  a p p e a r s  t o  have  b e e n

c o n s t r u c t e d ,  i n  b a s i c a l l y  th e ,  same m anner a s  t h e  f i r s t  c a t a l o g u e ,

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

F o r  t h e  f i r s t  c a t a l o g u e  t h e  p r o b a b le  e r r o r  o f  a  P.M . in ,  R .A .

o r  D ec , i s  g i v e n  a s  h a v in g  a  maximum v a l u e  o f  0 " . 0 1 4 .

2 .  ■ . ■ ; ; . ; ■ , '
: The f i r s t  m a t e r i a l , r e c e i v e d  from  t h e  Cape

c o n s is te d  of, the d is t r ib u t io n  counts fo r  the -30* to  -33* zone.

T hese  w ere  p r e p a r e d  f o r  e a c h  o f  f i v e  q e c t r a l  g ro u p s  Bg -  A^ ,

Ag -  F g -, ^8  "* ^ 3  * ko -  M and  u n c l a s s i f i e d ,  f o r  f i v e  m a g n i tu d e

g ro u p s  a s  w i t h  t h e  a s t r o g r a p h i c  zone f o r  e a c h  h a l f  h o u r  o f  R .A ,

T h is  g r o u p in g  was s e l e c t e d  t o  be p a r a l l e l  t p  th e  a s t r o g r a p h i c

zone, being choosen before i t  was known th a t  i t  would not be

p o s s i b l e  t o  com bine th e  p h o t o g r a p h i c  and  t h e  a s t r o g r a p h i s  z o n e s .

S t a r s  o m i t t e d  i n  fo rm in g  th e . c o u n ts  were ( a )  s t a r s  o f  s p e c t r a l

t y p e s  e a r l i e r  t h a n  B m ( ^ ) s t a r s  b r i g h t e r  t h a n  m a g n i tu d e  9 , 0  a s

exp la in ed  above,. (c )  v a r ia b le  s ta r s  w ith  a large  range of

v a r ia t io n  and (d) a few c lo se  doubles of in d e f i n i t e  ca teg o ry .

A f t e r  t h e s e  o m i s s i o n s ,  t o t a l l i n g  331» 12, 313 s t a r s  r e m a in e d

f o r  a n a l y s i s .  T hese  c o u n ts  w ere  p r e p a r e d  b y  M r. L o u r è n s , S c a t t e r

d ia g ra m s  w ere  n o t  p r e p a r e d ,  b u t  f o r  e v e r y  s t a r ,  th e  p o s i t i o n

Boagle w as e n t e r e d  b e s i d e  i t  i n  th e  c a t a l o g u e  and  t h e n  t h e  c o u n ts

w ere fo r m e d .  The d i s t r i b u t s â n  o f  t h e s e  s t a r s  by  s p e c t r a l  g ro u p

and  r i g h t  a s c e n s i o n  i s  g f v ë n  i n  T a b le  I .

I t  was decided to  perform the f i r s t  a h a ly s is  

on the tw Q -drift  theory and to use a l l  the m a te r ia l ,  in c lu d in g  /
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956 s t a r s  o f  u n c l a s s i f i e d . s p e c t r a *  From t h e  c o l o u r  i n d i c e s  o f  

t h e  l a t t e r  ^ o ^ ^ g a s  fo u n d  t h a t  t h e i r  p r o b a b l e  d i s t r i b u t i o n  was

■ H  .

1.9 p e r c e n t  ♦

A5 - '5 16.5 tï n

% - s 2 2 .6 " !!

Ko -  M . 59.8 " It

. F o r  t h e  a n a l y s i s , th e :  zone was d i v i d e d  i n t o ' ; 

t h e  16 r e g i o n s  g i v e n  i n  t a b l e  I , ,  e a c h  r e g i o n  b e i n g  o f  h a l f  an 

h o u r  and  a  h a l f ' s  w id th  i n  R .A . and  5 i n  d e c l i n a t i o n .  The 

d i s t r i b u t i & n  c u r v e s  were' t h e n  draw n and  a n a l y s e d  by E d d i n g t o n 's  

" T r i a l  and  E r r o r "  m a th o d .  Im m e d ia te ly  n o t i c e a b l e  was t h e  i r r e g u l a r i t y  

o r  l a c k  o f  s m o o th n e s s  o f  t h e  c u rv e s *  F o r  r e g i o n s  6 -  1 1 , i t  was 

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

t h e  o b s e r v e d  c u r v e s .  T h is  p a r t  o f  t h e  z o n e , f ro m  r i g h t  a s c e n s i o n  

7 3 0  t o  16 30  c o r r e s p o n d s  r o u g h ly  t o  t h a t  p a r t  o f  t h e  zone

n o r t h  o f  th e  g a l a c t i c  e q u a t o r .  F o r  th e  o t h e r  s a n s s  r e g i o n s  th e  f i t  

was l e s s  p e r f e c t  and  t h e r e  wasi^a t r e n d  f o r  t h e  f i t  t o  d e c r e a s e  i n  

e x a c t n e s s  th e  f u r t h e r  th e  r e g i o n  was f ro m  t h e  m id d le  o f  th e  

above  m e n t io n e d  a r e a  -  i . e .  t h e  q u a l i t y  o f  t h e  a n a l y s e s  d im i n i s h e d  . 

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

a r e  shown i n  F i g u r e s  I  La SKX.and I I . ;

The p r i n c i p a l  f e a t u r e s  o f  t h e s e  c u r v e s  a r e  t  

t h e  b r e a d t h  o f  t h e  maxima -  t h a t  i s , t h e  b r e a d t h  o f  D r i f t  I  i n  

p r a c t i c e  -  an d  t h e  h ig h  m in im a . I n  o t h e r  w o rd s ,  t h e r e  i s  a  

c o n s i d e r a b l e  'b a c k g r o u n d '  o f  s t a r s  -  a  more d e s c r i p t i v e  t e rm  

b e i n g , ' n o i s e  l e v e l ' .  The b r e a d t h  o f  t h e  maxima had  t h e  e f f e c t
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o f  l o w e r i n g  t h e  D r i f t  I  v e l o c i t y  a n d , t h e  h i g h  * n o i s e  l e v e l *  

l o w e r s  t h e  D r i f t  Ï I  v e l o c i t y  and a l s o  r e n d e r s  t h e  p o s i t i o n  

o f  t h e  D r i f t  I I  maximum i n i e t e r m i n a t e .  I n  a l l  t h e s e  f i g u r e s  . 

t h e  o r d i n a t e  i s  t h r i c e  t h e  number o f  s t a r s  and  t h e  a b s c i s s a e  

t h e  p o s i t i o n  a n g l e s .  C o n t r a r y  t o  t h e  c a s e  o f  D r i f t  I I , t h e  

D r i f t  I  p o s i t i o n ,  a n g le  i s  u s u a l l y  w e l l  d e f i n e d  a l t h o u g h  f o r  

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

e s p e c i a l l y  r e g i o n s  3 and  1 3 ,  I n i a l l  t h e  a n a l y s e s , t h e  s o l e  

a im  was t o  o b t a i n  t h e  b e s t  p o s s i b l e  f i t ,  e v e n  th o u g h  t h e  

c o n s t a n t s  t h u s  o b t a i n e d  weve c o m p le t e ly  a n o m a lo u s  i n  c o m p a r is o n  

t o  t h e i r  n o rm a l  r u n .  No g u id e  t o  th e  p r o b a b l e - v a l u e s ,  d e r i v e d  

fro m  a d j a c e n t l r e g i o h s .  was u s e d .  -The; r e s u l t s  o f  t h e  c o m p le te  

a n a l y s i s  f o r  e a c h  r e g i o n  a r e  g i v e n  i n  T a b le  I I  and  t h e  d e r i v e d  

p o s i t i o n s  o f  t h e  D r i f t  a p i c e s  i n  T a b le  I I I .

T h re e  s o l u t i o n s  f o r  t h e  d r i f t  a p i c e s  were m ade, < 

The f i r s t  was f b r ;  r e g i o n s  4 t o  1 1 ,  i n c l u s i v e . ,  t h e '  s e c o n d  f o r  

r e g i o n s  12 t o  3 i n c l u s i v e  and  t h e  t h i r d  f o r  t h e  w hole  z o n e .  _

As was t o  be e x p e c te d  fro m  t h e  r e g i o n a l  a n a l y s e s ,  

t h e  s o l u t i o n s  f o r  th e  two h a l v e s  o f  th e  zone a r e  c o m p le t e ly  

d i s c o r d a n t  ? t h e  f i r s t  g ro u p  c o n s i s t i n g  o f  t h e  b e s t  r e g i o n s  ' 

f rom  t h e  p o i n t  o f  v iew  o f  t h e  f i t s  * and  t h e  s e c o n d  g ro u p  o f  

t h e  w o r s t .  The ; r e s u l t  . f o r  t h e  w hole  zone i s  i n  f a i r  a g re e m e n t  

w i t h  the . u s u a l  v a l u e s  f o r  p o s i t i o n s  ,vbut t h e  d r i f t  v e l o c i t i e s  . 

a r e  a b n o rm a l ly  l o w . - T h i s  l a t t e r  f e a t u r e  i s  t o  be e x p e c t e d ,  t h e  

v e l o c i t i e s  fo u n d  i n  the: a n a l y s e s  b e in g  lo w .  F u r t h e r ^  a s  th e
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zone l i e s  q u ite  near to  the D r if t  I apex and the so lar antapex  

l i e s  w ith in  the zo n e , the determ inations w i l l  be uncertain*

This a n a ly s is  having been completed, a second  

a n a ly s is  was now performed. The aim of t h i s  ana^sis was to  

ob ta in  b e t te r  f i t s ,  i f  p o s s ib le ,  for  the doubÿful curves and 

to  attempt to  ob ta in  b e t te r  agreement between the tvifo h a lves  

of the zone. As a guide in  t h i s  a n a ly s is ,  the p o s i t io n  angles

fo r  D r if t  I in  each reg ion  were c a lc u la te d  fo r  an assumed apex
; . . ■ - ■ ' s i x

at R.A. 90^» Dec. I n  a l l  i t  was found th a t  fo r  ±xxs.

reg ion s  a b e t te r  f i t  between the observed and the calculated'.

c u r v e s  c o u ld  be o b t a i n e d ,  t h e s e  r e g i o n s  b e in g  num bers 2 ,  4 ,  5»

1 1 ,  12 and 15 .T h e s e  reg ion s are m ostly in  the southern g a la c t ic

h e m is p h e r e ,  o n ly  r e g i o n s  5 and 11 h a v in g  any  e x t e n s i o n s  i n t o

the northern hemisphere.
That such changes should be posstole demonstrates

what i s ,  perhaps, a weakness in  the a n a ly s is  o f  the d is t r ib u t io n

of proper motions in  p o s i t io n  angle by the "Trial and Error"

method, Wamely,that when the d is tr ib u tu io n  curves are a f fe c te d

by i r  , r e g u la r i t ie s  i t  i s  sometimes p o s s ib l e , t o  ob ta in  two s e t s

of curves, w ith sometimes w idely  d i f f e r in g  c o n s ta n ts ,  which

g iv e  e q u a l l y  good f i t s  t o  t h e  o b s e r v e d  c u r v e ,  ene  t a k i n g

account of  a hump (od hollow ) that the. other does n o t ,  and

v ic e -v e r sa *  The s e l e c t io n  of the curve th a t  i s  to be accepted

i s  th u s ,a ,m a tte r  for  the in v e s t ig a to r s  p erson a l judgement of

the p a r t ic u la r  case and o f  the s ig n if ic a n c e  of any p art icu la r
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i r r e g u l a e i t y  i n  t h e  c u rv e  and  a l s o  on any  o t h e r  c r i t e r i a n s

t h a t  he may a p p ly *  One s u c h  c r i t e r i o n  u se d  i n  t h e s e  i n v e s t i g a t i o n s

h a s  b e e n  t h a t ,  i n  a l l  p o s s i b l e  c a s e s ,  t h e  t h e o r e t i c a l  c u rv e

s h o u l d  i n t e r s e c t  t h e  o b s e r v e d  c u rv e  a t  l e a s t  tw e lv e  t im e s*

A pos s i b l e  c r i t e r i o n  f o r  a c c e p t i n g  a  c u rv e

m ig h t  be t h a t  i t s  c o n s t a n t s  s h o u l d  f o l l o w  t h e  g e n e r a l  r u n  o f

t h o s e  i n  th e  a d j a c e n t  r e g i o n s ,  b u t  t h i s  d o e s  n o t , s e e m  t o  be

a  v a l i d  c r i t e r i o n  -  t h e r e ,  m ig h t  b e ,  f o r  exam ple  , some o t h e r

phenom enon a f f e c t i n g  th e  r e g i o n , a  n a t u r a l  c o n se q u e n c e  o f  w h ich

b e in g  a  d e p a r t u r e  f rom  t h e  * e x p e c te d  * c o n s t a n t s *  I t  a l s o

assu m es  t h a t  t h e r e  i s  no e r r o r  i n  t h e  * e x p e c t e d ' v a l u e s .

The c h a n g e s  made i n  th e  p r e s e n t  c a s e  a r e  shown

i n  T a b le  IV , 4  hVi i n d i c a t i n g  t h e  change made i n  hV| , e t c .

A f t e r ,  t h i s  r e - a n a l y s i s ^ t h e r e  s t i l l  r e m a in e d

two r e g i o n s  w here  np s a t i s f a c t o r y  f i t  c o u ld  be o b t a i n e d  and

a  num ber f o r  w h ic h  t h e  f i t  was v e r y  p o o r . Ht was t h e r e f o r e

d e c i d e d  t h a t , i n  d e r i v i n g  t h e  D r i f t  c o n s t a n t s , t h e  r e g i o n s

s h o u l d  be w e i g h te d .  T hese  w e ig h t s  w ere  a s s i g n e d  on th e  b a s i s

o f  t h e  f i t  b e tw e e n  th e  p b s e r v e d  and t h e  c a l c u l a t e d  c u r v e s .

I n - f a b l e  V t h e  d e t a i l s  o f  t h e  a n a l y s e s  f o r  e a c h  r e g i o n  and  

th e  w e ig h ts  a t t a c h e d  t o  e a c h  r e g i o n  a r e  g i v e n .  I n  T a b le  V I ,

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

t o g e t h e r  w i t h  t h e  e le m e n t s  o f  th e  v e r t e x  and  t h e  s o l a r  m o t io n .

I t  i s  a p p a r e n t  t h a t  'fcnere i s  l i t t l e  im p ro vem en t a s  a  r e s u l t

o f  t h e  r e - a n a l y s i s  o f  th e  z o n e .  The. mean p o s i t i o n  fro m  t h e

two s o l u t i o n s  a r e  Ag = 91° . 9 , Dg = - 4 ^ , 2  and  Aj.= 275*3 i D&= - 7 3 ° . 2  .
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16 1 0 . 4 130 : ' . 287 0 .6 260 326
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I t  i s  c l e a r l y  a p p a r e n t  f ro m  t h e  above  r e s u l t s  

t h a t  t h e  p r o p e r  m o t io n s  o f  th e  s t a r s  i n  t h e  -5 0  t o  -3 3  zone  ■ 

c a t a l o g u e e x h i b i t  m a r k e d ; d e p a r t u r e s  from  t h e  n o rm a l  d r i f t  s o l u t i o n s  * 

P e r h a p s  t h e  m ain  fe a tu re 5 û : îç e th e  v e ry  low v e l o c i t i e s  fo u n d  f o r  

t h e  d r i f t s , ^ b e i n g  b u t  h a l f  t h e  u s u a l  v a l u e s   ̂ T h is  d e p r e s s i o n  

o f  t h e  d r i f t  v e l o c i t i e s  e x p l a i n s  m ost of, t h e  o t h e r  d i f f e r e n c e s ,  

s i n c e  t h e  low  v e l o c i t i e s  fo u n d  i n  t h e  r e g i o n s  makes t h e  o t h e r  

d e t e r m i n a t i o n s ,  u n c e r t a i n .  A l th o u g h  t h e s e  r e s u l t s  w i t h  t h e i r  

v a r i a t i o n  o f  th e ,  d r i f t  a p i c e s  be i n d i c a t i v e  o f  a  r e a l

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

s t a r s  a r e  l i t t l e , i f , a t :  a i l ,  f a in jp e r  t h a n  t h o s e  o f  th e  F a i n t  

S t a r  volume of; t h e  Cape A s t r o g r a p h ic  Zone C a t a l o g u e s ,  w h ich  

gave  n o rm a l  d r i f t s  and  a p i c e s .  R a t h e r  i t  seem s t h a t  t h e  

e x p l a n a t i o n  may have  i t s  o r i g i n  i n  t h e  e f f e c t s  o f  a c c i d e n t a l  

e r r o r s  on t h e  s m a l l  p r o p e r  m o tio n s  Or e l s e  i n  t h e  m anner o f  

r e d u c t i o n  o f  t h e  o b s e r v a t i o n s  t o  th e  f i n a l  v a l u e s .  The h ig h  

'n o i s e  l e v e l *  d o e s  s u g g e s t  t h a t  e i t h e r  o f  t h e s e  two p o s s i b i l i t i e s  

m ig h t  be t h e  c a u s e . The e f f e c t  o f  t h e  A ty p e  s t a r s  w h i c h ,  

b e s i d e s  b e in g  u n e v e n ly  d i s t r i b u t e d  o v e r  t h e  zone, a r e ' p o s s i b l y  

more p r0 o n e  t o  t h e  e f f e c t s  o f  s m a l l  e r r o r s  m u s t ,  h o w e v e r ,  n o t  

be n e g l e c t e d .  I t  i s  o f  i n t e r e s t  t o  m e n t io n  heUG t h a t ,  i n  r e f e r r i n g  

t o  t h i s  zone D r .  J . J a c k s o n  , u n d e r  whose d i r e c t i o n  m ost o f  th e  

r e d u c t i o n  was p e r f o r m e d ,  s a y s  (1^) , ," The p r o p e r

m o t io n s  (o f  t h e  - 3 0 °  t o  - 3 3 ° ^ c n e ) w i l l  n o t  be, o f  t h e  h i g h e s t  

q u a l i t y f "
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3 . / .  "v  ' :  : : - ' ' . .  ' - ' . :
A s , th e  r e s u l t s  ,o f  : th e  a n a l y s i s  f o r  ALL s t a r s  

i n  t h e  - 3 0 °  t o  - 3 5 °  zone had p ro v e d  u n s a t i s f a c t o r y ,  i t  was 

d e c i d e d  t h a t , b e f o r e  an  a n a l y s i s  f o r  e a c h  s p e c t r a l  g ro u p  was 

p e r f o r m e d ,  t h e  above  zone w ould  be com bined  w i t h  t h e  -3 5  t o  

- 4 o  z o n e ,  t h e  d i s t r i b u t i o n ,  c o u n t s  f o r  w h ich  h a v in g  j u s t  b e e n  

,r e c e i v e d  from  Mr. L o u r e n s * T h is  was d e c id e d  b e c a u s e  i t  w ould  

y i e l d ,  g r e a t e r  num bers o f ,  s t a r s  p e r  r e g i o n ,  e s p e c i a l l y  in ;  th o s e /  , 

r e g i o n s  w h ich  h a d  é i v e n , t h e  w e a k e s t  a n a l y s e s  f o r  ALL s t a r s .

F u r th e rm o n e , t h e  l a r g e r  r e g i o n s  -  now o f  an  h o u r  and a  h a l f ' s  

w i d t h  i n ,  R .A . and  10  i n  d é c l i n â t i o n  -  w ou ld  p o s s i b l y  sm o o th  

o u t  t h e  i r r e g u l a r i t i e s  t o  some e x t e n t . I t  was f u r t h e r  d e c id e d  

t o  o m it  th e  A ty p e  s t a r s .  I n  a l l ,  l 6  538 s t a r s  r e m a in e d  f o r  

a n a l y s i s ,  d i v i d e d  i n t o  f o u r  g ro u p s  -  Ac -  Fj- , Fd -  0^ »- 

Ko -  M and Aj- "  M., The d i s t r i b u t i o n  o f  t h e s e  s t a r s  by r e g i o n s  

a n d / s p e c t r a l  g ro u p s  i s  g iv e n  i n  T ab le  V I I . A n o t i c e a b l e  f e a t u r e  

i s  t h e  more e v en  d i s t r i b u t i o n  o v e r  t h e  zone; Of th e  s t a r s  o f  ; 

t h e / v a r i o u s  s p e c t r a l  g ro u p s  com pared  t o  t h a t  i n  t h e  A s t r o g r a p h i c  

z o n e , s t a r s  show much v a r i a t i o n  w i t h  g a l a c t i c  ;

l a t i t u d e . T h i s  i s  p a r t l y  b e c a u s e  t h e  zone h a s  a  l e s s e r  r a n g e  % 

o f  g a l a c t i c  l a t i t u d e  and  p a r t l y  b e c a u s e  i t  i s  n o t  c o m p le te  t o  

t h e  : same e x te n t ;  a s  , th é  A s t r o g r a p h ic  , Zone C a ta lo g u e s *

The d i s t r i b u t i o n  c u r v e s  were t h e n  draw n f o r  

e a c h  r e g i o n  and  g r o u p ,  in  a l l  c a s e s  t h e y  w ere  sm o b th e r  t h a n  

was t h e  c a s e  f o r  th e  - 3 0 °  t o  - 3 5 °  z o n e ,  e s p e c i a l l y  f o r  t h o s e  

r e g i o n s  w h ich  w ere weak, f o r  ALL s t a r s , .
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TABLE V II

C e n t r e  and  Mo,

o f  R e g io n .
S  "  ^5 ^8  - . « 5 Ko -  M Aj 1

1 qA 45“  ; 1 2 4 - ■- 412 : 241 777

2 2. 15 . 1 2 8 - 411 - 231 770

3 3 45 187 475 291 953

4 5 15 256 479 391 1126

3 ■ 6 45 - 280 308 : - 467 1055

6 8 1 5 . 212 217 450 879

7 ■■ 45 241 315 538 1094

8 11 15 ' 280 534 1218

9 12 -45 . , - 223 421 590 1234

10 : 14  : 15 - ■■ 256 - ; , 447 574 1277

11 15 43 " - 248 ■; 441 405 1094

12 17 15 202 269 . 398 869

13 18 43 .'■-V ■216 :-V - ,405 ,5 0 6 1127

14 20 13 202 417 ,4 7 1 1090

13 21 45 1 9 1 . 465 388 1044

16 23 15 : 143 ; 469 319 931

TOTAL ' 3 :3 8 9 6 355 6 794 16 538

Avge. Mo . p e r
- 212 - . 5 9 7  - , 424 1 035

Region^



TABLÉ V I I I
DRIFT ANALYSES

A. -  F,

R ; hVt N/ hV^ . % N h
1 0 .6 63 0 .6 233 61
2 0 .6  ; 93 ' 60 6 .3 200 ■ 68
3 0 .7 ?o 110 0 .3 233 : 77
k 0 .7 323 112 0 . 2 223 144

. 3 1 . 2 300 - : 113 6 .6 230 167
6 1 . 0  .. 303 110 0 .6 223 . 102
7 1 . 0 285 V131 ; 0 .3 195 90
8 1 .3 . 260 131 .0 .5 233 149

- 9 1 . 1 - 253 140 0 .3 : 183 83
10 0 .8  \ 233 . 181 0 .4 193 ■ 73
11 1 . 1 225 . 132 / 0 .3 233 .96
12 1 . 4 263 68 0 .3 273 134
13 0 .8 173 l 4 l 0 .8  - 303 . 73.
l 4 0 .3 133 123 0 .6 270 77
13 0 .6  : 133 89 0 .3  . 2 2 5 . .. 102
16 ; ô. 6 1/5 ;

TABLE IX ■
49

Fg -
' “ 5 -  :

1 0 .7  ; * 9 3 ° ; - 166 V 0 .6  V 213° 246
: 2 6 .6 103 206 0 .6 :183 203

3 0 .3 63 230 .. 0 .4 213 , 2 2 3 ,
4 0 .6 . 333 226  ̂ 0 .4 225 233
3 1 . 0 : 513 % 123 0 . 4 243 : 183
6 1 . 0 293 100 0 . 4 233 ; > 117
7 1 . 1 , 280 183 0 . 4 213 130
8\ 1 . 0 263 230 . 0 .6 193 Y 134
9 1 . 1 243 229 0 .4 203 192

10 .1 .0 243 : 233 6 .3 193 192
11 , 1 . 1 230 / . 268 0 .3 : 233 173
12 , 1 . 5 2 0 3 76 :  0 .3 233 , 193
13 : / 0 .3  : 183 \ 203 ; 0 .3 ,2 0 5 ; 202
14 0 .6 163 211 0 .4 ' 243 . 206
13 0 .6 I 33 ; 201 ;  ̂ D .3 233 264
l 6  ■ 0 .6 113 . - 188 0 .6 250 281
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TABLE X 

Ko — M

R hVj % : . Ni . . hVi- %  ̂ Na.
1 0 .3 145 107  ̂ : 0 .3  . . 223 134
2 0 .3 125 : 142 0 . 4 193 89

0 .8 ■ ■: 55 121 0 .2 173 170
4 : 0 .6  , 550 228 0 . 4 200 163
3 0 .7 ' '285 24? . 0 .3 220 220
6 0 . 9  ; 295 175 0 . 4  : 230 273
7 0 . 9 285 27it 0 . 4 223 264
8 1 . 0 265 250 . 0 .3 : 193 , 284
9 . : ITO 250 5 0 0 0 .6  : 1 8 3 ' 290

10. 1 . 0 2 4 7 .5 . 255 : 0 . 4  : 195 319
11 0 .7 255 202 : 0 ,3  . 273 203
12 0 .6 . 215; . 263 0 .3  y . . 243 133
13 0 .6 200 284. 0 .2 . 333 222
14 : 0 . 2  ; 165 . 236 . 0^2 203 , 234
13 0 .6 : 145.1 201 0 .3 5 233 187
16 r \ \ 0 . 3 : 155 ' , 1 1 9 : : : 0 .3  ; 233 ,, 200

TABLE XI

y M
/i ; .  ■: 0.6 105° 333 : 5 0 .5 ■. 255 442

2 0.7  . .  105 468 . 0 .5 195 362
3 0.6 60 : 482 0 .4 195 471

;4 :  ̂ 0 .6  ; ; , 545. : 383/: ^ ,0 .3 215 : , 543
:-3 0 .9 290 .4 3 3 : : 0 .3 255 622
6 1 .0  y 295 335 0 .4 , .245 . 546
7 1 .0 : : 285 610 0.4 215: . . 484
8 1.1 265 ■ 631 0.6 205 587
:9 1 .1 : 250 616 0 .6 195 618

10 y 1 .0  y . 245 677 , 0 .4 . 195 ,  600
11 1 .0 230 ■ 622 : : 10 .4  . 260 472.
12 1 .1 215 : 407 0.3 285 . ■ 462
13 , .  0 .7  : : 180 . : : .609 : 0 . 4. 295 518
14 6.4: - / 165:,: ; -.572 ' : : 0 ,3  : . 240 . ,518
13 0.6 155 , 496 0 .5  . 235 554
16 0.6 125 .. 433 0 .6 255 .498
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TABLE X I I .
ELLIPSOIDAL ANALYSIS ,

■ R 1 / h  . So §° : Six g '.
1 ■: 0 .7 0 7 1 .0 0 0  . 79 .3 0 .1 4 4 53 .0
■2- . 730 0 .9 3 6  ; , 53 .2  : : 389 320 .0
3 887 -  521 . 72 .0 129 360  .8
4 801 , 747. : ,1 1 . .3 , 298 . 122 .3
3 : , 811 . 722 . 343 . 0  : 581 88 .9
6 798 . 756 337 .3  ' : 715 94 .7
7 . ,820 697 307 .5 645 .9 1  .0

.8:. 936 : 0 .3 7 7 306  .6  : 879: 70 X9
9 674 1 .0 9 6 . 284 .1  ■ ,, 855 54 .7

10 793 0 .7 6 7 295 ^ 8 ,678 6 0  Vo
11 . : . 874 : 0 .5 5 6 314  .9 794 53 .5
12 . 899 0 .4 8 6  ■ 192 . 9 442 41 .5
13 ■ . 681 1 .0 7 4 157 . 9 . 384 22 .8
14 847 : 0 .6 2 7  ; 124 .4  . 290 9 .5
13 959 0 .2 5 6 1 0 9 ^ .8 168 3 3 1 1 „ .8
16 - 0 .7 8 6 0.788: ; 91 .7 0 . 1 7 4 , ■ 1 .7

TABLE X I I I

'■■I--. 0 .7 5 2 0 .8 7 7  . 6 7 ° .8 0 .3 2 8 350  .0
2 768 834 . 5 1  .1 , 430.) , 3 2 9 . A
3 . 749 883 , 33 .6 163 294 .8
4  . :■ 838 6 5 0 . : 17 .Q„ 162 122 .3
5 . : 849 622 344  .0  , 480 106 .3
6 822 0 .6 9 2  . ' ,  297 .9 613 94 .4

. .. 7 : 700 . , 1 .0 2 0 , 313. .8 690 , 87 .5
8 , . 823 0 .6 9 1 292 .3 764 66 .9

.9 . 798 755 : , 285 .1: 7755 5 4 , .2
1 0 801 749 , . 277 .0 735 51 .5
11 927 405 : 222 .9 755 56 .3
12 , 867 574 : 186 .8 . 655 ' , 40 . 9
13 933 386 ■172 .6 357 ■ 18 . 2 ,
14  ., 873 56cr 133 .1  ■ 374 12 .9
15 ... 759 . .. 867 103,,'.-4,, . , 332 8 . 3 .
16 0 .7 3 5 0 .9 2 4 94° .1 0 2 9 8 32” .9



TABLE XIY .

ELLIP8OILAL ANALYSIS

H : ■ k / h ,  SL : 68
!:■: 0 .9 1 2 0 .4 3 2 8o .0 0 .2 1 8 19 .2

9 2 9 . 398 87 .0 422 ' 330 .2
' 3 - 842 ; 6 4 l , : -  58 .4. 297 264 .3

4 827 : 679 , :.. :?5i, .8 : ' 2 4 9 ; 143 .5
3 937 . " ' 302 , 3 2 5  +5 '415 82 . 9

/ 918 43 4  : ■ 2 9 4 - .1 . 5 3 9  : . ■ . 86 . 9
7 :902 479 / 327 .9 . :539: ; : :: 9 i  . 9

, 8 ; 9 4 l  / ; :361 ;  -527; . 0  , 586 . . 64 .5
9 , A 931 393 324 .2 5 9 0  , . 52 .8

10 936/ 308 , -296: .3.- - 3 4 5 . : 50 .0
11 797 738% 306 .5, 659 . 61 .5
12 942 336 220 .4 367 42 .7
13 902 480 : 175 .5 2 6 7 : ■ 31 v8
14 941 . 3 6 1 . 166 .7 201 / 3 5 8 , . 9
13 937 300 9 5 „ .7

106 .5
386 . . 3 4 5 ^ .7

16 0 .8 0 0  : . 0 .7 5 0 0 .2 3 7 = 1 4 ° . 3

TABLE XV 

A^ -  .M.

1 0 .7 8 9 0 .7 7 9 7 3 ° .5 0 .2 4 3 4° .9
2 ' 787 ' 785 53 . 2 423 328 .2
f . 816 : .7 1 0 ,: 40 .6 190 272 .4
4 857 4 6 0 1 . 5 .1 203 130 .7
5 . 886 524 ■ .3 3 6  .1 460 92 .0
6 . . 865 . 5 8 1 . . . 307 .6  . 586 91 .9
7 ... .. .7 9 5 763 31$ .8 614 . 90 .0
8 , 913 448 300 .5 732 '6'7 .3
9 847 627 . 292 .6 • 707 53. .7

10 874 556 289. .2 637 52 .9
1 1 ' 936 377 ' 307 .9 , 618 5 7 .1
12 ' 924 ; 413 197  .1 461 41 . .8
13 :. 84 5  ' 633 165 .4 340 24 .2

'14 932 3 8 8  , .. 139 .1 284 8 .0
1 5 . . 875 553 103 .9 35.0 356 .0
16 ' 0 .8 0 3 . 0 .7 4 2 94° .  2 0 .2 5 1 24° .8



- A n a ly s e s  were p e r  f o r  raed f o r  e a c h  g ro u p  by  b o t h  

th e  " T r i a l  and  E r r o r "  m ethod  and  S c h w a r z s c h i l d ' s  a u to m a t i c  

m ethod^  ;#̂ he - a g re e m e n t  b e tw e e n  th e  o b s e r v e d  and  t h e  c a l c u l a t e d  

c u r v e s  i n  t h e  t w o - d r i f t  a n a l y s i s  b e in g  v e r y  much b e t t e r  t h a n

' /  ' o ' -  ■ '/■ -/ ■ 4  ' ' - .was t h e  c a s e  w i t h  t h e  - 3 0 . t o  "35  zone by  i t s e l f *  The d e t a i l s  

o f  t h e  a n a l y s e s  f o r  e a c h  g ro u p  and r e g i o n  a r e  g i v e n  i n  T a b le s  

VIII t o  XV . From t h e s e  i t  can, be s e e n  t h a t  t h e  d r i f t  -  and  th e  . 

e l l i p s o i d a l  -  . c o n s t a n t s  do n o t .  r u n  s m o o t h ly ,4 b u t  , a t  t i m e s , ,

Vary immensely from reg ion  to  re g io n . Of the two a n a ly se s ,  i t  

i s  #ripo8sible ; th at  hhe tw o r d r if t  i s  to  be p r e fer re d , as b e t te r  

f i t t i n g  the observed d i s t r ib u t io n .  As the zone l i e s  so near to  

the so la r  antapes -, the determ ination  of the p o s i t io n  angle of 

the l a t t e r ,  i n  the e l l i p s o i d a l  a n a ly s is ,  i s  accompanied by a . 

con sid erab le  u n certa in ty  in  some r e g io n s ,  w ith  consequent r e s u l t s  

bn the determ inations of the so la r  speed ana- the a x is  r a t i o .  

However, as the d r i f t  curves s t i l l  show a con sid erab le  'n o ise  

l e v e l  L i t  i s  probable that the tgo methods o f  a n a ly s is  are Kst/ 

e q u a lly  accurate -  in  the sense th a t  the determ ined ,constants  ' 

are those th a t would be g iv en  by p e r fe c t  proper motions in  that  

,zone* The elem ents of  the D r if t  m otions, e tce tera *  are g iven  

in  Tables XVI and XVII. - /A 4  '

The f i r s t  feg tu re  of th ese  i s  that the  

c e l e s t i a l  co -o rd in a tes  of the d r i f t  ap ices  are e s s e n t i a l l y  

normal -  that i s , in  agreement with those normally obtained -  

e s p e c ia l l y  when the la tg e  probable errors  are con sid ered . The
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TABLE XVI

^5 "  ^5 ^8  -  G5 Ko -  M Aq -  M

A 6 87° . l  i  5 ° . 7 9 6 ° . 0  Ï  4 ° . 9 9 2 ° .6  i  6 ° . 4 9 0 ° .6  i  5 ° . 3

b, - l l ° . l  5 ° . 6 - 1 2 ° . 9  4 ° .  8 - 1 1 ° . 7  6 ° . 4 - 1 3 ° . 5  5 ° . 2
hw. : 0 .9 9 2  0 .0 9 7 0 .9 8 9  0 .0 8 3 0 .7 5 5  0 .0 8 6 0 . 901: 0 .0 8 1

A% 268° . 5  +3 0 ° . 6 3 0 0 ° i 2 6 6 ° .4 3 0 5 ° . 8  4 3 ° . 3 2 5 8 ° .7  4 3 ° . 9
Da '+ 5 0 ° ° 8  1 9 ° . 3 - 80° / i  1 1 ° .4 - 7 2 ° .0  1 3 ° . 4 - 7 0 ° .8  1 4 ° . 5

0 .3 4 8  . 0 .6 1 7 0 .4 0 3  0 .0 8 0 0 .2 7 9  0 .0 6 5 0 .3 2 3  0 .0 8 2

Av 8 7 ° . 4  7 ° . 3 9 2 ° .5  5 ° . 4 9 5 ° .9  , 7 ° . 6 8 9 ° .4  : 6 ° . 7
Dv 3 ° . 7  7;°.3 9 °? 8  : 6 ° . 4 7 ° . 9  7 ° . 5 5 ° . 5  6 ° . 7
Gv 3 5 0 °^ 7 3 4 7 ° . 8 3 5 1 ° .1 3 5 0 °1

Sv 9 ° . 3 2 ° . o ; - 0 ° . l 6 ° .  7
S ir 1 .1 9 5  0 .1 5 2 ' 1 .0 4 0  0 .1 1 5  , 0 .8 2 0  0 .1 0 8 0 .9 8 5  0 .1 1 5

Ao 2 6 ë ° . 8 4 2 6 8 ° .4 2 6 8 ° .6  ;4 272° .3
Do 2 8 ° . OX 3 4 ° . 8  ,

0
31  . 9 3 3 ° . 9

AUo 0 .4 8 5 4 0 .5 4 3 ■ 0 .3 9 4 . 0 .4 6 3

: 1 .1 9 0 .97 ; m .0 0 0 ,9 9

TABLE XVII

Ay 9 7 ° . l  i  5 ° . 8 8 9 ° .5  i  2 ° ,7 1 0 6 ° .0  i  7 ° .2 9 2 ° .7  i  4 ° . 6
Dv 1 4 ° . 9  5 ° . 6 4 , 12'?. 5 3 ° . l  , 1 6 °  .3  6°i.9 1 6 ° .4  3 ° . 7
Gy , 4 . 3 4 5 ° i 4 3 4 4 ° .6 3 4 8 ° .1 3 4 2 ° .1
Sv ■4 / .  ;  / '  -4 ° ,3  / ' ;4 -3 ^ .2 ; - 1 2 ° .7 - 1 ° . 4 4
K=

0 ,7 7 5  0 .0 3 0 0 .8 9 8  6.621H 0 ,7 3 1  0 .0 1 5 0 .8 2 5  0 .0 2 4

Ao 262°.G 11°.0  276°.0: 11°.0 271° .4  11°.7 270°.3 l l ° . l
Do 27°,9  ,9 ° .7 : : 36?.2 8°.8 3B °.3 , 9°;6; 35°.0  9°.1_

hüo 0.489 0.083 , 0,50.6 0.078 0.394 0.0166 : 0.449 0.671



l a t t e r  f o r  D r i f t  I I  a r e  p a r t i c u l a r l y  l a r g e  s o  t h a t  t h e r e

' a t  f i r s t  ■ ' ' ■ ' ' -  ' / ■' .be  some d o u b t  w h e th e r  th e  p o s i t i o n s  a r e  c o n v e r g e n t s .

H ow ever t h e  p r o b a b l e  e r f o r s  i n  R .A . a r e  g i v e n  i n  e q u a t o r i a l

v a l u e s .  At t h e  d e c l i n a t i o n  o f  t h e  ap ex  t h e s e  become b u t  10° o f
/■ : / '■ ■ . ■%,;' y  '  y

s o , s  pj^the p o s i t i o n  i s  a  c o n v e r g e n t . The d r i f t  ; v e l o c i t i e s  r e m a in  

a t  a b o u t  h a l f  t h e i r  u su a l  v a l u e s .

. . I n  t h e  same W a y , i t  a p p e a r s  t h a t  a  v e r t e x  

d e v i a t i o n  o f  some 2 0 °  r e m a i n s . / T h e  p o s i t i o n s  fo u n d  f o r  t h e  

s o l a r  a p e x  a g r e e  v e r y  w e l l  w i t h  t h o s e  f ro m  o t h e r  a h a l y s e s ,  

e s p e c i a l l y  when i t  i s  c o n s i d e r e d  t h a t  t h e  p o s i t i o n s  g i v e n  m o s t ly  

l i e  w i t h i n  t h e  z o n e .  I n  b o t h  c a s e s , t h e  v e l o c i t i e s  a r e  low  and  

o f  a b o u t  h a l f  t h e i r  u s u a l l y  d e te r m in e d  a n o u n t s .  P e rh a p s  t h e  . 

m ost i n t e r e s t i n g  f e a t u r e s  o f  t h é  r e s u l t s  o f  t h e  d r i f t  a n a l y s e s  

cLse t h e  v a l u e s  o f  t o  / w h ic h  a r e  u n i t y  f o r  t h e  l a s t  t h r e e

g ro u p s  and  s l i g h t l y  g r e a t e r  t h a n  u n i t y  f o r  t h e  P s t a r s .  T h ese

v a l u e s  a r e  i n  s u c h  e x c e l l e n t  a g re e m e n t  w i t h  t h e  v a l u e s  t o  be 

e x p e c t e d  t h a t  one w o nders  w h e th e r  t h e y  a r e  r e a l  a t  a l l .  

U n f o r t u n a t e l y ^ t h e i r  p r o b a b l e  e r r o r s  a r e  n o t  know n. They b e a r  

o u t  f u l l y  t h e  r e s u l t s  fo u n d  b y  Sm art and  T a n n a h i l l  ( 2 )  f ro m  

t h e  b rm gh t s t a r s  i n  t h e  C .Â .Z .  and by  T a n n a h i l l  f ro m  t h e  G .C .

‘ When t h e  r e s u l t s  o f  t h e  a n a l y s i s  by  S c h w a r z s c h i l d * s

a u to m a t i c  m ethod  a r e  s i m i l a r l y  ex am ined  i t  i s  a g a i n  fo u n d  t h a t  

t h e  v e r t e x  d e v i a t i o n  and  d i r e c t i o n  i s  i n  good  a g re e m e n t  w i t h  

t h a t  f ro m  t h e  d r i f t  e in a ly s i s  and  w i th  t h e  n o rm a l  v a l u e s  and  th e  

e l e m e n t s  : o f  th e  s o l a r  m o t io n  a r e  t o  a l l  i n t e n t s  i d e n t i c a l  w i t h
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t h o s e  f ro m  th e  d r i f t  a n a l y s i s .  One v a l u a b l e  c o n se q u e n c e  og t h i s  

l a t t e r  a g re e m e n t  i s . t h a t  i t  i n d i c a t e s  t h a t  t h e  d r i f t  a n a l y s e s  

w ere  n o t  i n  e r r o r  -  t h a t  i s ,  i n  f i t t i n g  t h e  c u r v e s  t h o s e  

t a k e n  a s  b e in g  t h e  b e s t r e p r e s e n t a t i o n s  o f  t h e  o b s e r v e d  c u r v e s  

were a l s o  t h o s e  a p p r o p p i a t e  t o  t h e  e l l i p s o i d a l  a n a l y s i s  -  i n  . 

olgher w o r d s , i n  a c c e p t i n g  a  s e t  o f  c o n s t a n t s  a s  b e in g  t h e  d r i f t  

a n a l y s i s  o f  t h e  r e g i o n ,  e v e n  th o u g h  t h e y  m ig h t  a p p e a r  a n o m a lo u s ,

no s e r i o u s  e r r o r  was i n t r o d u c e d .  T h is  i s  c o n f i rm e d  by t h e  h ig h
■ -  : K ;v a l u e s  o b t a i n e d  f o r  t h e  a x i s - r a t i o  = . The low  d r i f t  v e l o c i t i e s

■%-. , / %  / '  ; •  ■ ■ ■-

i n d i c a t e  t h a t  t h e  d i s t r i b u t i o n  i s  more n e a r l y  random  t h a n  u m u a l ,

and  h ende  t h e  a x i s - r a t i o  s h o u l d  more n e a r l y  a p p ro a c h  u n i t y .

F u r t h e r  s u p p o r t  c a n  be g a in e d  by t h e  u se  o f

th e  r e l a t i o n  b e tw e e n  g and  ^ d e r i v e d  i h  a  l a t e r  c h a p t e r .

KFrom t h i s  r e l a t i o n , t h e  v a l u e s  ofi g c o r r e s p o n d i n g  t o  t h e  o b s e r v e d

v a l u e s  o f  S t  -  w h ich  we w i l l  w r i t e  a s  - -  a r e  t h o s e\H y  c a l c .

i n  t h e  t p p  l i n e  o f  t h e  u n d e r n e a th  t a b l e ,  t h o s e  i n  t h e  lo w e r
li ' . ■' -

b e i n g  t h e  o b s e r v e d  v a l u e s  o f  -  .

— F^ , Fg — ICo — M A^ — M

f K \  ' 0 . 7 #  0 .7 8 8  , 0 .8 5 9  ^ Q.8 1 1
VEy c a l c .  = 0 .0 4 5  :  0 .0 5 4  = 0 . 0 5 1 -  0 .0 3 5

k V  . ^ 0 . 7 7 5 , ... . . 0 .7 5 1  0 .8 9 8  0 .8 3 5  '
,H7 o b s .  ■- 0 .0 3 0  -  0.0 1 5  -  0 .0 2 1  -  0 .0 2 4

Thus, on c o n s i d e r i n g  th e  p r o b a b l e  e r r o r s  t h e  

p a i r s  o f  v a l u e s  o f  g  a r e  i n  f u l l  a g r e e m a n t .  U n f o r t u n a t e l y  

t h i s  e v id e n c e  c a n  be u s e d  b o th  ways -  a s  s u p p o r t  f o t r  th e
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f o r  t h e  a g re e m e n t  o f  t h e  a n a l y s e s  and  a s  e v id e n c e  t h a t  t h e  

t h e o r e t i c a l  r e l a t i o n  a g r e e s  w i th  o b s e r v a t i o n .

T h ere  a r e  t h u s  two c o n c l u s i o n s  t o  be draw n from  

t h e  a b o v e .  They g i r e I -

( i )  t h a t  t h e  p r o p e r  m o tio n s  o f  t h e  Cege P h o to g r a p h ic  

Z o n e - C a t a l o g u e s , z o n es  -3 P °  t p  - 3 5 °  and  - 3 5 °  t o  - 4 o ° ,  

d i s p l a y  t h e  e f f e c t s  o f  p r e f e r e n t i a l  m o t io n  and  y i e l d  n o rm al  

p o s i t i o n s  f o r  t h e  a p i c e s  o f  t h e  d r i f t s , t h e  v e r t e x  o f  s t a r -  

s t r e a m in g ,  and  t h e  s o l a r  m o t io n ,  and

( i i )  t h a t  b e c a u s e  o f  t h e  h ig h  ( n o i s e  l e v e l *  -  

t h a t  i s  p r o b a b l y  i n d i e a t K d i v e  t h a t  fcfce d i s t r i b u t i o n s p o f  t h e  

s m a l l  p r o p e r  m o t io n s  i s  a lm o s t  random  -  t h e  v e l o c i t i e s  

d e te r m in e d  a r e  a b n o rm a l ly  lo w .  T h is  i s  c o n f i r m e d  by  t h e  h ig h  

v a l u e s  o f  t h e  a o x i s - r a t i o s  o f  t h é  v e l o c i t y  e l l i p s o i d .

I t  a l s o  a p p e a r s  t h a t  t h e r e  h a s  b e e n  no g r e a t  

change  i n  t h e s e  d e t e r m i n a t i o n s  by  th e  i n c l u s i o n  o f  t h e  -3 5  

t o  -4 0  zone i n  t h é  a n a l y s i s  o r  by t h e  e x c l u s i o n  o f  t h e  A ty p e  

s t a r s .  F u r t h e r  i t  i s  i m p o s s i b l e  t o  s a y  w h e th e r  t h e r e  a r e  any  

v a r i a t i o n s ,  w i t h  s p e c t r a l  c l a s s , a s  th e  u n c e r t a i n t i e s  o f  th e  

v a r i o u s  d é t e r m i n a t i o n s  a r e  so  g r e a t .  T h e re  i s  some s l i g h t  

s i g n  Of a  t r e n d  f o r  t o  d e c r e a s e  from  t y p e s  F t o  t y p e s  K

b u t  i t  i s  n o t  d e f i n i t e , The o n ly  o t h e r  v a r i a t i o n  i s  t h e

d ro p  o f  t h e  r a t i o  N], t o  Mg f o r  t h e  l a t e r  s p e c t r a l  c l a s s e s .

; The q u e s t i o n  o f  w h e th e r  t h e r e  i s  any  g r e a t

d i f f e r e n c e  b e tw e e n  t h e  b e h a v i o u r  o f  t h e  two com ponent z o n e s



I2i

■■ V

c a n n o t  be f u l l y  s e t t l e d  'f rom  t h e  above r e s u l t s .  I f  t h e  

c u rv e s  f o r  e a c ^  zone f o r  e a c h  r e g i o n  a r e  draw n s e p a r a t e l y ,  i t  

a p p e a r s  t h a t  t h e  D r i f t  I  d e t e r m i n a t i o n  f o r  t h e  com bined  z o n e s  

d e p en d s  m a in ly  on t h e  - 3 5 °  t o  - 4 o °  zone and  t h a t  f o r  D r i f t  I I  

on t h e  - 3 0 ° ^ t o  - 3 5 °  z o n e ,  t h e  l a t t e r  h a v in g  t h e  g r e a t e r  ( n o i s e  

l e v e l *  o c c a s i o n i n g  th e  low  D r i f t  I I  v e l o c i t i e s .  The i n d i c a t i o n s  

a r e  t h a t  th e  - 3 5 °  t o  -Ao° z o n e ,  i f  ex am in ed  s e p a r a t e l y ,  w ould  

g iv e  o n ly  s l i g h t l y  h i g h e r  D r i f t  I  v e l o c i t i e s , b u t  somewhat 

g r e a t e r .  D r i f t . I I  v e l o c i t i e s  and more a c c u r a t e  p o s i t i o n s  f o r  th e  

a p i c e s .  H o w ev e r ;, i t  a p p e a r s  t h a t  th e  v e l o c i t i e s  w ou ld  s t i l l  

d e p a r t  f ro m  t h e  'no rm al* , v a l u e s .  Thus i t  c an  be c o n c lu d e d  t h a t  

t h e  c a u s e  o f  th e  low  v e l o c i t i e s  o p e r a t e s  an  b o t h  z o n e s  b u t
O O ■ •

p e rh a p s  t o  a  g r e a t e r  e x t e n t  on th e  -3 0  yo -3 5  z o n e , i n  w hich  

t h e  p r o p e r  m o t io n s  q re  e x p e x te d  t o  be  l e s s  a c c u r a t e  t h a n  i n  th e  

o t h e r  z o n e , '

One way i n  w hich  more i n f o r m a t i o n  m ig h t  

be g a in e d  w ould  be by  an  a n a l y s i s  c o n f i n e d  t o  t h e  l a r g e r  p r o p e r  

m o t io n s  and  t h u s  d e r i v i n g  t h e  'p s e u d a  - d r i f t  v e l o c i t i e s ' .  T hese  

w ould  n o r m a l l y  be v e r y  much g r e a t e r  t h a n  t h o s e  f ro m  a n a l y s e s  . , 

o f  a l l  p r o p e r  m o t i o n s ,a n d  i t  m igh t t h u s  be p o s s i b l e  t o  draw 

f u r t h e r  c o n c l u s i o n s  f ro m  t h e i r  v a l u e s .  T h e re  a r e  two p o s s i b l e  

c a u s e s  f o r  t h e  low v e l o c i t i e s  fo u n d  i n  t h i s  i n v e s t i g a t i o n  t h a t  

a p p e a r  more p r o b a b l e  th a n  o t h e r s .  They a r e , f i r s t l y , t h e  e f f e c t  

o f  a c c i d e n t a l  e r r o r s  on t h e  s m a l l  p r o p e r  m o t io n s ,  and  s e c o n d l y  . 

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



c a t a l o g u e s .  T h e n , i f  a n a l y s e s  w ere  made f o r  m o t io n s  g r e a t e r  t h a n ,  

s a y ,  1 , 2 , 3 1^*5 and  10 s e c o n d s  o f  a r c  p e r  c e n t u r y , t h e n  , i f  t h e  

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

t h e r e  s h o u l d  be a  su d d e n  change  i n  th e  d r i f t  v e l o c i t i e s  fo u n d  

b e t w e e n ^ p e r h a p s , t h e  f i r s t  two l i m i t s .  I f ,  a l t e r n a t i v e l y ,  th e  

r e s u l t s  f ro m  t h e  l a r g e s t  m o tio n s  d i s p l a y e d  no a b n o rm a l l i t y  and 

t h e  o t h e r  m o t io n s  showed an  i n c r e a s i n g  d e p a r t u r e  a s  th e  l i m i t  

d e c r e a s e d ,  t h e n  t h i s  m ig h t  i n d i c a t e  t h a t  t h e  s y s t e m a t i c  

c o r r e c t i o n s  w ere  o c c a s i o n i n g , t h e  d i f f e r e n c e s ,  {Dt w ould  be 

n e c e s s a r y  t o  p e r f o r m  a  p a r a l l e l  a n a l y s i s  f o r  th e  C ,A ,Z , o r  

some o t h e r  c a t a l o g u e ,w h i c h  h ad  p r e v i o u s l y  y i e l d e d  n o rm a l  a p i c e s  

and  v e l o c i t i e s , t o  p r o v id e  a  c o n t r o l  and  t o  i n d i c a t e  what 

v a r i a t i o n s ,  i f  a n ÿ ,  w ere  t h e  r e s u l t s  o£ s e l e c t i o n  $n u s i n g  

o n ly  t h e  l a r g e  p r o p e r  m o t i o n s .

T h ere  i s  one o t h e r  p o i n t  w h ic h  m ust  be 

c o n s i d e r e d  -  nam ely  t h a t  th e  ^ G d u c t io n s  G a p e . to  FK3 a r e  b a s e d  

m a in ly  on t h e  b r i g h t e s t  s t a r s ,  t h e  G,G, e x t e n d i n g  b u t  t u  m ag n i tu d e  

e i g h t  and  t h e  FEÿ , w h ich  c o n t a i n s  many f e w e r  s t a r s ,  t o  a, b r i g h t e r  

l i m i t .  The r e d u c t i o n s  a r e  tjjius, a s  s t a t e d ,  b a s e d  on th e  b r i g h t e s t  

S t a r s ,  and  t h e s e s  a r e  th e g e  whose p h o t o g r a p h i c  p l a c e s  a r e  

u s u a l l y  w e a k e s t ,  A m a g n i tu d e  c o r r e c t i o n ,  h o w e v e r ,  was d e r i v e d  

i n  t h e  p r e p a r a t i o n  o f  t h e  c a t a l o g u e s  and  a p p l i e d .  Thus i f  t h e  

l a r g e  p r o p e r  m o t io n s  d i d  n o t  y i e l d  any f u t t h e r  i n f o r m a t i o n , i t  

i s  s t i l l  p o s s i b l e  t h a t  an a n a l y s i s  by m a g n i tu d e  g ro u p s  m ig h t .
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H o w é b e r ,v th ë r e  w ould  a l s o  e n t e r  a  s e l e c t i o n  f a c t o r , i n  tdie f i r s t  

p l a c e ,  and, s e c o n d ly ,  any  a n a l y s i s  by  m a g n i tu d e  g r o u p s , to  p e r fo rm , 

w h ic h  i t  w ou ld  be  n e c e s s a r y  t o  combine s p e c t r a l  g ro u p s  t o  o b t a i n  

s u f f i c i e n t  num bers o f  s t a r s . / w h i c h  y i e l d e d  v a r i a t i o n s  w i th  

m agnitudeV w ould  a l s o ;  c o n t a i n  an  E f f e c t  d e p e n d in g  on s p e c t r a l  

.fyp®7̂ ^ u c e  t h e  mean C o lo u r  I n d e x  v a r i e s  w i t h  t h e  m a g n i tu d e  g ro u p  

and t h e  mean m ag n i tu d e  w i th  s p e c t r a l  g ro u p  i n  t h e s e  c a t a l o g u e s , :

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

t h e  r e s t r i c t e d  p r o p e r  m o tio n s  o f  t h e  two z o n e s  i s  n o t  a v a i l a b l e  

a t  t h e  t im e  Of w r i t i n g ,  t h e s e  i n v e s t i g a t i o n s ,; w hich  m ig h t  have  . 

p r o v i d e d  f u r t h e r  i n s i g h t  u n to  t h e  e x p l a n a t i o n  o f  th e  a n o m a l i e s , / 

c a n n o t  be p r e f o r m e d .  T h e / p r e s e n t  a u t h o r  h o p e s ,  h o w e v e r , t h a t ,  

when t h e  ; m a t e r i a l  becom es a v a i l a b l e , h e  w i l l  be a b l e  t o  c o m p le te  

th e  i n v e s t i g a t i o n  on t h e  l i n e s  d e r a i l e d  a b o v e ,
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CHAPTER VI

SUMMARY OF THE INVESTIGATIONS OF PROPER MOTIONS

1 .  ■ : ■ • . ■ ; ' ;  ■ ■. ^ ,■
. The in v e s t ig a t io n s :  o f the proper m otions o f the

Cape A strographic Zone C atalogues and o f the Cape Photographic

Zone C atalogues i Zones -3 0 ° to  -3 3 °and -3 3 ° to  -4o°, which have

been d escrib ed  in  the preceding ch a p ters , were g en er a lly

concerned w ith  three o b je c t iv e s .  They were, in  the order

d escr ib ed , f i r s t l y , t h e  e f f e c t  o f  a change of the system  of

re feren ce  on the c o n sta n ts  o f s ta r -strea m in g , w ith  s p e c ia l

re feren ce  to  thé d e c lin a t io n  of the so la r  apexJ seco n d ly ,

the v a r ia t io n s  in  the con stan ts of sta r -strea m in g  w ith  sp e c tr a l ,

c la s s  and w ith  m agnitude,and th ir d ly , the comparison of the

two methods: o f  determ ining proper m otions. The r e s u lt s o f  th ese

in v e s t ig a t io n s  w i i i  how be summarised.

The f i r s t  in v e s t ig a t io n , in  which the proper

m otions o f the Cape A strographic Zone were red u ced . to  the system

of the FK3 , d id  not accom plish i t s  purpose and the e f f e c t s  o f

a change to  another system  could not be ev a lu a ted , i t  b e in g

found th a t the co rrec tio n s  ap p lied  to  accom plish the red u ction

were p o s s ib ly  hot s a t is fa c to r y ,th e r e  being somé q u estion

whether th e ir  method o f  d er iv a tio n  was co rrect  ̂ the magnitudes

of the changes in  the con stan ts of s ta r -strea m in g  being so

great as to  in d ic a te  th a t the proper m otions were p o s s ib ly ,

not on the true RK3 sy stem :a fter  the re d u c tio n ,.



The f i r s t  in v e s t ig a t io n  having been u n sa t is fa c to r y ,  

the proper m otions of the fa in t  s ta r  volume o f the Gape A. 

A strographic Zone Catalogue were then analysed  to  determine 

whether there were any v a r ia tio n s  in  the. con stan ts o f s t a r -  

stream ing with, the d if f e r in g  magnitudes o f the two volumes 

of the A strographic Zone catalogue and a lso  to  a sc e r ta in  the 

n a tu fë  o f the v a r ia t io n s  of these con stan ts wiÿh sp e c tr a l c la s s .

But one v a r ia tio n ,w h ich  appeared s i g n i f i c a n t , of the con stan ts - 

w ith  magnitude was found -  namely that the speed of the so la r  

motion was higher for each sp e c tr a l group fo r  the fa in t  s t a r s .

I t  was a lso  found th a t each elem ent of the d r i f t  m otions r e la t iv e  

to  the sun, v a ried  w ith sp e c tr a l c l a s s . For the D r ift  I apex 

the v a r ia tio n s  were too  sm all to  be = regarded as e s ta b lish e d  

but the other v a r ia t io n s  were a l l  of such magnitude as to  be 

considered  as having been e s ta b lis h e d , e s p e c ia l ly  when taken  

along w ith  those found by T annahill from h is  an a lyses of the 

G.C, Not a l l  o f the v a r ia tio n s: were regu lar jand when the  

à type s ta r s  are in c lu d ed , as. was done by T a n n a h ill, some of 

th ese  ir r e g u la r  v a r ia t io n s  are em phasised. Two su g g estio n s  of 

the causes o f th ese  ir reg u la r  v a r ia tio n s  have been made by 

T a n n a h ill, F ir s t ly  i t  be' that an a n a ly s is  in  which the

la t e r  sp e c tr a l groupswere separated  in to  g ia n t and dwarf s ta r s  

might r e so lv e  the d isc r e p a n c ie s . A lte r n a t iv e ly , i t  may be th at  

th ese  d iscrep a h c ie s  are an in d ic a t io n  o f  the inadequacy of the : 

p résen t th e o r ie s  o f  the d is tr ib u t io n  of s t e l l a r  p ecu lia r  v e l o c i t i e s .
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/ The purposes o f , the th ird  in v e s t ig a t io n ,,  in  

which the proper m otions o f the Cape Photographic Zone C atalogues 

were an a lysed ,, were tw o fo ld . The f i r s t  wad to  attempt to  obtain  

fu r th er  in form ation  about the v a r ia tio n s  wittn sp e c tr a l c l a s s , 

w ith e s p e c ia l  re feren ce to  the d iscrep a n c ies  p rev io u sly  n o tic e d .  

Secondly, the purpose was to  compare the two photographie  

methods of determ ining proper m otions. This in v e s t ig a t io n  was 

in c o n c lu s iv e , the r e s u lt s  o f thé an alyses being anomalous as 

regards the v e l o c i t i e s  and a x is - r à t ê i s  determ ined and the p o s it io n s  

f  ound haying sudh la rg e  probable errors th a t no, v a r ia tio n s  w ith  

s p e c tr a l c la s s  could  be e s ta b lish e d ,e x c e p t  fo r  the d r i f t  r a t io s ,  

which confirm ed .the r e s u lt s  from the A strographic zone and 

from the G/C, : N either could; the o r ig in  of the anom alies be 

e s ta b lis h e d , the r e q u is ite  m a ter ia l not being y et a v a ila b le .

The r e s u lt s  of the an a lyses do, however, in d ic a te  th a t  of the 

two methods o f d er iv in g  proper m otions, the purely  photographic  

method, in  which two p la te s  of the same reg io n  are superimposed  

and the changes in  p osition ;m easu red , i s  p r e fe r a b le . In t h is  

method the p o s it io n s  do not need to, be a c c u r a te ly  known,. nor 

the p r e c e s s io n s , whereas in  the other method, in  which 

photographic p la te s  are used only at the second epoch,both  

the p o s it io n s  and hhe p recess io n s  need to  be known at one epoch.

Although in  both cases where the proer motions 

analysed  were on the system  of FK3 anomalous r e s u lt s  were ob ta in ed , 

i t  i s  probable th a t the reason i s  th a t the red u ctio n s to  FK3 are
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baséd on the b r ig h te s t  st ars in; the ca ta lo g u es ,whereas the  

s ta r s  used ih  tteA e analyses^^^^- f a in t e r .  than th e /sev e n th

m agnitude. ' ' '
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In th is  section  of the th e s is  two in vestiga tion s based on 

rad ia l v e lo c it ie s  are described. The second o f these in vestigation s  

i s  s t i l l  in  progress.

Generally speaking, our knowledge of the nature o f the 

system atic motions o f the stars derived from rad ia l v e lo c it ie s  i s  

scs.nt in comparison to  that from proper motions. With regard to  

star-stream ing the to ta l of rad ial v e lo c ity  evidence to  date can be 

regarded as being but confirmatory of proper motion re su lts  and 

only s l ig h t ly  as having brought new knowledge. This does not, however 

imply that radial v e lo c ity  data i s  secondary to  proper motion data.

For certain  types of stars and s te lla r  a ssoc ia tion s the radial 

v e lo c ity  data and re su lts  are superior to the corresponding proper 

motion m aterial.

K evertheless, on comparing the amount o f rad ial v e lo c ity  

m aterial availab le for an alysis to  that for proper motions, the 

paucity i s  evident. The explanation i s  neither that the measurement 

of proper motion antedates that of rad ial v e lo c ity  by more than a 

century nor that rad ia l v e lo c it ie s , to  be accurate, must be measured 

photographically, but that each star must have i t s  v e lo c ity  measured 

in d iv id ually , and, to  obtain accurate re su lts , a number of independent 

determinations are required, whereas proper motions can be determined 

in mass, merely by taking two p la tes of the same region with a su itab le

period o f time between them. Another factor i s  that to  photograph
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s te l la r  spectra, for rad ial v e lo c ity  determinations, longer 

exposures are required than for, say, Astrographic work. I t  i s  thus 

not surprising that, w h ilst proper motions have now been measured 

for almost a l l  stars brighter than the tenth apparent magnitude, 

rad ia l v e lo c ity  determinations are barely complete to  the six th .

A further consideration i s  that rad ia l v e lo c ity  

determinations are frequently a by-product of some other in vestigation  

and the known v e lo c it ie s  are thus weighted towards stars of other 

astrophysical in te r e s t , such as the 0 and B type s ta rs , binary stars  

(e sp ec ia lly  spectroscopic b in a r ie s ), the la te  type sta rs , e tce tce tc .

The l im te d  amount of material availab le for an alysis i s  

balanced to  some extent by the fact that the actual v e lo c ity  along 

the lin e  of sigh t i s  measured, in kilometres per second, v/hereas to  

convert proper motions to  v e lo c it ie s  the parallaxes need to be known* 

This can be of particu lar value in such matters as the determination 

o f  the so lar motion, the constants of g a la c tic  rotation  and the 

dispersions of v e lo c ity  along the axes of the v e lo c ity  ellip so id *

Of great importance i s  the fact that rad ial v e lo c it ie s  are largely  

independent of the distances of the stars. The rad ia l v e lo c it ie s  

of the d istant 0 and B stars can thus be measured as accurately as 

those of the near stars of equal apparent magnitude, whereas th e ir  

proper motions become too small for accurate measurement*

The main f e a t u r e  o f  a n a ly se s  o f  r a d i a l  v e l o c i t i e s  i s  th e  

p re se n c e  o f  a  c o n s ta n t  te rm  -  th e  *K* term* T h is  was d is c o v e re d  by 

Campbell (X) i n  1911 , and  has been confirm ed  b y  subsequen t a n a ly s e s .  

I t s  o r ig in  i s  u n c e r t a i n ,  b u t ,  a s  i t  on ly  becomes a p p re c ia b le  fo r  th e

0 and B sta rs , i t  has been associated  v/ith the grav ita tion a l red s h if t .
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Whether or not the grav ita tion al red sh if t  accounts for the 

observed K term can not yet be said  to  be decided, esp ec ia lly

in view of the uncertain ties in the masses o f the 0 and B 

s ta rs , some of which may be in need of rev ision . For the 

la te  type sta rs, however, i t  semms probable that the K terms 

are of accidental orig in .

Generally speaking, rad ial v e l io i t y  analyses 

have mostly been concerned with the determination of the solar  

motion and, for the d istan t early  type s ta rs , g a la c tic  rotation .

Only re s tr ic te d  use has been made of radial v e lo c it ie s  in determining 

the constants o f star-stream ing, as they are not as amenable to  

analyses as proper motions. The re su lts  of such analyses as 

have been made, have been, however, confirmation of proper 

motion r e su lts . There i s  a lso  some s lig h t  evidence that the 

obser^d d istribution  can be better represented on the e l lip s o id a l  

Ib'heoryi-'thanvion the tw o -d r ift’ s theory. A defect o f most methods 

of analyses has been that i t  was generally necessary f i r s t  to  

remove from the observed v e lo c it ie s  the p a ra lla c tic  component 

and then to  analyse the residual v e lo c it ie s .

A convenient method by which the observed rad ial 

v e lo c it ie s  could be analysed on the e ll ip so id a l hypothesis was 

was derived in  1957 by Smart and Chandraseklmr ( l )  and does not 

require the removal of the p ara llactic  component before a n a lysis .

I t  does, however, s t i l l  require a knowledge o f the solar motion
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appropriate to  the stars treated . The method has been applied  

by Smart (g) to  the stars of Schlesinger's ‘’Catalogue of Bright 

Stars, I 93Ô" (3 )# und the re su lts  agreed v^ell w ith Nordstr&m* s (4 ) 

re su lts  from his analyses of radial v e lo c it ie s .

In Clmpter 7111, the radial v e lo c it ie s  of a 

sample group of fa in ter  sta rs , measured at Idok Observatory, 

are analysed both for the deterndnation of the solar motion and 

of the constants of the v e lo c ity  e llip so id . The aim of th is  

in vestiga tion  m s to  ascertain  any points worthy o f more d eta iled  

analysis when more extensive data became availab le for fa in t sta rs, 

with the then forthcoming Mount Wilson catalogue in  mind.

In Chapter ÜC, an analysis o f the rad ia l v e lo c it ie s  

of some 1,600 0 and B type stars between ^dàctic la titu d es  

± 20^ i s  outlined, i t  being s t i l l  in  progress. Attention  

has been d irected  to  the sta rs, since;

(a) th eir  great d istances improved the determination of 

e ffe c ts  depending on distance, and

(b) their  absolute magnitudes are knovm m th  reasonable 

accuracy, and th e ir  distances can be determined fair^Ly 

w ell, although the e ffe c ts  o f in te r s te lla r  absorption 

oahbpt be fu l ly  taken in to  account. However, the

amount of the absorption can be estimated for th e ir  sta rs.

Other advantages are that (a) the question o f  

giant and dwarf c la s s if ic a t io n  only enter s l ig h t ly , (b) the



0 and B s t a r s  in.. th e  c a ta lo g u e  a re  more l a k e l y  he n e a r  

c o m p le t io n . to  some l i m i t  th an  th e  l a t e r  s t a r s ,  much a t t e n t i o n  

having been p a id  t o  them„. o b s e r v a t io n a l ly ,  becau se  o f  t h e i r  

im portance  in  numerous a s t r o p h y s i c a l  and co sm o lo g ica l  p rob lem s, 

and  (o) i n t e r s t e l l a r  v e l o c i t i e s  a r e  f r e q u e n t ly  a v a i l a b l e  from 

t h e i r  sp e c ra  and  can th en  be in c lu d e d  in  th e  a n a ly s is *  A 

drawback, however i s  t h a t  th e y  o f te n  form a s s o c i a t i o n s  and  

moving c l u s t e r s ,  which canno t always be r e c o g n is e d  a s  such 

from th e  c a ta lo g u e  data*

The e x te n t  o f  C hapter 7111 was communicated 

t o  th e  R oyal A strono m ica l  S o c ie ty  and p u b l is h e d  in  th e  M onthly 

N o tic e s  t h e r e o f  (_5) A copy o f  th e  p ap e r  i s  in c lu d e d  in  th e  

ap pend ix .

(1) W.M. Smart and  S. Ohandrasekliav M#N. 98,658 ,1933

( 2 ) W*M. Smart. M.N. 99? 61, 1939

(3 ) F. S c h le s in g e r .  "G ata lugue o f  B r ig h t  S t a r s ,  l03o

(4 ) H. Nordstrom, Lund. Medd. S e r .  H  , No *79

( 5 ) D.G. E w art,  M.N. 113? , 1953



CHAPTER V III

ANALYSES BASED ON THE LICK RADIAL.VELOCITIES 

. OF 820 FAINT STA RS,-

1 ' :  ' ' \ . . '  " ' . -  / '  % : ' : . .

Because of the r e s t r ic te d  nature o f the m ateria l

a v a ila b le ,  in v e s t ig a t io n s  based on r a d ia l v e lo c i t y  Analyses 

have n e c e s s a r ily  been confined  tm; the b r ig h ter  s ta r s  - , u su a lly  

th ose b r ig h ter  than the s ix th  m agnitude. I t  was w ith  t h is  in  

mind th a t :Mobre' and Paddock d ecided , a t the end of a programme 

of d eterm inations o f the r a d ia l v e l o c i t i e s  o f a l l  s ta r s  b r ig h ter  

than v is u a l  magnitude 5 . 3 1 » to  extend the o b serva tion s to  

in c lu d e  a sample group of fa in ter : s t a r s .

In order hot to  d u p lica te  determ inations  

of r a d ia l v e l o c i t i e s  being made at other o b s e r v a to r ie s , i t  was 

decided th a t , fo r  t h is  sample group, the members would be 

r e s t r ic t e d  to  .s ta r s  o f photographic; magnitudes between 8 ,5  

and8 ,6  in  the H.D. ca ta lo g u es and of sp e c tr a l types F to  M,

The o b serv a tio n s were commenced in  Ju ly  1928 and;com pleted in  

December 1957, The s ta r s  used were s e le c te d  on the b a s is  

o f a random d is tr ib u t io n  of the l in e  o f s ig h t ,  thus g iv in g  

a f a i r ly  uniform d is tr ib u t io n  over the sky north o f d e c lin a t io n  ,
o

-21  , For the F ,G and Kp -  K̂ . s ta r s  a fu r th er  r e s t r ic t io n  was



requ ired  to  g iv e  a t o t a l  number th at might be observed in  a 

reasonable tim e . For th ese  s t a r s , only th ose ly in g  in  the 

even zones o f d e c lin a t io n  were s e le c t e d .  In a l l ,  820 fa in t  

s ta r s  were observed .

For the determ inations of the v e l o c i t i e s  

s in g le  prism spectrographs were used, the d isp e rs io n  being  

75 A per mm, Afurther 260 b r ig h t s ta r s  whose r a d ia l v e l o c i t i e s  

had p rev io u sly  been determined w ith  the th ree prism M ills  

spectrograph were a lso  included  in  the s in g le  prism o b serv a tio n s . 

These a ta rs  were used to  reduce the s in g le  prism  determ inations . 

to  the L ick .th ree  prism system .

I t  was found to  be g e n e r a lly  s u f f ic ie n t  to, 

take two p la te s  fo r  each s t a r ,  although o r ig in a l ly  three per sta r  

were tak en . The p la te s  wCflTe measured by Paddock and M ille r , 

the average probable error of one ob serva tion  being found to  be, 

fpr u n it  w eight , 3 ,6  km, per s e c .  The ca ta logu e o f th e ir

p o s it io n â , m agnitudes, r a d ia l v e l o c i t i e s ,  s p e c tr a l c la s s e s  

and lu m in o sity  c la s s i f i c a t io n s  -  from the ” A tla s  of S t e l la r  

S pectra  ** by Morgan, Keenan and Keliman (^) -  was prepared  

fo r  p u b lic a tio n  (2) by N,U,M ayall a f te r  the retirem en t of 

Dr. Paddock and the death o f Dr, Moore,

. B e s i d e s  p u b lish in g  the c a ta lo g u e , i t s  

com pilers a lso  gàve d e t a i l s  of an a lyses fo r  the so la r  mhtion 

and fo r  the g a la c t ic  r o ta t io n  of the G lass I I I  g ia n ts .



In the a n a ly s is  fo r  the s o la r  motion the m ateria l 

was d iv id ed  in to  th ree groups - lu m in o s i t y  c la s s e s  II  to  I I I -I V ,

IV and V. F ive s ta r s  w ith  v e l o c i t i e s  g rea ter  than oO km, per 

second, 63 of v a r ia b le  or p o ss ib ly  v a r ia b le  v e lo c i t y ,  ?4 s ta r s  

of lu m in o sity  c la s s  V i n  the sp e c tr a l ranges Fo -  F4 and G5 -  K4 » 

3 s ta r s  o f lu m in o sity  c la s s  Ib and 9 o f u n c la s s if ie d  lu m in o s it ie s  

were exclu ded , le a v in g  666 s ta r s  for the a n a ly se s . The group 

o f  74 s ta r s  of lu m in o sity  c la s s  V o f  which 62 were i n  the  

s p e c tr a l  group. Fo -  F4 ad 12 i n  the G5 -  %4 group,appear to  

have been om itted because th e ir  lu m in osity  c la s s e s  were u n certa in .

The r e s u lt s  o f the an a lyses -  the method used  

was not s p e c if ie d  -  are g iven  in  Table I .

" TABLE I  '

C lass Vo (km, s e c , ) A q Do K No. o f  
S t a r s

381I I  to  
I I I - I V . 24.2 ± 1.8 282°.2 Ï  3 * .2 4 6 ° , 7 -  2 ° . 3 1.5 -  1.1

IV 22.0 2.3 275° .7 6 ° .  4 43° . 6 3 * .0 3 . 0 1.5 139

V
(F 5“G4 5

18.7 3.11 285°.0 9 ° .  5 4 3 ° .0 3 ° . 0 - 2 , 0 146

Because o f  the high, probable erro rs ,n o  v a r ia tio n s  

between the lu m in o sity  groups can be e s ta b lish e d ,a n d  the  

determivAations a l l  l i e  w ith in  th e ir  probable e r r o r s , A mean 

apex was th erefo re  taken at Aq = 280° , Dq = 4 4 ° .3 w ith ,fo r

each group,the v e lo c it y  found above. This was used in  f in d in g



the r e s id u a l v e l o c i t i e s .  The main f e a t jitb o f the above. i s  the  

rath er high va lue found for the d e c lin a t io n  o f the so la r  apex.

A fter th is  a n a ly s is ,  an attem pt was nade to  

see  whether there was any evidence of g a la c t ic  r o ta t io n  e f f e c t s  - 

fo r  the g ia n ts  -  th e ir  Biean d ista n ce  being found to  be 300  

p a r se c s . For t h is  a n a ly s is ,348 s ta r s  o f lu m in o sity  c la s s e s  , 

between Ï I - 1 I I  and I I I - I V  were used . The f i r s t  so lu t io n  was 

fo r  the so la r  motion and fo r  g a la c t ic  r o ta t io n , a zero K term  

being assumed and the centre p f  r o ta t io h  taken at g a la c t ic  

lo n g itu d e  323 . The r e s u lt s  were I-

Vo = 2 4 .7  i  3 .3  kin. per s e c .  , Aq = 2 8 l° .9  -  1 ° .5  

(2 4 .2  1 . 8 ) (2 8 2 ° .2  3° . 2 )

Do = > 4 1 °,3  -  0 ° ,9  and rA =: >-4,2 1 ,9  km. per s e c ,

(> 4 6 ? ,7  2 ° , 3 )

, The s o la r  motion i s  thus alm ost e x a c t ly  the

same as fo r  the f i r s t  group in  the previous a n a ly s is  -  i t s  

r e s u lt s  being  g iven  in  brack ets above, A second s o lu t io n  w as. 

now made using the r a d ia l R esidual v e l o c i t i e s  a f te r  removing a 

s o la r  motion Of 2 4 .2  km, per s e c ,  towards the mean apex derived  

from the f i r s t  a n a ly s is .  In t h is  a n a ly s is  on ly  a ta rs  between 

g a la c t ic  la t i t u d e s  -26 and +20 were use d -  in  a l l  147 s t a r s ,

The r o ta t io n a l con stant was d er iv ed ,a s  was Jghe lo n g itu d e  of the 

cen tre o§ r o ta t io n . The r e s u lt s  were — rA = 6 .7  -  1 .3  km.per s e c . 

and Lo -  309^ .2 -  7^ .0  w hich .value fo r  rA agrees w ith  the usual 

value o f  A(17 to  20k m ,sec.) the d istan ce  being  300 p a r se c s .
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There are two main fe a tu r e s  o f in t e r e s t  in  the 

above r e s u l t s .  They are th at the va lu es for the so la r  motion 

show s ig n if ic a n t  in c r e a se s  over Smart and Greenes (3 ) r e s u lt s  

fo r  the s ta r s  o f S ch lesin g er^ s "Catalogue o f Bright S tq r s” (1930^. 

The l im it in g  magnitude of th is  la t t e r  cata logu e was about 6 .5 ,*  

For the so la r  speed Smart and Green fo u n d ,fo r  th e ir  A to  M 

group ,a  value of 18 ,20  km. per s e c ,  Whereas the Lick r e s u lt  i s  

about 23 km, per s e c .  The Lick r e s u lt s  a lso  in d ic a te  an in crea se  

of some 12° in  the, d e c lin a t io n  of the apex and. about 10° in  i t s  

R.A, This may w e ll  be a m a g n itu d eeffect,o r  e l s e  i t  may a r is e  

aaim izy s o le ly  because so few s ta r s  were used in  th e  Lick  

d eterm in ation . I t  was th erefo re  decided th a t an a n a ly s is  o f  

the Lick m a ter ia l would be made , w ith^as i t s  main o b je c t , the 

determ ination  of the con stan ts o f the v e lo c i t y  e l l ip s o id  -  to  

be ab le to  compare them w ith  those from the fa in t  s ta r  volume 

o f the Cape A strographic Zone C atalogue, A lso , i t  was decided  

to  make a new s o lu t io n  for  th 3 so la r  motion by the method used  

by Smart and Green, The two s e t s  of r e s u lt s  fo r  the so la r  motion 

cannot r e a l ly  be compared u n le ss  they have both been made by 

the same method, and the method used by the L ick in v e s t ig a to r s  

i s  u n sp e c if ie d .

Because there were so few s ta r s  a v a ila b le  for  

a n a ly s i s , i t  was decided gthat the m ateria l would h o t be d iv id ed  

in to  groups as was the case in  the Lick a n a ly se s , s in c e , in  the



s t a t i s t i c a l  methods of a n a ly s is  to  be u s e d ,i t  i s  n ecessary  

th a t the d is tr ib u t io n  of the s ta r s  ov er the reg ion s be 

uniform; This i s  the case for  a l l  the s ta r s  which were s e îè c te d  

to  g ive  a uniform d is tr ib u t io n  over the area o f the skÿ covered* 

A d iv is io n  of the m a ter ia l in to  groups would d estroy  th is  

u n ifo rm ity . F urther, the d iv is io n  of the m a ter ia l in to  the 

groups used in  the Lick an a lyses would mean that,w hen the sky 

was d iv id ed  in to  reg io n s fo r  a n a ly s is  ,th ére  would be too  few 

s ta r s  in  many of: the reg ion s to  g ive  accurate ; means fo r  the  

v e l o c i t i e s , ,

For th ese  reasons a l l  820 s ta r s  were used in  the 

a n a ly se s . The primary in te n t io n  was the determ ination  o f the 

co n sta n ts  o f the v e lo c ity  e l l ip s o id  and the a n a ly s is  for  the  

s o la r  motion, was repeated  by the method used by Smart and Green, 

f ir s t ly ;b e c a u s e  the Lick r e s u lt s  did not apply to  a l l  820 s t a r s ,

and secondly , so th a t the r e s u lt s  of the a n a ly s is  nii^ht be

e x a c t ly  co m p ta b le  w ith  those of Smart (^) fo r  the s ta r s  o f  

S ch les in g er* s  c a ta lo g u e . Although, because of th e lim ite d  

number of s ta r s  a v a i la b le , n o ,g rea t s ig n if ic a n c e  could be

attached  to  the r e s u l t s , i t  was hoped th a t the r e s u lt s  derived  ;

might in d ic a te  fe a tu r e s  wotthy of more d e ta ile d  a n a ly s is  when 

the Mount W ilson cata logu e of ra d ia l v e l o c i t i e s  was p u b lish ed , 

to  which a n a ly se s , t h is  in v e s t ig a t io n  was in tended  to  serve as 

a p i lo t  - in v e s t ig a t io n .
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4 .
The f i r s t  sta g e  of the investigatibn '^ w as the

deternijwàatioh o f the elem ents o f the so la r  motion for the 820 

s t a r s .  No s ta r s  were om itted ,

. The method used was th at g iven  by Smart ( ^ ) .

This i s  a  m o d ific a tio n  of the method used;by Campbell and takes  

in to  co n sid era tio n  the sy stem a tic  co r re c tio n s  requ ired  by the 

use o f la rg e  reg ion s in  the an a lyses and areas of the sky as 

la rg e  as 1000 square degrees can be used , thus reducing the  

number of equations of co n d itio n  from se v e r a l hundred to  two 

score  or s o .

F ir s t  of a l l , t h e  sky,was d iv id ed  in to  34 r e g io n s , 

according to  g a la c t ic  la t i t u d e , as f o l lo w s , '

Region L im its of G al. L atl, L im its of H al, Long,
. A , ' . ,.;+60° . to  : +90° ■ : ; 90°to  270°" V

S; , +60 to  +90 270 to  90 ,

;; B ' ; +30 3=6 +60 90 to  150
y' ;::.+3Q'(. t o \  +60 ' i p  to  210

, D +30 to  +60 : 210 to , ,2 7 0 ;
; +3 0 \ , to: +60 270 to  330

. '"9- +30: to  +60 330 to . 30;.
V +30 to  +60 30 to  90

: >  ; - . ' + 10 ,̂ , t o  .+.3 0 ; ; 90 150  ,.

'  ' ■ ' ■ t i  ^  , ' v . ' v  ; .130 . .  to 210
: ( y . y:; - ^  +1,Q.' t o +3p 210 .to 270

; . ; +10 to  +30 , 270 to  330
V, “*■ +10 to  +30 ' 3 3 0 . to  30

v-„ . . “ , ■ t,o 90
* TV -A. -êt
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H -1 0 °  t o  +10° 90° t o  1 5 0 ° .

J  - ; iO  t o  ;+10 150  t o  210

K -1 0  t o  +10 210 t o  270

h  -1 0  t o  : +10 270 t o  330  :
- j  - -1 0  t o  +10 330  t o  30  .

■ • ' k  : , ;- io  ; t o ;  +1 0 -  - 3 0  t o ; /  90

,L . . - 3 0  t o  - 1 0  90 t o  150

, V  ;  , M V :  -3 0  t o  , -1 0  150  t o  2 l o

. , . ' h ' ' ; - 3 0  t o  -1 0  210 t o  270

e -3 0  t o  - 1 0  270  t o  330

. . f  ; - 3 6 .. t o  -1 0  330  t o  3 0 ; :

g -3 0  t o  -1 0  30  t o  90

P -6 0  t o  -3 0  90 t o  150

Q -6 0  t o  -3 0  130  t o  210

. /  R . . -6 0  t o  -3 0  210  t o  270

b ^  r 60 t o  / - 3 0  270 t o  330

c -6 0  t o  "3 0  33,0 to ,  . 30

V d -6 0  t o  -3 0  30  t o  90

S -9 0  t o  -6 0  9 0 . t o  270
a  , - 9 0  t o  -6 0  27 0 t o  90

F o r  e a c b j r e g i o n  th e  a l g e b r a i c  sum o f  th a  

c a t a l o g u e  r a d i a l  v e l o c i t i e s  was fo rm ed  and  t h e n  a n t i p o d a l  a r e a s  

w ere  c o m b in ed . The v a l u e s  of^TR and  t h e  num bers o f  s t a r s  f o r  

e a c h  r e g i o n  a r e  g iv e n  i n  T a b le  X I, From t h e s e s  t h e  e q u a t i o n s  

o f  c o n d i t i o n  f o r  e a c h  le g io n  w ere fo rm ed  and  s o l v e d  by  th e  

m ethod  o f  l e a s t  s q u a r e s  f o r  t h e  e le m e n ts  : o f  t h e  s o l a r  m o tio n



and  f o r  th e  IC term . In  t h i s  s o lu t io n ,  th e  c o r r e c t i o n s  Og ? f o r  

th e  s i z e s  o f  th e  r e g io n s ,  were o m it ted . The b a s i c  equa.tion o f  

c o n d i t io n  u sed  w a s :-

l .X  e  m.T + n .2  + K = I  . 2 ! e (1)

TàBffi 11

Region N Region £.R N
a 3 11 s -286 32
A 41 26 S + 90 11

b 0 0 P + 33 32
B “383 40 P +62 29
0 -198 13 1 -612 27
C +121 39 Q +491 22
d -190 33 r -343 28
B +133 29 R 0 0

e 0 0 1 + 37 8
E -168 30 X -237 38
f -223 22 m -682 34
F +624 36 M +276 26
g -437 37 n -495 33
G +227 11 N 0 0

Region £ R N
h 0 0
H + 58 21
j -302 44
J +1086 36
k "974 46
K 0 0

The Isolations o f  th e  normal equations w ere:-

Vo = 33^38 .kiiuper s e c . ,  Go = $ So
Xi.as ''

K te rm  o f  ,:;Ûrl8 km .per sec*
+ f. o

^l®r5 v/ith a
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From th e  v a l u e s  t h u s  d e r i v e d ,  t h e  v a l u e s  o f  t h e  

c o r r e c t i o n  Cz.w ere now c a l c u l a t e d  from  i t s  l i t e r a l  e x p r e s s i o n ! -

% -M- " # AI «KW ig  I g»»-S—%' ■ ' «»K

Gz = Vo.s i n  go.s i n  g (1 -  co s  .6 )

/„  _ \ \   ̂ s i n  0 [rq + s in 2 8 c o s 2 e  i
+ Vo. co s  g o . c o s  g .oosCG o -  G )^  1 \  : > s l n 6 c o s ^ g  /

.  . . . . ( 2 )

w h e r e ! -  0 i s  h a l f  t h e  w id th  o f  t h e  r e g i o n  i n  g a l a c t i c  l o n g i t u d e  

and 0 t h e  h a l f - w i d t h  i n  g a l a c t i c  l a t i t u d e .  The v a l u e s  c a l c u l a t e d  

f o r  Gz a r e  g i v e n  i n  T a b le  I I I ,

TABLE III

a * 1 .1 8 4 4 g - 0 .7 9 6 8 n - 0 .8 7 8 8
b +0 .2 7 9 4 h + 0 .18 47 P - 0 .1 0 0 6
c - 0 .1 6 3 5 j - 0 .7 3 0 6 q - 0 .5 4 3 5
d - 0 .2 5 2 9 k - 0 .9 1 5 3 r - 0 .6 3 2 9
e + 0 .2 1 0 1 1 +0 .1 2 8 0 s +0 .6 6 5 6
f - 0 .6 2 7 7 m - 0 .7 0 9 7

These  c o r r e c t i o n s  were now i n s e r t e d  i n  t h e  n o rm al 

e q u a t i o n s ,  t h e  e q u a t i o n  o f  c o n d i t i o n  f o r  a  s i n g l e  r e g i o n  how b e in g , -

■ . l.X + m.y + tt.Z.= + Cz .........(3)

The r e v i s e d  e q u a t i o n s  were now s o l v e d ,  th e  s o l u t i o n s  w e r e ! -

-Q___

Vo = 2 2 .3 1  ± 1 .2 0  k m , / s e o .  ; A = 2 8 0 ° .0  ± 5 ° . 8  ; D = + 4 ? ° .9  ± 2 ° . 8

K = + 1 .1 7  0 .7 9  k i n . / s e o .  ç G = 4 4 ° .3  3 ° . 5  , g = + 2 0 ° .4  3 ° . l

F o r  c o m p a r is o n  t h e  mean L ic k  r e s u l t s  were. Vq = 2 2 . 44kïn, p e r  s e c

Ac = 280 . and  Dq = 44 ,5- • The two s o l u t i o n s  t h u s  a g r e e  w e l l



and t h e  p o s s i b l e  m a g n i tu d e  v a r i a t i o n s  a r e  s t i l l  a p p a r e n t . .

F o r  t h e  d e t e r m i i i a t i o n  bfi t h e  c o n s t a n t s  o f  th e  

v e l o d i t y  e l l i p s o i d , t h e  same, d i v i s i o n  o f  t h e  sk y  was u s e d  a s  

i n  t h e  s o l a r  m o tio n  a n a l y s i s .  The m e th o d .u s e d  was t h a t  d e v e lo p e d  

by  Sm art and  C h a n d ra s e k h a r  ' arid a p p l i e d  by S m art t o  t h e

r a d i a l  v e l o c i t i e s  o f  S c h l e s i n g e r * s  c a t a l o g u e .

F i r s t , t h e  o b s e r v e d  r a d i a l  v e l o c i t i e s  w ere 

c o r r e c t e d  b y  an  amount Gg -  K from  th e  r e s u l t s  o f  t h e  above 

a n a l y s i s .  The mean r a d i a l  s p e e d s  f o r  e a c h  r e g i o n  w e r e . t h e n  

fo rm ed  -  w h ich  we d e n o te  by. . §o . The v a l u e s  o f  5o a r e  g iv e n  

i n  T a b le  IV a lo n g  w i t h  t h e  num bers o f  s t a r s  p e r  r e g i o n .

R é g io n No
■ TABLE ly. . _ . 
N t R eg io n  Rn I n

?  ' l  a 1 5 .8 4 57 k 2 5 .5 0 46
! b 2 1 .5 0 4o 1 1 8 .8 9 46

. C 1 9 .2 5 54 m 2 4 .5 2 60
r. i d 1 4 .2 9 64 n 2 0 .2 9 35
■■ 1 ® 2 5 .9 1 50 P 1 6 ,1 0 61

i \ f 2 5 .6 2 58 q 2 9 .1 9 49
, . h  g 2 2 .4 4 48 r 1 9 .2 1 28

h 2 1 .7 1 21 s 1 5 .3 6 43
: j 2 2 .5 9 100

N e x t ,  f ro m  t h e  e le m e n t s  \o f th e  s o l a r  m o t io n  d e r i v e d  a b o v e ,  t h e

q u a n t i t i e s  Vo cos% w ere c a l c u l a t e d ,  Vo b e in g  t h e  s o l a r  v e l o c i t y

and  t h e  a n g u la r  d i s t a n c e  from  th e  c e n t r e  o f  t h e  r e g i o n  t o  t h e

s o l a r  a p e x  o r  a n ta p e x , . .w h ic h e v e r  i s  ifecK l e s s  t h a n  90 . T hese

v a l u e s  w ere t h e n  u s e d  i n  c o n j u n c t i o n  w i t h  t h o s e  o f  Rq t o  f i n d

th e  v a l u e s  o f  a  q u a n t i t y  t ,  w here  ■, t  = S r— , \
<■- Vo cosX  - . -



The m ethod  now i s  t o  s o l v e  th e  e q u a t i o n

t  =  i . F ( g ) ,  . #   . . ( 1 )

w h e r e  F ( § )  = e  ^ +2g  \  e ^     . ( 2 )

f o r  The V a lu e s  o f  t  c o r r e s p o n d i n g  t o  v a r i o u s  v a l u e s  o f  g 

have  b e e n  t a b u l a t e d  by  S m a r t ( 4 ) . The m ethod  o f  s o l u t i o n ,  o f  

t h i s  e q u a t i o n  d e p en d s  on t h e  v a lu e  o f  t .  F o r  l a r g e  .v a lu e s  o f  

t  » t h a t  i s  V g r e a t e r  t h a n  5» th e  e q u a t i o n  c a n  be w r i t t e n  

t o  a  s u f f i c i e n t  d e g re e  o f  a c c u r a c y . -

t  = I  + g ' # •    ( 3 )

H e n c e , by o b t a i n i n g  t h e  a p p ro x im a te  v a lu e  o f  ^  f o r  t h e  v a lu e  

o f  t ,  f rom  S m a r t ' s  t a b l e , w h m c h  w i l l  be d e n o te d  by gq , we

: ■ Go

F o f  s m a l l  v a l u e s  o f  t  t h e  e q u a t i o n  m ust be  s o l v e d  g r a p h i c a l l y .

H av ing  t h u s  O b ta in e d  t h e  v a l u e  o f  £  f o r  

e a c h  r e g i o n - t h e  q u a n t i t y  C cam t h e n  be c a l c u l a t e d ,  C b e i n g  g iv e n  ,

We t h u s  o b t a i n  f o r  .e a c h  r e g i o n  an e q u a t i o n  o f  c o n d i t i o n  o f  th e

fo rm  -  ' ■ . ■- ..
P + q C0S2G t  a  sinZG  = C . ;   (6 )

w h e r e ;  p  = + - |   ̂ 1 ..̂ + |  ^ ---------- ---------



The m ethod  now i s  t o  s o l v e  an  e q u a t i o n

t  -  g gg  g F (

:\r\j vr-’c c .: ^

\ fÏ r:;r
‘î ■ ' .

" t ' .T  ', -  -

r'üC,

Î.■' :' Aî  —

-A /.

■ P A A - : V  A': p A T y / A A " ;  a A ; ;■ A T  ■• ' *. V- A.AT.  ;. .̂  ' :

A A A ".Au a;o Ù .-y.- 'A’ a

'; A; A ‘' A ■ ■ A
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Q = -  I -  -  icos^-g c o s 2Go  ( 8 )
a \ K H /

R = -  / -  -  -  \ c o 8^g s i n 2Qo   ( 9 )
2 \ k’' h V

I t  i s  a s su m e d  i n  t h i s  work t h a t  bbe m a jo r  a x i s  o f  t h e  v e l o c i t y  

e l l i p s o i d  l i e s  i n  t h e  g a l a c t i *  p l a n e . ,  a t  l o n g i t u d e  Go.

The v a l u e s  o f  t ,Ç  and C f o r  e a c h  r e g i o n  a re  g i v e n  i n  T a b le  V,

TABLE V

T  ‘S É sis T  “I É isis
I  I 'M  o ' a 832 l 6 8 Î ; S o  p 1 8 ;? 0  0 .0536 810.552
f  3 .67  0.297 1473.500 q 3 .1 9  0 .3 5 2  2129.906

: : : % 7  : i ::8 0:96b ib ib ê
j 2 .6 8  0 .446 1 1 2 5 .4 3 5
g 2 .84  0.4118  1 1 1 3  r  1 .8 4  I . 0 6 3 0  2 7 8

h 2 0 . 0 5  0 , 0 5 0 0  1 5 0 5  8 1 . 8 8  0 . 9 5 0 0  1 7 1

j 2 . 6 3  0 . 4 5 8 0  1 1 2 6

A number o f  s o l u t i o n s  by g a l a c t i c  z o n e s  were made a s  w e l l  as  f o r  

hbe w h ole  s k y .  The r e e u l t s  a re  g i v e n  i n  T a b le  V I .  For co m p a r iso n  

th e  r e s u l t s  o b t a in e d  by Smart (^ )  i n  h i s  o r i g i n a l  a p p l i c a t i o n  

og  t h i s  method a r e  g i v e n  i n  b r a c k e t s .  The r e s u l t s  from  S m a r t 's  

a n a l y s i s  h ere  u se d  a re  t h o s e  f o r  s t a r s  o f  s p e c t r a l  t y p e s  A t o  M,

 ̂ he sofuhon f o y  RjL/. sé'ars j > e r  • fei/‘nf'ie>n from f9f*r>»s



ZONE

O'

20 '

4 5 '

ALL

No .
o f  S a t r s

167 !
(6 1 9 )  !

277 :
(9 8 1 )  !

( lB § § )

820
(2668)

TABLE VI
- 1 K

u _  K hh ____
3 7 ,7 8 3 2 .2 4 0 .8 5 3

(3 3 . 7 0 ) ( 2 0 . 9 0 ) (0 . 6 1 9 )

3 9 . 6 3 *1 .7 8 3 1 . 73*2 .8 1 0 . 801*0 .1 5 9
(3 0 . 1 0 ) ( 2 6 .4 0 ) ( 0 . 8 7 9 )

5 3 .6 3  5 .8 9 1 9 .1 7  7 .4 8 0 ,3 5 7  0 .1 6 5
( 3 7 .2 0 ) ( 2 2 .1 0 ) ( 0 .5 9 4 )

4 0 .9 8  4 .6 1 2 7 .7 4  2 .3 2 0 .6 7 7  0 .1 2 7
(3 3 . 7 0 ) ( 2 3 . 1 0 ) ( 0 .6 9 7 )

0,

2 98°1
( 3 4 0 .5 )

3 2 7 ° 9 i l 7 ? l
(3 3 2 9 2 )

3 4 4 °6  11?1 
(3 3 8 9 8 )

3 3 1 °4  6 °4

6 . . : . ;  ' V  : . - ,
The r e s u l t s  o f  t h é  a n a l y s e s  c a n  now be c o n s i d e r e d .  

F i r s t l y  t h e  s o l a r  m o t io n .  I t  i s  s e e n  t h a t  t h e  L ic k  r e s u l t s ,  

d e r i v e d  in . some o t h e r  way t h a n  t h a t  h e r e  e m p lo y e d ,  a r e  f u l l y  

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

and t h e  d e c l i n a t i o n  o f  th e  s o l a r  a p e x .  T h e re  i s ,  h o w e v e r ,  no ; 

d e f i n i t e  i n d i c a t i o n  o f  any  g r e à t  change  i n  t h e  R;A, o f  t h e  . 

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

h t e  s o l a r  a p ex  a p p e a r s  w e l l ,  i t s .  p r o b a b le  e r r o r  i s  shown by th e  

L ic k  r e s u l t s  t o  be o f  th e  o r d e r  o f  ? , 5 ,  o r  s o i  The change  

i n  t h e  s o l a r  v e l o c i t y  i s ,  h o w e v e r , s u p p o r t e d  t o  some e x t e n t  , 

by  t h e  r e s u l t s  f o r  t h e  s o l a r  m o t io n  d e r i v e d  f ro m  t h e  f a i n t . s t a r s  

i n  t h e  Gape A s t r o g r a p h ic  Z one .

F o r  t h e  v e l o c i t y  e l l i p s o i d  t h e r e  a p p e a r s  t o  be 

e v id e n c e  o f  a  m a g n i tu d e  e f f e c t ,  b u t  a s  t h e  amount, ofi t h e  o r i g i n a l  

d a t a  was so  s m a l l ,  i t  c a n n o t  be t a k e n  a s  d e f i n i t e , T h e r e  a r e ,



h o w e v e r , , a n u m b er-p f  f e a t u r e s / w h i c h  s u g g e s t  th e  n e ed  o f  f u r t h e r  

e x a m in a t io n  when t h e  Mount W ilso n  m a t e r i a l  i s  a n a l y s e d ,  ;
; Compared t o  th e  b r i g h t e r  s t a r s  a n a l y s e d  by S m a r t ,  • 

t h e  m ain  f e a t u r e '  i s  th e  g r e a t e r  v a l u e s  o b t a i n e d  f o r  l^K  and l^H, -  

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

e l l i p s o i d  a r e  g r e a t e r  f o r  t h e  f a i n t ;  s t a r s  t h a n  f o r  t h e  b r i g h t  s t a r s .  

T h is  i s  t o  be e x p e c te d  f ro m  th e  l e s s e r  amount o f  m a t e r i a l  a v a i l a b l e  

and fro m  th e  g r e a t e r  u n c e r t a i n t i e s  i n  th e  s o l a r  m o t io n .  F u r t h e r ,  

th e  s o l a r  m o tio n  f ro m  th e  w hole  sk y  was u se d  and  n o t  th e  v a lu e  

f o r  e a c h  l a t i t u d e  z o n e , F o r  t h e  4 5 °  z o n e ,  a  m arked  change  i n  t h e  

a x i s  r a t i o  i s  fo u n d ,  b u t  th e  p r o b a b le  e r r o r s  a r e  so  g r e a t  t h a t  i t  

becom es o f  l i t t l e , i f  a n y ,  s i g n i f i c a n c e .  S i m i l a r l y ,  th e  v a r i a t i o n s  

i n  th e  l o n g i t u d e  o f  t h e  m a jo r  a x i s  c a n n o t  be t a k e n  a s  s i g n i f i c a n t ,  .

T h e - o n ly  r e s u l t  t o  w h ich  any  w e ig h t  can  be a t t e a c h e d

i s  t h a t  f o r ;  ALL s t a r s  -  t h e  i t e r a t i v e  s o l u t i o n .  H e re ,  th e  a x i s - r a t i o  

a g r e e s  w e l l  w i t h  S m a r t ' s  v a lu e  -  w h ic h ,  h o w e v e r ,  i s  t h e  mean o f  h i s  

zone r e s u l t s  -  and  a g a i n  t h e  d i s p e r s i o n s  a r e  g r e a t e r .  F o r  th e  

l o n g i t u d e  o f  th e  m a jo r  a x i s ,  e s p e c i a l l y  a s  r e g a r d s  th e  d e v i a t i o n  

from  th e  c e n t r e  o f  th e  g a l a x y ,  th e  f a i n t  s t a r  r e s u l t  i s  q u i t e ,  

i n c o n c l u s i v e , b e in g  6 ° , 4  i  6 ° , 4   ̂ t h e  c e n t r e  b e in g  t a k e n  a t  5 2 5 ° .

Thus a s  w i th  t h e  p r o p e r  m o tio n  r e s u l t s ,  th e  o n ly  

d e f i n i t e  e v id e n c e  o f  a  m ag n i tu d e  e f f e c t  i s  i n  th e  s o l a r  v e l o c i t y .  

T h is  r e s u l t  f o r  t h e  r a d i a l  v e l o c i t i e s  i s  p e r h a p s  p r e f e r a b l e  t o  
t h a t  f rom  th e  p r o p e r  m o t i o n s , s i n c e  th e  s o l a r  m o tio n  e le m e n ts  f o r  

th e  l a t t e r  d e p e n d y to  some e x t e n t , o n  th e  p o s i t i o n  assum ed f o r  t h e  

ap ex  i n  r e d u c i n g  them  from  r e l a t i v e  t o  a b s o l u t e  m o t io n s .

The o r i g i n a l  r e s u l t s  o f  t h e s e  a n a l y s e s  w e re '  -

com m unicated  to  t h e  R oya l A s t r o n o m ic a l  S o c i e t y  and p u b l i s h e d  i n  t h e

M onth ly  N o t i c e s  t h e r e o f , ( 7 ) ,  The r e v i s e d  r e s u l t s  g iv e n  i n  t h i s  
c h a p t e r  have a l s o  beem co m m un ica ted ,

(1)H ,R ,M organ,K e.enan and K e ilm ah , " A t l a s  o f  S t e l l a r  S p e c t r a "  , C h ic a g o ,
(2 )J .H .M oo rë  and G .F ,P a d d o c k .  A p .J .  1 1 2 ,4 8 ,1 9 5 0 .  ' ( 1 9 4 3 .
( 3 )W.M.Smart and H .E .G reen ,M .H . 9 6 , 4 7 1 , 1 9 3 6 .'
(4)V(.M.Smart, M.H. 9 9 ,6 1 ,1 9 3 9 .  -
(5)W.M.Sm,aVt-. M.W. 9 6 ,4 6 l ' i  1 9 3 6 .
(6)W.M.Sniai\t-and 8 . C h a n d ra s e k h a r .  M.M. 9 8 ,6 3 8 ,1 9 3 8 .
(7 )D .G .E w % t. M^W. 1 1 3 , 5 5 3 , 19.5 3 . '
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,CHAPTER IX

ANALYSES OF THE MOUNT WILSON "GENERAL CATALOGUE 

OF RADIAL VELOCITIES"

' ■

As s t a t e d  i n  t h e  p r e c e d i n g  c h a p t e r ,  t h e  a n a l y s e s  

o f  t h e  L ic k  r a d i a l  v e l o c i t i e s  were o f  th e  n a t u r e  o f  a  p i l o t  

i n v e s t i g a t i o n ,  f o r  t h e  p u rp o s e  o f  i n d i c a t i n g  f e a t u r e s  r e q u i r i n g  

more d e t a i l e d  i n v e s t i g a t i o n  when th e  n e c e s s a r y  m a t e r i a l  became 

a v a i l a b l e .

I n  th e  au tum n o f  1954» a  new c a t a l o g u e  o f  r a d i a l

v e l o c i t i e s  was p u b l i s h e d .  T h is  c a t a l o g u e , t h e  " G e n e r a l  C a ta lo g u e

o f  R a d i a l  V e l o c i t i e s " , was c o m p i le d  by R .E ,W i ls o n  (1 )  and  

t a k e s  t h e  p l a c e  o f  M o o re 's  c a t a l o g u e  ( 2 ) ,  I n  a l l  i t  r e f e r s  t o  

15 106 s t a r s  -  and  n e b u la e  and  a l s o  l i s t s  t h e  e m is s io n ,  l i n e , and

i n t e r s t e l l a r  v e l o c i t i e s .  N o r th  o f  d e c l i n a t i o n  - 5 0 ° ,  th e

c a t a l o g u e  a f f o r d s  a  good s t a t i s t i c a l  s a m p le ^  b u t  s o a t h  o f  t h a t  

d e c lm n a t io n  th e  m a t e r i a l  i s  l i m i t e d  by t h e  s m a l l  number 

o f  o b s e r v a t i o n s  u n t i l  t h e  new r e f l e c t o r s  a t.  C o rd o b a ,  P r e t o r i a  

and  Mount S t ro m lo  p r o v i d e  th e  n e c e s s a r y  o b s e r v a t i o n s .

B e s id e s  l i s t i n g  t h e  m a g n i tu d e s .  B oss p r o p e r  

m o tio n s  when a v a i l a b l e , and  s p e c t r a  t h e  l u m i n o s i t y  c l a s s i f i c a t i o n s  

a r e  g iv e n ,w h e n  p o s s i b l e , f o r  t h e  s t a r s  o f  s p e c t r a l  ty p e  l a t e r  

t h a n  A^ , T h ere  i s  no l i m i t i n g  m a g n i tu d e  and  t h e  c a t a l o g u e  

c a n n o t  be r e g a r d e d  a s  c o m p le te  a t a l l  , What may be th e  m a jo r  c/efect



JSO

i s  t h a t  f o r  t h é  f a i n t e r  s t a r s , r a d i a l  v e | i o c i t i e s  program m es a t  V 

d i f f e r e n t  o b s e r v a t o r i e s  a r e  g o v e rn e d  f r e q u e n t l y  by o t h e r  

c o n s i d e r a t i o n s  and  t h e  s t a r s  exam ined  a r e  o f t e n  members o f  a  

g ro u p  b e i n g  s t u d i e d  f o r  some o th e r ,  f e a t u r e  Of. r a s t r o p h y s i c a l .  

i n t e r e s t ^ :  I n  ^a p a p q r  d e s c r i b i n g  the- c a t a l o g u e /  Ç g), W ilso n  g i v e s /  À 

d e t a i l s  o f  ;' th e ;  d i s t r i b u t i o n  o f  t  he s t a r s  i n  t h e  c a t  a lo g u e  by  : ,V > 

s p e c t r a l \ c l a s s , I t  a p p e a r s v  t h a t  une num bers ' o f  0 : and  bB ty p e  s t a r s , 

o f  F t y p e , o f  G t y p e  i a n d  o f  ty p e  M a r e  a b o u t  e q m a l ,  t h e  F t y p e s  

h a v in g  t h e  f  ewe S t  me nib e r  s , whi 1 s t  t  he A typ es  a r e  r e p r e s e n t e d  by  an  

e x t r a  5 p e r  c e n t  ; Thé g r e a t e s t ; n u m b e r  o f  s t a r s  i s  f o r  t h e  K t y p e s , : 

t h e r e  b e in g  a b o u t  t w i c e  as  many o f  t h e s e  a s  o f  t h e  F t y p e s , T h ere  

a l s o  seem es  t o  be a  d e f i c i e n c y  o f  d w arf  K /and  M .ty p e  s t a r s .  Thus 

when t h e  f a i n t e r  s t a r s  a r e  a n a l y s e d , t h e r e  w i l l  p r o b a b ly  e n t e r  

a n  unknown s e l e c t i o n  f a c t o r ,

. A y a l u a b i e  f e a t u r e  o f  t h e  c a t a l o g u e  i s  t h a t  ; 

e a c h  r a d i a l  v e l d c i t y ; i s  a s s i g n e d  ,a: q u a l i t y  c l a s s i f i c a t i o n  b a s e d  

oh ( a ) ,  t h e  number o f  o b s e r v a t i o n s , (h )  t h e  d i s p e s i o n  o f  t h e  

s p e c t r o g r a p h  u s e d  and ( c )  ch t h e  i n t e r a g r e e m e n t  o f  t h e  v a r i o u s  . 

d e t e r m i n a t i o n s  * F iv e  c l a s s e s  a r e  u s e d , t h e  f i f t h  r e f e r r i n g  t o  

s t a r s  whose r a d i a l  v e l o c i t i e s ,  a r e  o f  v e r y  low  w e ig h t  and  v/hich; 

have  b e e n  i n c l u d e d e . o n ly  be cause ; t h e y  have  b e e n  p u b l i s h e  d , H ow ever, 

a b o u t  87: p e r  c e n t  a r e  o f  v a lu e  f o r  s t a t i s t i c a l  i n v e s t i g a t i o n s  

a l t h o u g h  lo w e r  w e ig h t s  m ust be a t t a c h e d  t o  31 p e r  c e n t  o f  t h e s e ,



The f i r s t  i n v e s t i g a t i o n  b a s e d  on th e  r a d i a l  

v e l o c i t i e s  o f  t h i s  c a t a l o g u e ,  and  w hich  i s  s t i l l  i n  p r o g r e s s ,  

i s  an  a n à l ÿ s i s  o f  t h e  v e l o c i t i e s  o f  t h e  0 and  t h e  B o -  By ty p e  

s t a r s ,  T t  i s  i n t e n d e d  t o  d e r i v e  ( a )  t h e  s o l a r  m o tio n  w i t h  

r e f e r e n c e  t o  t h e s e  s t a r s  (b )  th e  c o n s t a n t s  o | ’ g a l a c t i c  r o t a t i o n  

and  ( c )  t h e  c o n s t a n t s  o f  t h e  v e l o c i t y  e l l i p s o i d .  I n  t h e s e  

a n a l y s e s  t h e  i n t e r s t e l l a r  v e l o c i t i e s  w i l l  a l s o  be i n c l u d e d  

and  s o l u t i o n s ,  w i l l  be made ( a )  f o r  t h e  0 and, B s t a r s  a l o n e ,

(b )  f o r  t h e  i n t e r s t e l l a r  v e l o c i t i e s . a l o n e  and  ( c )  f o r  thw  com bined  

m a t e r i a l .  I n  t h e s e  a n a l y s e s  i t  i s  i n t e n d e d  t o  use. t h e  m e th o d  

o u t l i n e d  by  M i l n e (4 )  w here te rm s  a re  i n c l u d e d  f o r  t h e  p o s s i b l e  

e x p a n s io n  o f  t h e  g a l a x y , w i t h  a  K te rm  d e p e n d in g  bn t h e  d i s t a n c e .  

S o l u t i o n s  wi'3cL a l s o  be m ade, p r o b a b l y ,  on t h e  n o rm a l  ' p l a n e t a r y  

t y p e '  r o t a t i o n  t h e o r y .  F o r  t h e  a n a l y s i s  on M i l n e ' s  t h e o r y , i t  

w i l l  be n e c e s s a r y  t o  c o n d u c t  a. p r e l i m i n a r y  a n a l y s i s  t o  d e te r m x in e  

th e  ' l o c a l  s o l a r  m o t io n '  a s  t h i s  m ust be rem oved  from  th e  

v e l o c i t i e s  b e f o r e  th e  a n a l y s i s .  T h is  w i l l  have  t o  be d e te r m n ie d  

from  th e  n e a r e s t  s t a r s .  The e q u a t i o n  o f  c o n d i t i o n  w i l l  t h e n  

be o f  th e  f o r m ! -

p = + K2rcos'*-g + r , c o s ^ g s i h 2 ( G  Gq) • : P ,cos2X o

-  r . c o s 3 g .o b s 2 ( G  + Go);. P .s in 2 X o  . . . . . ( 1 )

H ere Xq i s  a  p o s s i b l e  d e v i a t i o n  o f  th e  c e n t r e  o f  r o t a t i o n  from  

t h e  c e n t r e  o f  t h e  g a la x y  Go w h ich  i s  d e r i v e d  by  o t h e r  m e th o d s ,

1̂ 2 i s  t h e  e x p a n s io n  f a c t o r  and K-j; a  p o s s i b l e  s y s t e m a t i c  e f f e c t



m

o f  a d c i d e n t a l . o r i g i n  i n  th e  c a t a l o g u e  r a d i a l  v e l o c i t i e s  and  , 

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

s t a r s .  ,

I n  t h e s e  e q u a t i o n s  t h e r e  e n t e r s  th e  f a c t o r  

r  -  t h e  mean d i s t a n c e  o f  t h e  g ro u p  o f  s t a r s  u s e d  i n  t h e  

s o l u t i o n .  To d e r i v e  t h e  v a lu e  o f  t h e  r o t a t i o n a l  c o n s t a n t , i t  

i s  n e c e s s a r y  t h a t  t h e  mean d i s t a n c e  be know n. To d e r i v e  t h i s ,  

two f a c t o r s  m ust be known -  th e  a b s o l u t e  m a g n i tu d e s  o f  t h e  

s t a r s  c o n c e rn e d  and  a l s o  t h e  amount o f  t h e  i n t e r s t e l l a r  

a b s o r p t i o n .  F o r  a  s i n g l e  s t a r  n e i t h e r  o f  t h e s e  f a c t o r s  a r e  

k n o w n ,b u t  f o r  a  g ro u p  o f  s t a r s  t h e y  c an  be d e r i v e d  s t a t i s t i c a l l y  

w i t h  a  f a i r  d e g re e  o f  a c c u r a c y .  T here  a r e  two ways i n  w h ich  t h e  

e f f e c t s  o f  i n t e r s t e l l a r  a b s o r p t i o n  c a n  be t a k e n  i n t o  a c c o u n t .  

From a  s t u d y  o f  t h e  r a d i a l  v e l o c i t i e s  o f  156 C e p h e id  v a r i a b l e s ,  

J o y ( 5 ) c o n c lu d e s  t h a t  a  mean a b s o r p t i o n  o f  0 ,8 5  ê S . p e r  p a r s e c  

i s  p r e s e n t .  The o t h e r  m ethod  i s  b a s e d  on t h e  u se  Of c o lo u r  

e x c e s s e s .  T hese  have b e e n  m ea su re d  by S t e b b i n s ,  B u f f e r  and 

W h it f io rd (^ )  f o r  Ï 332 B s t a r s ; a n d  th e y  f i n d  t h a t  t h e  a b s r p t i o n  

i s  r e p r e s e n t e d  by s e v e n  t im e s  t h e i r  c o l o u r  e x c e s s , T h is  l a t t e r  

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

by A l l (2 )  and  by KHKxs^ahd P r i e t o  (^ )  i n  t h e i r  a n a l y s e s  o f  

t h e  r a d i a l  v e l o c i t i e s  o f  t h e  B s t a r s .  T h is  m ethod  i s  t h a t  

u s e d  i n  th e  p r e s e n t  a n a l y s e s , ,  a d ju s tm e n t s  b e in g  made f o r  t h e  

r e v i s e d  s p e c t r a l  t y p e s  g iv e n  i n  t h e  Mount W ilso n  c a t a l o g u e .

The a b s o l u t e  a m g n i tu d e s  o f  t h e  B s t a r s  have



beexi d e r i v e d  by. à; number o f  a u t h o r s  i n  à  v a r i e t y  o f  w a y s , I n  

t h e i r  ,i n v e s t i g a t i o n s  ^ l i  and; P is m is  and , P r i e t o  used , th o s e ,  g iv e n  

by  S t e b b i n s ,  H u f f e r  and W h i t f o r d ( 6 ) b u t  P i s m is  and  P r i e t o  

c o n c lu d e  from  t h e i r  r e s u l t s  t h a t  t h e s e  m e a n ,a b s o lu t e  a m g n i tu d e s  

a r e  tOo g r e a t .  I n  t h i s  i n v e s t i g a t i o n  th e  mean a b s o l u t e , 

m a g n i tu d e s  d e r i v e d  by W ils o n ( 9 )  have be en  u s e  d . We t h e n  have

„ ; . l o g  r  = p.2(m, -  7% -  M) + 1 , . . ( 2 )

where r  i s  t h e  mean d i s t a n c e  o f  t h e  s t a r ,  E l  i s  i t s  c o l o u r  

e x c e s s  and  M i t s  mean a b s o l u t e  m a g n i tu d e .

T h is  m ethod  a p p l i e s  t o  t h e  s t a r s  common t o  

t h e  Mount W ilso n  c a t a l o g u e  and t h e  l i s t  o f  S t e b b i n s ,  H u f f e r  

and  W h i t f o r d .  F o r  t h e u s t a r s  n o t  on th e  l i s t  t h e  d i s t a n c e s  

a r e  fo u n d  by  t h e  m ethod  u s e d  by A l i  -  t h e  mean c o lo u r  e x c e s s  

can  be p l o t t e d  a g a i n s t  a p p a r e n t  m a g n i tu d e  f o r  a  g iv e n ,  s p e c t r a l  

ty p e  and  t h e  mean co lour,,  e x c e s s  f o r  e a c h  s ÿ a r  n o t  on t h e  l i s t  

th u s ,  d e r i v e d  a n d  hence  usë(53às above t o  o b t a i n  t h e  mean d i s t a n c e .

F o r  t h e , i n t e r s t e l l a r  l i n e s  i t  w i l l  be n e c e s s a r y ,  

a f t e r  d e r i v i n g  t h e  valm e o f  rA t o  assum e t h a t  t h e i r  d i s t a n c e s  

' a r e  h a l f  t h o s e  o f  t h e  s t a r  i n  whose s p e c t r u m  .th ey  a p p e a r .

The s t a r s  and  t h e  i n t e r s t e l l a r  l i n e s  w i l l  be g ro u p e d  by 

d i s t a n c e s  f o r  t h e s e  a n a l y s e s , ' I n  a l l  t h e r e  w i l l  be some 1620 

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

+20^ and  - 2 0 ° .  The number o f  i n t e r s t e l l a r  v e l o c i t i e s  i s  n o t  

. y e t  a s c e r t a i n e d .



^  As s t a t e d  above. A l l *s r e s u l t s ,  and  th o se  of

P ism is  and  P r i e t o ,  su g g e s t  t h a t  t h e  a b s o lu te  m agnitudes u sed  by  

S te b b in s ,  H u ffe r  and W hitfo rd  a r e  s y s te m a t i c a l ly  to o  g r e a t ,  and, 

on comparing W ilson * s a b s o lu te  m agnitudes w ith  th o s e  o f  S te b b in s ,  

H u ffe r  and W h itfo rd ,  t h e  d i f f e r e n c e  found i s  o f  a b o u t  th e  amount 

which vrould b r in g  A l i* s  r e s u l t s  i n t o  f u l l  agreem ent w ith  a  v a lu e  

o f  th e  r o t a t i o n a l  c o n s ta n t  o f  17 t o  20 km/sec/lcitjc/parsec. The 

changes i n  th e  s p e c t r a l  ty p e s  a s s ig n e d  t o  some s t a r s  between 

S te b b in *s l i s t  and W ils o n 's  c a ta lo g u e  w i l l ,  however, have l i t t l e  

e f f e c t ,  b u t  t h e  d i s t a n c e s  d e r iv e d  w i l l  p ro b ab ly  be  a f f e c t e d  by  a  

f u r t h e r  f a c t o r ,  namely, t h a t  i t  has been su g g es ted  by  Oort ( i p ) ,  

t h a t  th e  Gi c o lo u r s  u sed  b y  S te b b in s ,  H uffe r  and  W h itfo rd  r e q u i r e  

a  c o r r e c t i o n  o f  -  0*04 and  t h i s  has a l s o  been found  by Gascoigne (11) 

from h i s  d e te rm in a t io n s  o f  th e  r e l a t i v e  g r a d i e n t s  o f  166 so u th e rn  

s t a r s .  T h is  would have th e  e f f e c t  o f  d e c r e a s in g  th e  c a l c u l a t e d  

d i s t a n c e s  by  abou t lO^o. As th e  d i s t a n c e s ,  however, a re  no t 

p e r f e c t l y  de te rm ined , th e  change w i l l  no t have a  g r e a t  e f f e c t  

wtien i t  i s  r e c a l l e d  t h a t  f o r  t h e  0 -  type  s t a r s  an d  th e  em iss ion  

s t a r s  th e  a s s ig n e d  a b s o lu te  m agnitudes a re  o f  low w eight and t h a t  

t h i s  i s  even more th e  case  f o r  th e  *c* c h a r a c t e r i s t i c  s t a r s .

There i s  one o th e r  f a c t o r  wiiich may have a  g r e a t  

e f f e c t  on th e  r e s u l t s  -  t h a t ,  in  u s in g  M i ln e 's  th e o r y ,  th e  m otions 

must be co n n ec ted  f o r  th e  e f f e c t s  o f  th e  l o c a l  s o l a r  motion -  

w i th  r e f e r e n c e  t o  th e  n e a r e s t ,  and  b r i g h t e s t  s t a r s .  The q u e s t io n



th u s  a r i s e s  a s  t o  th e  v a lu e s  t o  be taken  f o r  t h i s  motion on th e  

v a lu e  d e r iv e d  from th e  n e a r e s t  0 and B s t a r s  o r  t h a t  from th e  

n e a r e s t  s t a r s  o f  ALL s p e c t r a l  ty p e s  -  and t h i s  l a t t e r  group i s  

much n e a r e r  th an  th e  fo rm er. T h is  c o r r e c t io n  may p o s s ib le  be 

found by  form ing f o r  each d i s ta n c e  group and g a l a c t i c  re g io n  i t ’ s 

e q u a t io n  o f  c o n d i t io n  of th e  form.

V ,(G ,g ) ^ Va (r,G-,g) = P .  (1)

where V, (G ,g) r e p r e s e n t s  th e  te ru i(s )  due t o  th e  s o l a r  motion and 

V ^ (r ,G ,g )  th o s e  r a i s e d  by g a l a c t i c  r o t a t i o n  and expansion . The 

normal p roced u re  would be t o  so lv e  th e  e q u a t io n s  o f  c o n c lu s io n  fo r  

each d i s t a n c e  group s e p a r a t e l y ,  th e  a p p ro p r ia te  s o l a r  motion fo r  

each  d is ta n c e  group b e in g  found. As on M iln e ’ s th e o ry  th e  s o l a r  

motion Component V ,(G ,g )  must be taken  a s  c o n s ta n t  i n  a  g iven  

re g io n  f o r  a l l  p o s s ib le  d i.s tance  g ro u p in g s ,  th e  b e s t  p rocedure  

may th u s  be t o  form th e  eq u a tio n  ( l )  fo r  each  d i s t a n c e  group and 

th e n  t o  make th e  s o lu t io n  f o r  a l l  th e  d i s t a n c e  groups and  not f o r  

each i n d iv id u a l  d i s t a n c e  g roup . Then th e  s o l a r  motion th u s  d e r iv e d  

can be removed from each  d i s t a n c e  group and th e  r o t a t i o n  and expansion 

e f f e c t s  d e r iv e d  f o r  each group s e p a r a te ly .

A n o rn a l  s o lu t io n  f o r  th e  s o l a r  motion f o r  each 

d i s t a n c e  group i s  a l s o  o f  i n t e r e s t ,  a s  t h i s  may y i e l d  more in  

fo rm ation  on th e  v a r i a t i o n s  found from th e  p ro p e r  motion a n a ly s e s  

d e ta ch e d  in  C hap ter IV*



Of sp ec ia l in terest a lso  w ill  be the determination 

of the constants of the v e lo c ity  e llip so id  since Tannahill (12) 

has found that the B stars do demonstrate the e f fe c ts  o f sta r-  

streaming contrary to  previous b e lie f s . I t  m i l  a lso  be of 

in terest to  find  whether these constants are e ffected  by 

Gorrectir© each star in d iv idually  for the e f fe c ts  of g a la c tic  

rotation  and expansion instead of treating  each group en masse*

i m r 3TüîL3:ar la m s.4 —------------ -—* ——
F in a lly  v/ith regard to the use of the in te r s te lla r  

v e lo c it ie s ,  one point a r ise s . Although they have the advantage 

that they are not a ffected  by the atars^froni the spectra  of 

which they are determined, being possib le c lu ster  members, their  

distances can not be d irec tly  determined, Generally they 

behave as though th e ir  origin was at half the distance of the 

"parent” sta r , but th is  depends on the d istribution  of the 

in te r s te lla r  m aterial, and the lig h t from, the star may have 

penetrated anything from one uniform spread of the m aterial to  

a number of individual clouds of material* Although, in  using 

these v e lo c it ie s ,  i t  i s  usually  assumed that yheir origin i s  at 

h alf the distance of the star concerned, wtiich i s  probably true 

for the whole number of sta rs, i t  w il l  be best to  analyse these 

v e lo c it ie s  as the s te lla r  v e lo c it ie s , using the undiminished 

stadiar d istances. The from a companion of the " s te lla r ” and

the * in terste lla r*  values of the rotational and expansion



c o e f f i c i e n t s ,  t h e  a v e rag e  d i s t a n c e s  o f t h e i r  o r ig in  can be 

de te rm ined  and used  in  th e  combined so lu t io n *  The, i f  t h e  ' s t e l l a r *  

v a lu e  o f  a  c o n s ta n t  i s ,  f o r  example, about tw ice  th e  ' i n t e r s t e l l a r *  

v a lu e ,  th en  th e  o r i g in  o f  th e  i n t e r s t e l l a r  l i n e s  can be taken  a s  

h a l f  t h a t  o f  t h e  mean d i s t a n c e  o f  th e  g roup o f  s t a r s .  I f ,  hov/ever, 

th e  * s t e l l a r *  v a lu e s  i s  m arkedly d i f f e r e n t  from tw ice  th e  

' i n t e r s t e l l a r *  v a lu e ,  i t  would n o t  b e  c o r r e c t  t o  assume th e  

i n t e r s t e l l a r  o r ig in  t o  be a t  h a l f  th e  s t e l l a r  d is ta n c e *
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CHAPTBH :X

THE RBLATIOH BETWEEN THÉ STHEAM AND .THE. ELLIPSOID CONSTANTS

' pne o f the fea tu res  of the an a lyses of the

proper motions o f the C .A.Z., ca ta logu es and  ̂the G .P^Z. ca ta logu es  

d escrib ed  in  th e 'e a r lie r :  c h a p t e r s i s  the agreement between  

the tw o -d r if t  and the e l l ip s o id  methods o f a n a ly sis; for the ; : ;  ̂

d ir e c t io n  pf the v er tex  : o f sta r-strea m in g  :ahd the so la r  m otion,

As the two methods o f a n a ly s is  are e n t ir e ly  d i f f é r a n t , the : 

agreemeht i s  o f grea ter  s ig n if ic a n c e ,  the tw o -d r if t  an a lyses  

having been p er fo rm ed ;b y ;fittin g  th e o r e t ic a l  curves to  the  

bbserved d is tr ib u t io n  cdrves o f the proper m otions in  p o s it io n  

an gle whereas the e l l ip s o id a l  an alyses were performed by an 

e n t ir e ly  num erical method. This agreement has been found in  

alm ost a l l  an a lyses o f proper motions tthat have been performed 

by both methods. I t  thus i s  to  be expected  th at i t  should be 

p o ss ib le  t o  d erive the con stants of one d is tr ib u t io n , from 

the observed con stan ts of the o th e r . Complete agreement 

between c a lc u la te d  and observed values o f such con stan ts i s  

not to  be exp ected , as the two J d is tr ib u t io n s  are not id e n t ic a l ,  

b u t, as the d iffe r e n c e  between the two i s  too sm all to  be 

d etec ted  from an a lyses of proper motions -  as; i s  ev id e n t from,



the fa c t  th a t no in v estig a tiio n s  have y e t g iven  any in d ic a t io n  : 

of any such d iffe r e n c e  - i t  i s  to  bê a n tic ip a te d  th a t i t  

should  be p o ss ib le  to  c a lc u la te  the va lu es o f  onw s e t  of 

con stan ts from the other to  a good degree of accuracy.

Before the. d er iv a tio n  o f such a r e la t io n  i s  

à tèéh p ted , i t  i s  p o ss ib le  to  ob ta in  à c e r ta in  amount of  

in form ation  from the r e s u lt s  of an a lyses of proper motions 

which w i l l  in d ic a te  the approximate nature o f the r e la t io n s h ip .

In an a lyses on th e , e l l ip s o id a l  th eory , the o b jec t o f the  

in v e s t ig a t io n s  i s  thé dèterm niation  of the a x is - r a t io  g y 

K and H being r e la te d  to  th e -d isp e r s io n s  o f the p ecu lia r  

l in e a r  v e lo c it y  components along and perpendicu lar to  the 

a x is  o f s ta r -strea m in g . In tw o -d r ift  an a lyses the f i r s t  determined  

q u a n tit ie s  are the d r i f t  v e lo c it ie s ,  r e la t iv e  to  the smn^and 

then,from  th e s e , the r e la t iv e  v e lo c ity  o f  the d r i f t s ,  -A , ,  

th is  la t t e r  being independant of the su n ’s m otion. The 

r e la t io n s h ip  w ill;:th u s be between the a x is - r a t io  and the r e la t iv e  

v e lo c it y  of the d r i f t s  , i , e . we w i l l , have : . V

This w i l l  apply both to  thé d is tr ib u t io n  over the whole sky 

and to  the d is tr ib u t io n  of v e lo c i t i e s  in  a sm all reg ion  of 

tebe sky, w ith c e r ta in  minor, m o d ifica tio n s . F urth er, for  a 

random d is tr ib u t io n  of the p ecu lia r  v e lo c i t i e s  the a x is - r a t io  

becomes u n ity  and the grea ter  the degree o f p r e fe r e n t ia l



motion the more the a x is - r a t io  tends to  ze ro , For the two- 

d r if t  d is tr ib u t io n , random d is t r ib u t io n .o f  the s t e l l a r  p ecu lia r  

l in e a r  v e l o c i t i e s  im p lies  zero r e la t iv e  v e lo c i t y  of the d r if t s ,  

w h ils t  large  r e la t iv e  v e lo c i t i e s  show a high degree og 

p r e fe r e n t ia l  m otion. Thus the expected  r e la t io n w il l  be of 

the form

K . 1 ' : . . . . . . ^ . . ( 2 )
H f  (jl)

where f (A) in cr e a se s  w ith  Xt ,

A fu rth er p o in t can be obtained  from the

ob serva tion  th a t the value o f the so la r  v e lo c i t y  in' th e o r e t ic a l

u n its  as derived  by the two methods o f a n a ly s is  from a g iven

proper motion a n a ly s i s , i s  the same for both methods of a n a ly s is ,

-  w ith in  the l im it s  of probable erro r . S ince in  the tw o -d r ift
1

a n a ly s is  the so la r  motion i s  expressed  in  terms of r and
1 ' '

in  the e l l ip s o id a l  a n a ly s is  i n ,terms of g , i t  appears th a t ,  

in  p r a c t ic e , we have h =

2 .
One r e la t io n  between the tw o -d r ift  and the - 

e l l ip s o id a l  th e o r ie s  has been derived  by Smart ( l )  and has 

been ap p lied  w ith  reasonable su ccess  to  the r e s u lt s  o f a 

number o f tw o -d r ift  a n a ly ses of proper m otions ( 2 , 3 » t ) .  This 

r e la t io n  was derived  as a r e s u lt  of an in v e s t ig a t io n  o f t h e ,  

behaviourof r e s t r ic te d  proper motions on th e  two th e o r ie s .

Smart found th a t , when the space d is tr ib u t io n  of th e .s ta r s  

i s  governed by a d en sity  law of the form I-



w here  A ,h and k  a r e  sw K ii  c o n s t a n t s *  t h e n  on  b o t h  t h e o r i e s  

t h e  number o f  s t a r s  i n  a  s m a l l  r e g i o n  o f  t h e  sk y  w i th  p r o p e r  1 

m o t io n s  g r e a t e r  t h a n  a  g i v e n  amount a r e  i d e n t i c a l ,  p r o v i d e d  

t h e  r a t i o  o f  k  t o  p , w here  p i s  th e  l i m i t i n g  p r o p e r  m o t io n ,  

i s  s m a l l . ; O n  t h e  b a s i s  o f  t h i s  a g r e e m e n t , a  r e l a t i o n  b e tw e e n  

t h é  h x i s , - - r a t i o  o f  t h e  l o c a l  ; v e l o c i t y  e l l i p s e  and  t h e ,  d r i f t  

v e l o c i t i e s  f o r  t h e  r e g i o n  and t h e  p r o j e c t e d  t r a n s v e r s e  s o l a r  

v e l o c i t w .  I t  i s  a l s o  n e c e s s a r y  t h a t  t h e  s t a r s  be e q u a l l y  d i v i d e d  

b e tw e e n  t h é  t w o - d r i f t s ,  \ '

. T h is  r e l a t i o n  h a s  two d i s a d v a n t a g e s  -  nam ely, 

t h a t  i t  can  o n ly  be u s e d  t o  d e r i v e  th e  a x i s - r a t i o  o f  th e  

v e l o c i t y  e l l i p s e  from  th e  d r i f t  c o n s t a n t s  f o r ,  t h e  r e g i o n  and 

n o t  v i c e - v e r s a , a n d  s e c o n d l y ^ t h a t  to. d e r i v e  th e  a x i s - r a t i o  f o r  

th e  w hole  sky  th e  r e s u l t s  f o r  e a c h  r e g i o n  m ust be co m b in ed ,

A m ethod  by  w h ich  t h i s  may b e  a c c o m p l i s h e d  h a s  b e e n  d e s c r i b e d  

by  S m art ( ^ )  -: b a s i c a l l y  one o f  s u c c e s s i v e  a p p r o x im a t io n s  t o  

the t r u e  v a l u e s  o f  t h e  unknowns from  i n i t i a l l y  assum ed  v a l u e s  -  

b u t  t h e  u se  o f  t h e  r e l a t i o n  i s  bhm pered by  t h e  .fd c t  t h a t  i t  

i s ,  i n  t h e o r y ,  o n ly  a p p l i c a b l e  when t h e  t h r e e  c o n d i t i o n s  

9-Pply and t h e  m ethod  i s  cumbersome i n  a p p l i c a t i o n .  F u r t h e r ,  

s i n c e  th e  m ain  p u r p o s e ,  i n  p r a c t i c e , o f  s u c h  a  r e l a t i o n  w ould  ; 

be t o  compare th e  r e s u l t s  o f  an  a n a l y s i s  by  one m ethod w i t h  

t h o s e  o f  an a n a l y s i s  by th e  o t h e r  m ethod  -  p e rh a p s  by a n o th e r  

i n v e s t i g a t o r  -  a  r e l a t i o n  iw r e q u i r e d  t h a t  i s  im m e d ia te ly



m

a p p l i c a b l e  t o  t h e  r e s u l t s ' f o r  th e  whole s k y , I t  s h o u l d ,  a l s o ,  

b e - o f  s u c h  a  fo rm  t h a t  i t  c a n  be u s e d  e i t h e r  w ay . ;

; F o r  t h e s e  r e a s o n s  , t h e  a p p ro a c h  t o  '

d e r i v i n g ,  a  r e l a t i o n  s h p u ld  be f ro m  t h e  d i s t r i b u t i o n  f u n c t i o n s  ; 

f o r  t h e  whole :sky and  n o t  from  th e  d i s t r i b u t i o n  f o r  a  s i n g l e  

r e g i o n .  F u r t h e r , i f  a  r e l a t i o n  i s  d e r i v e d  fro m  th e  whole sky, /  

i t  n a n  be e a s i l y  m o d i f i e d ; t o  a p p l y  t o  a  r e g i o n  o f  th e  s k y , 

w h e re a s  t h e v r ^ e r s h  i s  n o t  n e c e s s a r i l y  t r m e .  : f: ;

• : There are two forms that the. e l l ip s b id a l  ; .

theory can ta k e . The f i r s t , due to  Schw arzschild ,assum es th at  

th e  d is tr ib u t io n  i s  sym m etrical about the ax is, o f s ta r -strea m in g . 

Thé second form i s  a g e n e r a lisa t io n  o f ; t h is  , and perm its ;à l l ;  , 

axés to  be 'unequal. As in  p rap tice  i t  i s  found that,w hen the '; 

g en era l form i s .  a p p lied ,th e  axes perpendicu iar t o . / t h a # ' P ^ ' ; ' 

starrstrearn ing  are p ra c tic a  eq u a l, S ch w arzsch ild ’s form , a 

i s  :Created f i r s t .; The,r e la t io n  i s  then extended to cover the 

e a s e -h f  >dnequal'hxba.l  ̂ V y  ... _ T"'-

V. V. 1 . I n  t h e  t w o - d r i f t s  t h e o r y , t h e  s t a r s  a r e  d i v i d e d  '

i n t o  two a s s e m b l i e s , f o r  e a c h  o f  w h ich  t h e  d i s t r i b u t i o n  o f  i  

c l i h e a r  v e l o c i t i e s  i s  ran d o m , : The jnvw : d r i f  t s  a r e  i n t e r m i n g l e d  ;

. i n  sp a c e  and t h e i r  c e n t r e s  o f  r e s t  a re  i n  r e l a t i v e  m o tio n  

a lo n g  t h e  a x i s  o f  s t a r  •^ s t re a m in g ,  t h i s  l a t t e r  : a x i s  d e f i n i n g  i  ; 

t h e  d i r e c t i o n  o f  t h e ; y o r t e x  o f  s t a r - s t r e a m i n g .

From th e :  c e n t r e  o f  r e s t  o f  a l l  s t a r s , t h e  a x i s  

Of s t a r - s t r e a m i n g  a p p e a r s  a s  an  a x i s  Of g r e h t e r  ; m o b i l i t y  ; t h a n



in  : any other d ir e c t io n . In SchH àrzsch ild ’s thedry th is  appearance 

i s  expressed  a n a ly tic a lly ^  The exponent of the d is tr ib u t io n  

fu n ctio n  iS  of the form of the quadratic ex p ress io n  appearing 1 

in  the equation  o f an e H ip s b id  o f r e v o lu t io n , and the,mean  

v e lo c ity  cbmpbhent in  the d ir e c t io n  of the v er tex  i s  g rea ter  1 

than in  any other d ir e c t io n .

: -I ; ' For a s in g le  d r i f t  the d is tr ib u t io n  fm nction

of the ^ ste lla r  l in e a r  p ecu lia r  v e lo c ity  components w i l l  be

the o r ig in  of v e lo c it y  components hex u ,v  and w being the 

centre of r e s t  of the d r i f t ,  n th e  number o f s ta r s 'b e lo n g in g
Y  '7  z  "  . V  - L ; :  1 1 -  -
to  the d r i f t  and h |=  I a. co n sta n t, s  being the v e lo c ity

d isp e r s io n  o f the s ta r s  in  th e  d r i f t .  Thus fo r  two d r i f t s ,  we 

have . 1a,

( 2 )

where n; ,Uy ,V| ,wt and h, and n%).*u^, v  ̂ ;w  ̂ and h r e f e r  to  

D r if t s  I and I I  r e s p e c t iv e ly .  As the d is tr ib u t io n  of v e l o c i t i e s  

in  each d r i f t  i s  random, the axes/may be o r ien ted  in  any / 

convenient manner. We w i l l  take the u; and d& axes to  be 

along the a x is  ; o f s ta r -strea m in g , found, in  p r a c t ic e , to  be



/<?$>

i n ,  o r  n e a r , t h e  g a l a c t i c  p l a n e . T h e  o t h e r  a x e s  a r e l p e r p e n d i c u l a r  

t o  t h e s e , t h e  W# and W t a x e s  b e in g  a p p r o x i m a t e ly  i n  t h e  

d i r e c t i o n  o f  th e  g a l a c t i c  p o l e . : 1; \ 1,

1 >v ;1 Névv a x e s :  a re .  now t a k e n ,  (U ,V, W^, r e f  e r r e d  t o  

t h e  c e n t r e  o f  r e s t  o f  a l l  s t a r s  and p a r a l l e l  t o  th e  ;

and  W, a x é s . Theny i f  t h e  s p e e d s  o f  D r i f t  I  and  D r i f t  Î I ,/  

r e l a t i v e  t o  t h e  c e n t r e  o f  r e s t  o f  a l l  s t a r s , a r e  and  ;

r  e sp e  c t  i  v e l y , we have  I -

and

: 1 The d is tr ib n t io n  fu n ctio n  o f  the tw o -d r if t  

theory then becomes I -  '

/ t v L- ^ '

(5)

For the e l l ip s o id a l  theory the d is t f ib u t io n  

fu n c tio n , r e fe rr ed  to  the same a xes, i s  I -  '

w here  n . ; =  ' n ,  +  and  K  <"W .  ■ ,
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4 .
From t h e  foDms o f  ( 5 ) and ( 6 ) o f  t h e  p r e c e d i n g  

s e c t i o n , i t  i s  a p p a r e n t  t h a t  t h e  two a r e  n o t  i d e n t i c a l .  F o r  them  

t o  be i d e n t i c a l  w o u ld  r e q u i r e  t h a t ,  when t h e  s t a r s  a r e  e q u a l l y  

d i v i d e d  b e t w e e n  t h e  d r i f t s ,  we h ave

e  = d > r K ( a K ’ <5.ü)  ( 1 )

T h e re  i s ,  h o w e v e r ,  one  way i n  w h ic h  a r e l a t i o n  

may be d e r i v e d .  L e t  t h e  number o f  s t a r s  on  t h e  t w o - d r i f t s  t h e o r y ,  

w i t h  U  ) O  , be IN/* (=/%( + A& ) , where  A/#* i s  t h e  number o f  s u c h  

s t a r s  b e l o n g i n g  t o  D r i f t  I  and i s  t h e  c o r r e s p o n d i n g  number

f o r  D r i f t  I I ,  f o r  a l l  v a l u e s  o f  ^  and ,

...............................

L et  X  = K, ( 4/  “ Ip#) and R  = k ,  Q ,  . • • • • • • •  (3 )

r?
Then we h a v e  A/i =  I  ( 4 )

■ k
D efine 0 {^)  »  —  f © '“ Adr  {5 )

V f r i ,

T h e n ,  A ^ ' -  &  j  I 4-  ( 6 )

and s i m i l a r l y ,  A 4  — ~  \   ( 7 )

w h ere  Ta -  Kj



, ' ,  y '  =  8 ^ % ) }    (8 )

By t h e  same m e th o d s ,  i f  A/" ( = X  ' X be  t h é  number o f  s t a r s

w i t h  U f o r  a l l  v a l u e s  o f  V and Iv. . ,  t h e n

~ ^  1 ^ *̂1 ©^ ^ 0 — . . . . . . . .  (9 )

P a t  tz) ^ 0 / O i'T/) -  /% . . . . . . .  (1 0 )

T hen , ,
'V = a * G )

M " -  O J  .............

On t h e  e l l i p s o i d a l  t h e o r y ,  we | i a v e ,

. a£)

5 .

/V = (/// != . . . . . . .  (1 2 )
R.

I f  we w r i t e  U f o r  t h e  mean s p e e d  i n  t h e  p o s i t i v e

d i r e c t i o n  o f  t h e  U - a x i s ,  t h e n  on t h e  t w o - d r i f t s  t h e o r y

w=  ̂ ........(1)

W r i t in g  T, f o r  htO  ̂ , %% f o r  ^siOx , ^  f o r  h , /u  -<*,) and

TOY b;i(ü + Qj.) £ok  t h e n  ( l )  b e c o m e s ! -

/ /  ahahi I J  . . . . . . .  .

R e w r i t i n g  (3 )  o f  s e c t i o n  3 i h  te rm s  o f  ï ;  and  web o b t a i n

( 2 )



.

A ' -  " " N

V*. ,)' -  V A k 4. ^  j e - - ^ .  . . . . ( 4 )

.v'/\;v,-''- '̂V>r:;':'yV-‘*V ;y + v'(7/%;,ẑ 9' I'l'i

S im ila r ly , i f  l) i s \  the mean speed in  the n eg a tiv e  d ir e c t io n  

of the ï ï - a x is ,  then , by the above m ethodsi- ,

J  u "  =  A ( ^ ' % T . a 0 ( T , ) )  ; _ ( 5 )
. 'A n  .Z 6YtT,%)

For conven ience, we may w rite  (4 )  as I-

U* -  bi, V, i bg, %} _ t  (f,)
A: ; ■ -  T  • • ■ ■ '

(3 ) then  be domes,

' u "  = ' ^  ■■■: : -■ . . . . . ( ? )

The ex p ress io n s  fo r  U and U" can a lso  be dermved on the 

e l l ip s o id a l  th o e ry . In t h is  case we o b ta in !-

6 .  '■ , .  ̂ ' : , - - '.
Thus fro m  s e c t i o n s  4 and  5 t h e  f o l l o w i n g  f a c t s

have  b e e n  d e r i v e d  -  ( i )  on th e  t w o - d r i f t s  t h e o r y ,  t h e  number

o f  s t a r s  w i t h  U ^  O c a n  d i f f e r  from  th e  num ber w i th  U <*0 ,
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and  ( i ; i )  oh th e  t w o - d r i f t s  t h e o r y ,  t h e  mean s p e e d  i n  t h e  

p o s i t i v e  d i r e c t i o n  of, t h e  U - a x is  c a n  d i f f e r  f rom  t h a t  i n  t h e  

n e g a t i v e  d i r e c t i o n ,  oh t h e  e l l i p s o i d a l  t h e o r y  t h e s e  d i f f e r e n c e s  

do n o t  o c c u r .  Thüs t h e  c o n d i t i o n s  f o r  a  r e l a t i o n s h i p . t o  

e x i s t  b e tw e e n  th e  c o n s t a n t s  o f  t h e  two d i s t r i b u t i o n  a r e  t h o s e  

u n d e r  w h ic h ,  on. t h e  t w o - d r i f t s  t h e o r y , e q u a l s  fV and  U .

■ .From  (1 1 )  o f  s e c t i o n  4 and  from  (7 )  and  (8 )  -

o f  s e c t i o n  3 , i t  i s  e v i d e n t  t h a t  th e  c o n d i t i o n  i n  e a c h  c a s é  i s

t h a t ; -  " y . y  ' ^ ' y '̂ 1

o  1 ' : : ; . - . (1) '

o r ,  f ro m  t h e  d e f i n i t i o n  o f  th e  f u n c t i o n  G,

n , ©^Ti) 5= O ( tæ) •

I f  we now w r i t e  o£. ® %  amd /?=» , t h e n ,  f rom  (3 )  o f . s e c t i o n
■ ^  h ,

3 ,  WK (2 )  becom es

^  . g . . .  (3 )

Now i n  a l l . p r a c t i c a l  a p p l i c a t i o n s  o f  t h e

t w o - d r i f t s  t h e o r y , . i t  i s  assum ed t h a t  h» ^ s a y , w here

i s  u s u a l l y  d e f i n e d  t o  be  th e  t h e o r e t i c a l  u n i t  o f  v e l o c i t y .

Hence we t a k e  ^ f , and  p u t t i n g  t h i s  i n  (3 )  i t  i s  a p p a r e n t

t h a t  t h e  o n ly  s o l u t i o n  i s  t h a t  o( = t , t h a t  i s  t h a t  t h e  num bers 

o f  s t a r s  b e lo n g i n g  t o  e a c h  d r i f t  be e q u a l .
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S in c e  t h e  num bers o f  s t a r s  b e l o n g i n g  t o  e a c h  

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

d r i f t  , i t  t h e n  f o l l o w s  t h a t  t ,  « r  , , s a y .  .

We t h e n  h a v e ,

U ' U "  =  e  4- rV T r0 (T )  . . .
^  ■   '

/ S / '  M  . . . . . ( 3 )
;■ ' : ■ ■ /  : '■ ■■■' ■; -  ■ ' ^

Woq t h e  num bers o f  s t a r s  w h ic h ,  f o r  a l l  v a l u e s

o f  U have  v e l o c i t i e s  b e tw ee n , and  V-hc/U and  ^  and  W+«iW 

on t h e  t w o - d r i f t s  t h e o r y  i s * -

B u ty in  o r d e r  t o  r e l a t e  t h e  t w o - d r i f t s  t h e o r y  t o  t h e  e l l i p s o i d a l  

t h e o r y  i t  h a s  b e e n  fo u n d  t h a t  i t  m ust be t a k e n  t h a t  tr «

and  h |= i7 a ,»  K ^

. . .  f t  .  V v  .................( ? )

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

n  .   ( 8 )

H en ce , f o r  th e  two t h e o r i e s  t o  g iv e  t h e  same, d i s t r i b u t i o n  o f  

v e l o c i t i e s  a b o u t  t h e  U - a x i s ,  we must have

h - H  . . , . . . ( 9 )

(4) now becomes:*



I

t ; ' = u " = _ £ _  rWiT D M   ___  . . . . . . . . . . d o )
H d S =

H en ce , a s  f rom  (8 )  o f  s e c t i o n  3$ we h a v e ,  on t h é  e l l i p s o i d a l

t h e o r y ,  U -  U  = , t h e n ! -

H . t  'Ç-/ÎT 0  ( r )

,, T h ere  h a s  t h u s  b e e n  d e r i v e d  an  e x p r e s s i o n  

f o r  th e  r a t i o  o f  t h e  a x e s  o f  t h e  v e l o c i t y  e l l i p s o i d  i n  te rm s  

o f  t h e  r e l a t i v e  s p e e d s  o f  t h e  d r i f t s *  I t  m ust be, n o t e d  t h a t

t h i s  r e N a t i o n  d o es  n o t  im p ly  t h a t  an  a n a l y s i s  o f  p r o p e r  m o tio n s

o m t h e  e l l i p d o i d a l  t h e o r y  w i l l  y i e l d  an  a x i s  r a t i o  e q u a l  t o

g iv e n  by  (1 1 )  f rom  a  t w o - d r f i t s  a n a l s y i s  o f  t h e  same m a t e r i a l .

The v a lu e  g i v e n  b y  (1 1 )  i s  t h e  a x i s - r a t i o  o f  t h e  v e l o c i t y  

e l l i p s o i d  t h a t  w i l l  y i e l d  t h e  same v a l u e s  f o r  t h e  mean s p e e d s  

a lo n g  b o t h  d i r e e t i o n s  o f  th e  a x i s  o f  s t a r - s t r e a m i n g  and w i l l  

g iv e  : t h e  same d i s t r i b u t i o n  o f  v e l o c i t i e s  p e r p e n d i c u l a r  t o  t h i s  

a x i s .  I t  i s  i n s t e a d  t h e  a x i s - r a t i o  o f  t h e  v e l o c i t y  e l l i p s o i d  

’e q u i v a l e n t *  t o  th e  t w o - d r i f t s  s o l u t i o n .

I t  i s  t o  be n o te d  t h a t  t h e  r e l a t i o n  (1 1 )  

f o l l o w s  t h e  e x p e c te d  l i n e s ■d i s c u s s e d  i n  s e c t i o n  1 . and  i s  o f  

t h e  fo rm  g i v e n  by (2 )  o f  t h a t  s e c t i o n  a n d , a l s o ,  i t  i s  fo u n d  

t h a t ,  i f  t h e  two fxH  d r i f t s  and t h e  e l l i p s o i d a l  t h e o r i e s  a r e  

t o  g iv e  t h e  same d i s t r i b u t i o n  o f  t h e  v e l o c i t i e s  p e r p e n d i c u l a r  

t o  t h é  a x i s  o f  s t a r - s t r e a m i i h g ,  t h e n  t h e  e q u a l i t y  o f  h and  H, , 

a n t i c i p a t e d  fro m  s e c t i o n  1 m ust h o l d .



,j :> ; Va;/  ̂ As w i th  gmaf t  Vs r e l a t i o n , t h e  r e l a t i o n  d e r i v e d  V 

above i s  s t r i p t l y  o n ly  a p p l i o a b l e , when t h e  s t a r s V a r e  e q u a l l y  6% 

d i v i d e d  b e tw e e n  t h e  two d r i f t s .  The r e l a t i o n  i s .  n o t , h o w ev er ,  

l i m i t e d  i h :  a p p i i c a t  1 o n , t q  a  s m a l l  r é g i o n  o f  t h e  sk y ,  a s  i s  Sm art * s; 

fo rm , b u t  a p p l i e s  t o  t h e  whole skyV V lt . i s  e a s i l y  shown t h a t  t h e  

r e l a t i o n , i n  a . s u i t a b l y  m o f i f i e d  form^ a l s o  a p p l i e s  t o . a  r e g i o n  ; 

o f  t h e  s k y , i n  t h a t  b a s e  , .i f y  h  ;  1 a r e  : '

t h e d r i f t  c o n s t a n t s  o f  ; a  r é g i o n  j t h e n  t h e  l o c a l  v a lu e  ■ d f t * : .

/? Vi Gv -  h 14 Ct3 ( 1 2  )

By u sin g  the value derived  above in  (1 1 ), the lo o a l  value o f i v v 

the a x i8?ratiov^  u su a l w ritten ; as K / k -  can he f  ound. The a V:

.p o s it io n /a n g le  Of th e ; v e r te x  i d  the reg ion  eon a lso  be determined V 

from / the Iqo a l  d r i f t  ; c ons t  a n ts , as i f  i t  i s  0 %/ , then

-r s „ © „  a : . . . . . .  (13)

■ v'/.V '^^V' V '^^'■ /'^
V:V / l  V ; ■ ;a Thus from (12); and (13) the con stan ts of the / V

v e lo c it y  e l l i p s e  fo r  a rég ion  icah/ be c a lc u la te d  from the stream  ' 

con stan ts of th q t reg io n , i t  being assumed t hàt / are equal 

numbers o f  s ta r s  in  each d r i f t . These can then be combined -

d ir e c t ly  to  g iv e  the v er tex  d ir e c t io n , w ithout recourse to the 

method Of su c c e ss iv e  approxim ations:.given by Smarts . V

/; -"'A: A , ; I t  might a lso  be noted th a t i f  th e tw o -d r if ts

arid the e l l ip s o id a l  d is tr ib u t io n s  are to  have the same a xes.
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t h e n  S c h w a r z s ç h i l d ' s  fo rm  o f  t h e  e l l i p s o i d a l  t h e o r y  m ust be 

u s e d .  T h is  fd lo w s  from  ( 7 ) , ( 8 ) and  ( 9 ) .

7 .
I n  T a b le  I ,  b e lo w , t h e  v a l u e s  o f  t h e  f u n c t i o n  

a r e  g i v e n  f o r  a  r a n g e  o f  v a lu e s  o f  , t h e  ra n g e  c o v e r i n g  

th e  v a l u e s  o b t a i n i n g  i n  m o s t ' i n v e s t i g a t i o n s , I n  T a b le  I I  th e

*

TABLg, I

% : K/H % . y n T y n

0 .0 1 .0 0 0 0 0 .5 0 . 806k 1 .0 Q.5372
0 .1 0 .9 9 0 2 0 .6 0 .7 4 6 3 1 . 1 , 8 .4 9 6 4
0 .2 0 .9 6 1 8 0 . 7  . 0 .6 8 8 0 1 .2 0 .4 6 0 2
0 .3 0 .9 1 7 8 0 .8 0 .6 3 3 1 1 .3 0 .4 2 8 0

. 0.4 ,0 .8 6 5 2 0 .9 0 .5 8 2 7 1 . 4 0 .3 9 9 4

v a l u e s  o f  i^H  c a l c u l a t e d  f ro m  ( 1 1 ) ,  f o r  a  num ber o f  t w o - d r i f t s  

a n a l y s e s  o f  p r o p e r  m o t io n s ,  a re  com pared  w i t h  t h e  v a l u e s  

d e r i v e d  from  th e  a n a l y s e s  o f  t h e  same m a t e r i a l  by S c h w a r z s c h i l d ' s  

a u to m a t i c  m e th o d . The fiifcst colum n i n  t h e  t a b l e  g i v e s  th e  

s o u r c e  o f  th e  f i g u r e s  i n  e a c h  row , th e  s e c o n d  t h e  s p e c t r a l  g ro u p

i n v o l v e d .  I n  t h i s  co lum n, th e  l e t t e r  F r e p r e s e n t s  th e  g ro u p  ,

Fg , G th e  g ro u p  Fg -  , K th e  g ro u p  ÎCo -  M, F-M; th e

g ro u p  -  M and ALL n o r m a l ly  i s  t h é  g ro u p  Bg -  M. I n  th e  t h i r d  

co lum n i s  g iv e n  t h e  v a lu e  o f  t h e  r a t i o  o f  t h e  num bers o f  s t a r s

b e lo n g i n g  t o  e a c h  d r i f t  -  i n  t h e  s e n s e  . N]_ t o  N2 . I n  th e

f o u r t h ,  f i f t h  and  s i x t h  co lum ns a r e  g i v e n ,  r e s p e c t i v e l y ,  t h e  

v a l u e s ,  t o g e t h e r  w i th  t h e i r  p r o b a b le  e r r o r s ,  when a v a i l a b l e ,  

o f  t h e  r e l a t i v e  s p e e d s  o f  t h e  d r i f t s ,  t h e  o b s e r v e d  v a l u e s  o f  

k / h and  t h e  c a l c u l a t e d  v a lu e s  . F o r  th e  t w o - d r i f t s  a n a l y s e s ,  -
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t h e  v a l u e s  o f  2 ^ .  a r e  l i s t e d , ,  t h i s  b e in g  t h e  q u a n t i t y  u s u a l l y  

d e r i v e d .

The f o l l o w i n g  s o u r c e s  have  b e e n  u se d  i n  c o m p i l in g

t h i s  t a b l e ,

S o u rc e  
Boss P r e l i m i n a r y  
G em eral C a t a lo g u e ,

B oss
G e n e ra l  C a t a l o g u e ,

0 ap«ri As t  r  o g r  a p h i  c 
Zone -  Volume I

Cape, A s t r o g r a p h ic  
Zone -  Volume I I ,  ,

Cape P h o to g r a p h ic  
Zone C a t a l o g u e s ,  
(Zones -3 0 ^  t o  - 4 o ° )

I n v e s t i g a t o r s  
D e s i g n a t i o n  T w o -D r i f t  E l l i p s o i d a l

. P 'O 'O .  Kaymond (X)

T a n n a h i l l  ( ^ )  D e lh ay e  (^ )G,C.

C . l .

G.2.

0 . 3 .

E w ar t  -  C h a p te r  IV .

E w art  -  C h a p te r  V

A lso  l i s t e d  i n  t h e  t a b l e  a r e  t h e  v a l u e s  o f  k/ h f o r  

t h e  C . l ,  g ro u p  c a l c m l a t e d  fro m  S m a r t ' s  r e l a t i o n .  I t  m ust a l s o  be 

n o t e d  t h a t  t h e  g r o u p in g s  u se d  i n  t h e  P.G .C and  t h e  G .^ ,  a n a l y s e s  

w ere n o t  th e  same f o r  t h e  two m ethods o f  a n a l y s i s .

From th e  f i g u r e s / i n  t h e  t a b l e ,  i t  c a n  t h u s  be 

s e e n  t h a t  th e  v a l u e s  o f  d e r i v e d  by t h e  two m ethods a g r e e  w e l l ,

e s p e c i a l l y  when t h e i r  p r o b a b le  e r r o r s  a r e  c o n s i d e r e d .  Most 

n o t i c e a b l e ,  i s  t h e  a g re e m e n t  ev en  when th e  v a l u e s  g iv e n  f o r  Nq to  

N2 d e p a r t  c o n s i d e r a b l y  from  th e  v a lu e  o f  u n i t y  r e q u i r e d  by th e  ; 

t h e o r y .  T h is  i s  t h e  c a s e  f o r  t h e  C .2 .  g ro u p  and  f o r  t h e  ALL g r o u p s .  

The a g re e m e n t  f o r  t h e  G ,2 .  g ro u p  th u s  can  be t a k e n  as  c o n f i r m in g
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(1 ) (2 ) ( ? )
, TABLE 
(4 )

I I
(5 ) . 1 6 )

S o u r c e . S .G a t K/H ( o b s ) K /h ( c a l o ) 1
p .G .ë o  • ALL 1 . ? 1 .8 6 8 0 .5 2 0 .5 6 7 1
P .G .C . ALL — 1 .9 2 4  * 0 .1 5 5 0 .4 8 0 . 554*0 .0 3 1
P .G .C . ALL 1 .9 6 2 0 .0 5 3 0 .5 2 0 ,5 4 6  0 .0 1 1

G^C. F .. 1.2 2 .0 7 5 0 .0 3 9 0 .5 7 4 0 .5 1 9  Q. 008
G,C . K 1 . 0 1 .6 3 8 0 .0 3 8 0 .6 7 0 .6 2 3  0 .0 1 0 Sm art ' s
G .C . F-M 1 , 2 1 .8 1 6 0 .0 3 0 0 .6 2 0 .5 7 9  0 .0 0 7 F o rm u la  .

C . l F 1 . 2 1 .8 7 3 0 .0 5  ' 0 .5 5 2 6 .5 6 5  0 .0 1 2 0 .6 2
C . l G 1 . 0 1 .7 5 6 0 .0 5 0 .5 6 6 .5 9 1  0 .0 2 4 0 .6 3
C . l IC, 1 . 1 1 .6 0 6 0 .6 6 ' 0 .6 5 0 .6 3 2  0 .0 1 5 0 .6 7
C . l ALL 1 . 4 1 .6 3 8 0 .0 4 0 .6 2 5 0 .6 2 3  0 .0 1 1 0 .7 0
C .2 ALL 1 . 7 1 .6 4 8 0 .0 4 6 . 6 0 2 *0 .0 3 0 0 .6 2 1  0 .0 0 9
C .2 F 1 . 8 1 .6 3 9 6 .0 4 0 .6 7 6  0 .0 5 0 .6 2 2  0 .0 1 2
G.2 G 1 . 5 1 .5 9 7 . 0 .0 8 0 .5 5 4  0 .0 4  ; 0 . 6 0 8 , 0 .0 2 0
C .2 IC 1 . 4 1 .6 0 1 0 .0 8 0 .6 0 6  0 .0 3 0 .6 3 3  0 .0 2 0
C .2 F)M 1 .5 1 .6 1 8 0.1Ô 0 .6 0 1  0 .0 3 0 .6 2 9  Q .03O
C .3 F 1 . 2 1 .1 9 5 D.1 5 0 .7 7 5  0 .0 3 0 0 .7 4 8  0 .0 4 5
C .3 G : 1 , 0 1 .0 4 0 0 .1 2 0 .7 5 1  0 .0 1 5 0 .7 8 8  0 .0 3 4
C .3 IC. 1 . 0 0 .8 2 0 0 . 1 1 0 .8 9 8  0 .0 2 1 0 .8 5 9  0 .0 3 1
c.3 F*M 1 . 0 . 0 .9 8 5 0 .1 2 0 .8 2 5  0 .0 2 4 0 .8 1 1  0 ;0 3 5

th e  v iew  e x p r e s s e d  i n  C ahpÿer IV t h a t  t h e s e  h ig h  skk  v a l u e s  

a r e  p r o b a b l y  s p u r i o u s  and  a r e  c a u s e d  by t h e  u n d e r t a i n t i e s  o f  th e  

a n a l y s i s  -  e s p e c i a l l y  f o r  D r i f t  I I .

The b e l i e f  t h a t  t h e  s t a r s  a r e  r e a l l y  e q u a l ly  

d i v i d e d  b e tw e e n  th é  two d r i f t s  th u d  r e c e i v e s  some s u p p o r t  from  

t h e  abo vsj-as  d o es  th e  a s s u m p t io n  t h a t  t h e  v e l o c i t y  d i s p e r s i o n s  

o f  t h e  two d r i f t s  a r e  e q u a l .  S in c e  f a i r  a g re e m e n t  i s  o b t a i n e d  

i n  T a b le  I I  e v en .w h e n  th e ,  r e d o  i s  h i g h , a s  f o r  t h e •ALL g r o u p s , 

t h e s e  h i g h  v a l u e s  may be a f f e c t e d  by c o n s i d e r a b l e  e r r o r s .

T h is  c a n n o t  be d e c i d e d  a s  th e  p r o b a b le  e r r o r s  o f  t h e  r a t i o  a r e  

unlmown fro m  th e  " T r i a l  and E rn p r" .  m ethod  o f  t h e  t w o - d r i f t s  

a n a l y s i s .  F o r  t h e  A ty p e  s t a r s ,  T a n n a h i l l  fo u n d  a  v a lu e  o f  1 .3 4  (1 1 )  

b u t  f o r  t h e  B ty p e  s t a r s  t h e  v a l u e . was 1 . 0  - ( 1 2 )  -  b u t  t h i s  v a lu e
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i b ^ u n c e r t à i h ^  k .  y  ,;  : : : : :  : y 'Y ::

 ̂ y . \ As s t a t e d . a b o v e , tw d - d r i f t  s  s o l u t i o n s  f o r  t h e

v e r t e x ,  assum é t h a t  t h é  . v e l o c i t y  d i s p e r s i o n s  o f  t h e  À d r i f t s . a r e .  

e q u a l , and  i  i s  d e f i n e d  a s  t h e  t h e o r e t i c a l  u n i t  o f  v e l o c i t y *  T h is  . '

i s  e s s e n t i a l  f o r  ; a n a l y s e s  by: t h é  h .T r id l  and E r r o r  " m e t h o d , /  w h ich  

d o e s  n o t  g iv e  s o l u t i o n s  f o r  t h e  a c t u a l ;  v a lu e  o f  h i ;  The /  /  : / /

e l e m e n t s  of, t h e  r e  1 a t i v e  m o tio n  o f  th e  d r i f t s  q  g,T| and  g ,  a r e

gmven h y  ; g, = /'X l -  - %2 , 1) = / Y f  ^  = Zq -  Zg * No

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

v a lu e  o f . th e  r a t i o  p , i n  o r d e r  t o  d e r i v e  t h e  v a l u e s  : o f  and  ^  .

p m u s t . be  t a k e n  as  u n i t y .  T h is  i s  a ls o ;  t h e  c a s e  f o r  t h e  s o l a r  / /  yZ- 

mbt i o n % more g e n e r a l  m ethod o f  , a n a l y s i s , w h ich  w o u l d .p r o b a b l y  ; 

r q u i r e  th e  u se  o§  t h e  m a g n i tu d e s  o f  t h e  m o t i o n s . a n d  n è t  t h e  / 

d i r e c t i o n s , m i g h t  . p e r m i t  : t h e  e v a l u a t i o n  o f  t h e  t r u e  v a lu e  o f  6 ,  w hich  

m ig h t  be s u c h  t h a t  t h e  c o n d i t i o n  (3 )  o f  s e c t i o n  6 s t i l l  h o l d s , 1  

The two. d i s t r i b u t i o n s  w ould  s t i l l  t h e n  g iv e  t h e  two m ain  f e a t u r e s  

t o  be i d e n t i c a l , i . e .  N* = N" and  U* = U ", b u t  th e  t w o - d r i f t s  / 

d i s t r i b u t i o n  w ould ,no ; l o n g e r  ;be s y m m e t r i c a l  a b o u t  t h e  U - a x i s . 

How ever, a s  t h e  t w o - d r i f t s  d e t e r m i n a t i o n s  o f  t h e  s o l a r  m o tio n  -  . 

d e r i v e d  on t h e  a s s u m p t io n  t h a t  p = l  -  and t h e  e l l i p s o i d a l  v a l u e s  /  ;>; 

a g re e  s o  w e l l . i t  a p p e a r s  t h a t  th e  t r u e  v a lu e  o f  6 ,  i f  n o t  u n i t y , 

d e p a r t s  o n ly  s l i g h t l y  fro m  u n i t y ,  and h e n c e , i f  a  s m l u t i o h  was /  /

made t h a t  gave  th e  a c t u a l  v a lu e  o f  6 . t h e n  t h e  s o l a r  m o t io n -  w h ich  

w o i ld  t h e n  be f o u n d  i n  te rm s  o f  hq - .m o s t /p r o b a b ly " ,  D r i f t  I

b e in g  t h e  m ain  v e l o c i t y  c o m p o n e n t -  w ould  p r o b a b l y  s t i l l  a g re e



w i t h  t h e  e l l i p s o i d a l  v a l u e . and  i t  c o u ld  b e  t a k e n  t h a t  h i  = H, 

and  t h e  a x e s - r a t i o  o f  t h e  v e l o c i t y  e l l i p s o i d  c o u ld  t h e n  be d e r i v e d  

f ro m  a  s u i t a b l e  m o d i f i c a t i o n  o f  (11 )  o f  s e c t i o n  6 .

The a n a ly s e s ,  g iv e n  i n  t h e  p r e c e d o i n g  s e c t i o n s  

was b a s e d  oh t h e  a s s u m p t io n ,  t h a t  th e  d i r e c t i o n  o f  t h e  m a jo r  a x i s  

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

r e l a t i v e  m o tio n  o f  t h e  two d r i f t s .  The r e s u l t s  o f  t h e  a p p l i c a t i o n  

o f  t h e  r e l a t i o h  d e r i v e d  on t h i s  b a s i s  i n d i c a t e  t h a t  th e ,  

. ' e q u i v a l e n t *  e l l i p s o i d  d i f f e r s  l i t t l e  f ro m  t h e  o b s e r v e d  e l l i p s o i d .

I n  t h i s  s e c t i o n  th e  a n a l y s i s  i n  t h e  p r e c e d e i n g  

s e c t i o n s  i s  e x te n d e d  t o  c o v e r  t h  e a s e  when t h e  two a s è s  a r e  

n o t  c o i n c i d e n t , As b e f o r e , t h e  fo rm s o f  t h e  d i s t r i b u t i o n  f u n c t i o n s  

t h a t  w i l l  be u s e d  a r e  t h o s e  r e f e r r e d  t o  a x e s  w i t h  o r i g i n  a t  th e  

c e n t r e  o f  r e s t  o f  a l l  s t a r s , The a x e s  w i l l  a g a i n  be t a k e n  t o  be 

t h o s e  o f  th e  v e l o c i t y  e l l i p s o i d .

The e i l i p d o i d a l  d i s t r i b u t i o n  novir becom es I -

and  t h e  t w o - d r i f t s ! -

( 2 )

Then i f  N i s  t h e  number o f  s t a r s  w i th  ^ f o r  a l l  v a l u e s  o f

V and  W  , on t h e  t w o - d r i f t s  t h e o r y ,  and  iV# t h e  c o r r e s p o n d i n g  

number w i th  Ü ^ O , we h a v e ,  a s  b e f o r e ,



■ • - ,  -  .. I ■  ■ ' ■  ̂ ' ' //SX

^  ^  ^  (9 Ta)  . . . . . . . . . ( 3 )

and ^  ^  . . . , , . ( 4 )

w here , T / ~  h /   ̂ and ^  -  t t̂OCTt) -    (5 )

S i m i l a r l y ,  i f  vV^^be vhe number o f  s t a r s  wmth f o r  a l l  4^

v a lu e s ,  o f  Ù and \V  , t h e  c o r r e s p o n d i n g  njtmber f o r  V/\C> ,

A/ t h e  number o f  s t a r s  w i t h  W ^C > , f o r  a l l  U , and  Y , 

and  th e  c o r r e s p o n d i n g  number w i th  W ^ o ,  t h e h l -

. . . . , . . . . . . . ( 6 )

• • • * • * • * « • • •  ( 7 )

•

•  •  * • • • • • • «  ( 9 )

r= M
Z '** i &  (  A j*

K
n -, JL 0  ( f . ,

=  i
^  J -

^ J3
%

Ô  ( Xa)

1 j » S, and A.

9 .  . ■ - :
The mean s p e e d s  a lo n g  t h e  d i r e c t i o n s  o f  th e

a x e s  a r e  how d e r i v e d  a.s b e f o r e *  I f  U* be t h e  mean s p e e d  a lo n g

th e  p o s i t i v e  d i r e c t i o n  o f  t h e  Ü a x i s ,  U# t h e  mean s p e e d  a lo n g

t h e  n e g a t i v e  d i r e c t i o n  o f  t h e  U a x i s ,  and  V  , v** , W  and  W

be t h e  c o r r e s p o n d i n g  q u a n t i t i e s  f o r  t h e  V and  t h e  W  a x e s ,

r e s p e c t i v e l y ,  t h e n ,  i n  t h e  n o t a t i o n  o f  s e c t i o n  9» we h a v e ! -

U ' = Ma,/,;, 73̂  M %
   j— T"   ....................................................— # # # # * # # # # * # # «  \ " L /

U "  = - : . . . . . . . . . . . . ( 2 )
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v '  = y f" . ,» ' . ,  m 1 Ha, w ,  M  ............................... ( 3 )

V "  = -  y^^n-/huf. V

\a/ '  - :  '- ^  V n=-, h , y a 4  . . . . . . .  . . ( 5 )  .
' y ,- Wt n, j >. l , Xz )  ; ' 'v/'';' .

\ i / "  =  hi) T'l j  ̂ rti, ffi"!

Now,; 4: (n^

a n d ,  a s  t h e  d r i f t s  - a r e  m oving i n  o p p o s i t e  d i r e c t i o n s ,

% y ,   ̂ = a z ; :  , ; : f k • • • • ' • ; v r ^  '

T hus , fro m  (7 ) and  ( 8 ) ,  p u t tm n g  «X = ^  and  p  -  J k  ,

z, , f j t  ^ P, , . . . . . . . . . . .  (9)

Now, on t h e  e l l i p s o i d a l  th e o r y ^  we h a v e ,

U  ” (J 7 iy  * * # . . . . . .  (10)

V ' - v ' '  " nünt . . . . . . . . . . . . . ( 1 1 )

T hus , a s  was l ^ e  c a s e  f o r  c o i n c i d e n t  a x e s ,  we a g a i n  h a v e ,  i f  

t h e  t w o - d r i f t s  and t h e  e l l i p d o i d a l  t h e o r i e s  a r e  t o  g iv e  e q u a l  

v a l u e s  f o r  t h e ;  num bers . 6 f  s t a r s  m oving a lo n g  t h e  o p p o s i t e  

d i r e c t i o n s  o f  t h e  a x e s  and a r e  t o  g iv e  t h e  same mean s p p e e d s  

a lo n g  th e  r e s p e c t i v e - a x e s ,



13/

G i ' ^ > , T x . )  »  O   (1 3 )

C ? i  "ft I f%) -  C»  (1 4 )

&  i As.) -  O   (15)

As ^ h a s  t o  be t a k e n  t o  be e q u a l  t o  o n e ,  t h e  c o n d i t i o n s

(1 3 )  t o  (1 3 )  a g a i n  r e d u c e  t o  n, - fis*. — ^  and  Tf  ̂ -  t :  ( s a y ) ,

 ̂ ( s a y )  and X# - 'A-x. = X ( s a y ) .  T h e n ! -

I ■<- t V D - O f r j   ( 1 6 )
K

JL 5=  ̂ + ̂ frrQ(e) ................... (1?)
‘ N

I

T
X j u - 0 ( M • • • •  • « • • • • • • • • ( l 8 )

The r a t i o s  o f  t h e  a x e s  a r e  t h e n ,  t a lc in g  t h e  p o l a r  a x i s  t o  

be t h e  l e a s t  ,

K „  i -X .W  O t M  M N
T  ■*■ f:jSa O C t)  .............................. (1 9 )

f  = e " * %  X-?r r © ( X j  _  M l P )  (2 0 )
   ~ 111^  ,

J  e “ <’ - + fiTS © ( e i

I t  i s  e v i d e n t  t h a t ,  by  p u t t i n g  p = 1= 0 i n  t h e  above r e l a t i o n s ,

t h e n  ( 1 9 )  r e d u c e s  t o  (1 1 )  o f  s e c t i o n  6 ,  and  ( 2 0 - )  r e d u c e s  t o

ÏÏ =s J ,  A l s o ,  6  ^ +  XfïTG ( x ) i 6  g r e f e t e r  t h a n  one f o r  \  g r e a t e r

t h a n , n o t h i n g .  T h u s ,  i f  t h e  d i r e c t i o n  ofi t h e  v e r t e x  d i f f e r s

f rom  one d i s t r i b u t i o n  t o  t h e  o t h e r ,  t h e n ,  e v e n  i f  H = J  , t h e

a x i s - r a t i o  g  i s  g r e a t e r  t h a n  i f  t h e  d i r e c t i o n s  were i d e n t i c a l .

I f  t h e  d i f f e r e n c e s  i n  d i r e c t i o n  a r e  -  i n  g a l a c t i c  c o o r d i n a t e s  -  

ACr i n  l o n g i t u d e  and /%g..in l a t i t u d e ,  t h e n ; -



and X  = r - T a n A G .  ................... (2 1 )

i . e .  p -r jr'~ïân.A(j7, • * • • • • *«(22)

and X -  ^  S e e , . . . . . . . ( 2 3 )

The d i f f e r e n c e s  i n  d i r e c t i o n  r a r e l y  e x c e e d

3^  i n  e i t h e r  c o - o r d i n a t e  and a r e  u s u a l l y  o f  t h e  same o r d e f  o f

m a g n i tu d e  a s  t h e i r  p r o b a b l e  e r r o r s .  F o r  = 3°  = »

we h a v e ,  p  = 0 . 0 9  * and X = 0 , 0 9  , The a v e r a g e  v a l u e  o f

§ f o r  t h e  f i r s t  13 v a l u e s  i n  T a b le  I I  i s  0,377 “ c a l c u l a t e d  h
f rom  t h e  a v e r a g e  v a l u e  o f  T  which  i s  0 , 9 1 2 ,  I f  b o t h  c o - o r d i n a t e s  

d i f f e r e d  by 3 ^ i  t h e n  T  becomes 0 .9 0 3  -  a  d r o p  o f  0 .0 0 7  -  and
t r
g  becomes 0 , 3 ^ 4  -  an  i n c r e a s e  o f  0 , 0 0 7 .  The e f f e c t  i s  t h u s  

n e g l i g i b l e .  A c c o r d i n g l y ,  u n l e s s  t h e r e  e x i s t s  a  m arked  d i f f e r e n c e  

o f  d i r e c t i o n  b e tw e e n  t h e  r e s u l t s  o f  t h e  two m eth o ds  o f  a n a l y s i s ,  

t h e  e f f e c t  on t h e  a x i s - r a t i o  o f  t h e  ' e q u i v a l e n t *  e l l i p s o i d  t o  

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

so  when t h e  p r o b a b l e  e r r o r s  a r e  c o n s i d e r e d ,

10.
From t h e  r e l a t i o n  h e r e  d e r i v e d ,  i t  i s  e v i d e n t  

t h a t  i t  d oes  n o t  s u p p l y  a  c r i t e r i o n  w hich  m ig h t  d e c i d e  i n  

f a v o u r  o f  one method o f  a n a l y s i s  as  b e i n g  a  b e t t e r  r e p r e s e n t a t i o n  

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

r e g a r d s  t h e  r e s u l t s  o f  t h e  manÿ a n a l y s e s  made so  f a r .  I f , h o w e v e r ,  

a n  a n a l y s i s  o f  p r o p e r  m o t io n s  y i e l d e d  v a l u e s  o f  a and  (3 

s i g n i f i c a n t l y  d i f f e r e n t  f rom  u n i t y  and  a l s o  gave  % good f i t



t o  t h e  o b s e r v e d  d i s t r i b u t i o n ,  t h e n  t h e  e l l i p s o i d a l  t h e o r y  

would  p r o b a b l y  n o t  g i v e  an  a d e q u a t e  r e p r e s e n t a t i o n .  I t  c an  

a l s o  be n o t e d  t h a t ,  i f  t h e  pjBculiar v e l o c i t y  com ponen ts  w i t h  

r e f e r e n c e  t o  t h e  c e n t r e  o f  r e s t  o f  a l l  s t a r s  were  known, and 

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

p ow ers  o f  U, V and W, t h e n ,  i f  p 4^ 1 , t h e  t w o - d r i f t s  t h e o r y  

would  p e r m i t  t h e  p r e s c ê n c e  o f  odd povæ rs  o f  U , a t  l e a s t ,  and 

a l s o  o f  V and W^if t h e  v e r t e x  d i r e c t i o n s  o f  t h e  two d i s t r i b u t i o n s  

a r e  n o t  c o i n c i d e n t ,  w h e re a s  t h e  e l l i p s o i d  would  n o t  y i e l d  s u c h  

t e r m s .  T h e i r  a b s c e n c e  would  n o t  , ho w e v e r ,  i m p ly  t h a t  t h e  

t w o - d r i f t s  t h e o r y  was i n a p p l i c a b l e ,

A f u r t h e r  p o i n t  i s  t h a t , w h e r e a s  S m a r t ' s  r e l a t i o n  

d oes  n o t  pe rm i t ,  t h e  c a l c u l a t i o n  o f  t h e  s t r e a m  c o n s t a n t s  f ro m  

t h o s e  o f  t h e  v e l o c i t y  e l l i p s o i d ,  t h e  r e l a t i o n  (1 1 )  o f  s e c t i o n  6 

d o e s .  S u p p o s e ( G ,g )  a r e  t h e  c o - o r d i n a t e s  o f  t h e  v e r t e x  i n  g a l a c t i c  

c o - o r d i n a t e s ,  and l e t  g  u> be t h e  d e r i v e d  v a l u e  o f  2 t  f rom  t h e  

r e l a t i o n .  Then i f  q , r i  and  ^ a r e  t h e  e l e m e n t s  o f  t h e  r e l a t i v e  

m b t io n  o f  t h e  d r i f t s ,  we have ! -

^  = CO cosG c o sg   (1 )

T) = 0) SinG c o sg    (2 )

^ s i n g   (3 )

Thus g ,T| and  ^ a r e  known. Now we h a v e ,

S = Xp -   (4)

r]  ̂Yl -  Y2  (3)

and  ̂ = Zl -  Z2  (6)



where sind X2,Y2 and Z2 a r e  t h e  g a l a c t i c  e l e m e n t s  o f

t h e  d r i f t  m o t i o n s  r e l a t i v e  t o  t h e  s u n .  Now we a l s o  h a v e ,  i n  

p r a c t i c e ,  t h e  same s o l a r  m o t io n  f rom  t h e  two t h e o r i e s ,  s a y  hUo 

to w a r d s  an  a p e x  a t  (Gq » So ) • Then a s  t h e  s t a r s  a r e  t a k e n ,

by t h e  r e l a t i o n ,  t o  be e q u a l l y  d i v i d e d  betweem t h e  d r i f t s ,  we 

have I -

2 hUo cosGo c o sg o  = Xp + X2  . . • ( ? )

2 hUg s inG o cosg o  = %1 + Y2 , , ( 8 )

2 hUo s in g o .  = Z l  + Z2  . . . ( 9 )

Hence f ro m  (4 )  t o  ( 6 )  and  ( ? )  t o  (9 )  t h e  v a l u e s  o f  X i , . , Z 2

can  be c a l c u l a t e d  and f rom  t h e s e  t h e  p o s i t i o n s  o f  t h e  d r i f t  

a p i c e s  and  t h e i r  v e l o c i t i e s  r e l a t i v e  t o  t h e  s u n .

Most o f  t h e  c o n t e n t  o f  s e c t i o n s  1 t o  9 o f  

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

w hich  h a s  b e e n  a c c e p t e d  by t h e  R o y a l  A s t r o n o m i c a l  S o c i e t y  f o r

p u b l i c a t i o n  i n  t h e  M onth ly  N o t i c e s  t h e r e o f , ( 1 3 )  • A s c r i p t  o f

t h i s  p a p e r  i s  i n c l u d e d  i n  t h e  a p p e n d i x ,

REFERENCES
(1 )  W ,M.Smart ,  M,N. 8 9 , l l 4 ,  1 9 2 9 .
(2 )  W ,M,Smart ,  M,N, 99 ,  3 6 l ,  1939 .
(3 )  W,M,Smart and T . R . T a n n a h i l l ,  M.N. 1 0 0 ,  3 0 ,  1 94 0 .
(4 )  W,M,Sm art  and T . R . T a n n a h i l l ,  M, N,  1 0 0 , 6 8 8 ,  1 9 4 9 .
(5 )  A , S , E d d i n g t o n ,  M,N, 7 0 ,  4 ,  1 9 1 0 .
(6 )  R . D . H . J o n e s ,  M.N, 91 ,  3 6 1 ,  1 9 3 1 .
(7 )  H,Raymond, A , J ,  2 9 ,  23 ,  1 9 1 3 .
(8 )  T . R . T a n n a h i l l .  M.N, 1 1 2 , 3 . , 1 9 3 2 .
(9 )  J . D e l h a y e ,  B u l l ,  A s t r o n , ,  Tome 1 6 ,  1 9 3 1 .
( 1 0 ) J , J a c k s o n ,  Cape C a t a l o g u e ,  1 9 3 6 .  I n t r o ,  p . x x x , ,  
( i D T . R . T a n n a h i l l .  M.N. I l 4 ,  N o .3 ,  1 9 3 4 .
( 1 2 ) T . R s T a n n a h i l l .  M.N, l l 4 ,  N o .4 ,  1 93 4 .
( 1 3 ) D .G ,E w a r t ,  M.N, 1 1 3 , N o .1 ,  19 3 3 .





CHAPTER XI 

SUMMARY OF RESULTS

1 ,  PROPER MOTIONS.

I n  t h e  a n a l y s e s  o f  p r o p e r  m o t i o n s , t h e  

m ain  a im  o f  t h e  i n v e s t i g a t i o n s  was t h e  d e t e r m i n a t i o n  o f  t h e  

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

and  t h e  s e c o n d  t h e  c o m p a r i s o n  o f  t h e  two m ethods  o f  d e t e r m i n i n g  

p r o p e r  m o t i o n s  t h r o u g h  t h e  u se  o f  p h o t o g r a p h y .

From t h e  O .A .2 .  m o t io n s  a  number o f  

v a r i a t i o n s  w i t h  s p e c t r a l  t y p e  were found*  R e g u l a r  v a r i a t i o n s  -  

t h a t  i s ,  p r o g r e s s i v e  v a r i a t i o n s  -  were f o u n d ,  f o r  t h e  D r i f t  

A p ic e s  and v e l o c i t i e s  i n  t h e  f o l l o w i n g  e l e m e n t s

( 1 )  The R*A* o f  D r i f t  XI -  d e c r e a s e  f rom  F t o  K t y p e s

( 2 )  The D ec ,  o f  D r i f t  I I  -  d e c r e a s e  ’•*'

(3 )  The D r i f t  I  v e l o c i t y  -  d e c r e a s e  ** ’*

An i r r e g u l a r  v a r i a t i o n  was f o u n d  f o r  t h e  D r i f t  I I  v e l o c i t y ,

r e l a t i v e  t o  t h e  sun* I n  t h e  p o s i t i o n  o f  D r i f t  I ,  no d e f i n i t e  

v a r i a t i o n s  c o u l d  be e s t a b l i s h e d ,  b u t  t h e  s u g g e s t i o n s  a r e  

t h a t  t h e  R.A* and t h e  D ec ,  b o t h  i n c r e a s e  f rom  t y p e s  F t o  K.

From t h e  C , P , Z ,  m o t i o n s ,  t h e  r e s u l t s  

p o s s e s s  t o o  g r e a t  p r o b a b l e  e r r o r s  t o  p e r m i t  any v a r i a t i o n s  

t o  be r e g a r d e d  a s  s i g n i f i c a n t ,  b u t  t h e r e  a r e  i n d i c a t i o n s  

t h a t  t h e  v a r i a t i o n s  i n  t h e  R.A, and v e & o c i t y  o f  D r i f t  I  and 

t h e  v e l o c i t y  o f  D r i f t  I I  f o l l o w  t h e  above p a t t e r n .



When the r e s u l t s  o f  Tannahill*s analyses  ô ' the proper motions 

of the G*C. are c o s id e r e d , i t  i s  seen  that a l l  the v a r ia t io n s  

noted above are reproduced,with the s o le  ex cep tio n  of the 

d e c l in a t io n  v a r ia t io n  for D r if t  I ,  Some of the v a r ia t io n s  

a lso  lo s e  th e ir  p rogressive  nature when the A s ta r s  are 

in c lu d ed , but for  the F,G and K types the three s e t s  o f  r e s u l t s  

are s e l f  co n f irm a tiv e ,

For the v er tex  of s ta r -strea m in g  and the 

r e la t iv e  v e l o c i t i e s  of the d r i f t s ,  v a r ia t io n s  with sp e c tr a l  

c la s s  are only ev ident for the la t t e r  elem ent, the r e la t iv e  

v e l o c i t i e s  o f  the d r i f t s  in  a l l  three s e t s  o f  r e s u l t s  decreasing  

from the F type s ta r s  to the K s t a r s .  The on ly  v a r ia t io n  

in  thr lon g itu d e  ovf the v er te x  i s  that i t  i s  higher for  the 

F types than for the la t e r  ty p e s ,  which l a t t e r  y ie ld  the 

same d ir e c t io n ,  Esx thm ssiacx mmkisK

For the so la r  motion, the v a r ia t io n s  with  

s p e c tr a l  c la s s  are w e l l  marked. From s p e c tr a l  type F to  K, 

the C.A.Z, r e s u l t s  demonstrate an in crease  in  the R,A. of the 

apex and a decrease in  the so la r  v e lo c i t y  r e la t iv e  to  the 

cen tres  of r e s t  of the groups No s ig n i f i c a n t  v a r ia t io n  in  

the d e c l in a t io n  i s  found, however. For the CpP.Z,, the r e s u l t s  

are too u ncerta in  to  admit of any c o n c lu s io n s ,  but for  the 

G,C, the above v a r ia t io n s  are f u l l y  confirmed, with the 

a d d it io n  of an in crease  in  the d e c l in a t io n  of the apex with
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s p e c tr a l  c l a s s .  F in a l ly  , for  the stream r a t io  Ni to N2, a l l  

the analyses  show that i t  i s  higher for the F type s ta r s  than  

for  the l a t e r  s t a r s ,  for  which i t  may w e ll  be u n ity ,S in c e  the  

errors of these  va lues are not known, i t s  v a r ia t io n  with  

s p e c tr a l  c la s s  cannot be a s se s se d .

Talcing the e l l i p s o i d a l  r e s u l t s , a number 

of these  v a r ia t io n s  are repeated . For the C.A.Z, motions 

a decrease in  the longitude of the v er te x  i s  apparent v/ith sp e c tr a l  

c la s s  but nm regular v a r ia t io n  in  the a x i s - r a t io  cah be 

e s ta b l i s h e d .  The G,P,Z, r e s u l t s  do, however, in d ic a te  the  

p o s s i b i l i t y  o f  a v a r ia t io n  in  the a x i s - r a t io  concordant with  

the tw o -d r if t s  v a r ia t io n  in  the r e la t iv e  v e l o c i t y  of the d r i f t s .  

This i s  borne out by the G,G. r e s u l t s ,  as i s  the v a r ia t io n  in  

the lon g itu d e  of the v er te x ,  but the sp e c tr a l  groups are not 

f u l l y  comparable.

The elements of the so la r  motion as derived  

from the e l l i p s o i d a l  an a lyses  show, for  the C.A.Z, m otions, 

the same v a r ia t io n s  as did the tw o -d r if t s  r e s u l t s   ̂ as do the  

C,P,Z* add the G.C, v a lu e s .  The d e c l in a t io n  v a r ia t io n s  cannot, 

however, be e s ta b l is h e d  from the r e s u l t s .

For magnitude v a r ia t io n s ,  the r e s u l t s  are 

few. But one v a r ia t io n  can be regarded as being e s ta b l is h e d ,  

namely^that the so la r  v e lo c i t y  i s  s y s te m a t ic a l ly  greater for  

the f a in t  s ta r s  in  the C.A.Z, cata logu es than for the b right
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s ta r s  and fmr the G.G, s t a r s ,  which a lso  are b r igh ter  than the 

G.A.Z, f a in t  s t a r s ,  A s l i g h t  in d ic a t io n  th at  the longitude  

of the v er te x  for  the fa in t  s ta r s  i s  s y s te m a t ic a l ly  l e s s  than 

for  the brigh t s ta r s  i s  apparent from the e l l i p s o i d a l  r e s u l t s ,  

but i t  i s  not confirmed by the tw o -d r if ts  r e s u l t s .

Although i t  i s  c lear  that bite v a r ia t io n  in  

the so la r  motion for  the fa in t  s ta r s  compared to  bfee bright  

s ta r s  i s  a d istan ce  e f f e c t  -  the fa in t  s ta r s  of the C.A.Z, 

being p o ss ib ly  as much as twice as d is ta n t  as the bright s ta r s  

i t  i s  not p o ss ib le  to  say what part of the v a r ia t io n s  with  

s p e c tr a l  c la s s  c o n s is t s  of a d istance  e f f e c t  and what part  

i s  a true s p e c tr a l  v a r ia t io n .  To determine t h i s ,  i t  would 

be necessary  to make an a n a ly s is  for each group, using only  

s ta r s  in  each group of the same mean d is ta n c e .  Then the 

v a r ia t io n s ,  i f  any, would be of s p e c tr a l  o r ig in .

Further , before the v a r ia t io n s  cam be 

in te r p r e te d ,  more d e ta i le d  analyses would be requ ired , in  

which the g ian t and dwarf members of each s p e c tr a l  group 

were trea ted  s e p a r a te ly ,

2 , RADIAL VELOCITIES,

From the a n a ly s is  of the r a d ia l  v é lo c i t é s  

of 820 s ta r s  o f  E.D, magnitudes 8 ,5  to  8 , 6 , i t  i s  again  

seen  th a t  the so la r  v e lo c i t y  in cr ea se s  fo r  the fa in te r  s ta r s  

and that there i s  p o s s ib ly  an in crease  in  the R,A, ahd Dec. of 

th e  apex. For the v e lo c i t y  e l l ip s o id ,n o  d e f in i t e  inform ation
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can be ob ta ined , but there i s  a moderate p r o b a b il i ty  that  

the v er te x  lon g itud e  i s  l e s s  than for the b r igh ter  s t a r s ,

3 ,  TW0>DR1FT AND ELLIPSOID RELATION^

The main conclusion  that can be drawn from 

t h i s  in v e s t ig a t io n  i s  th a t ,  d esp ite  the high values of the  

stream r a t io , t h e  true value must d i f f e r  l i t t l e  from u n ity ,  

or^otherwise, the agreement between the observed and the 

c a lc u la te d  va lu es  of the a x i s - r a t io s  would not be so good.

Although h a lf  a century has e lapsed  s in ce  

the two th e o r ie s  of the d is t r ib u t io n  of s t e l l a r  l in e a r  

v e l o c i t i e s  were announced by th e ir  o r ig in a to r s  ^they are s t i l l  

in  u se , u n a ltered . The th e o r ie s  are both ob serv a tio n a l -  that  

i s ,  they wBve chosen in  thÈÂr forms because they would 

represen t the observed d is t r ib u t io n  to a s a t i s f a c t o r y  e x te n t .  

Whether they can be r e la te d  to the dynamical theory of the 

galaxy has been attempted, a number of exp lan ation s of the  

tw o -d r if t s  theory having been advanced s h o r t ly  a f te r  i t s  

annunciation . An example was T urner's.

A p o ss ib le  b a s is  of both th e o r ie s  would 

be from the fa c t  that the p ecu lia r  v e l o c i t i e s ,  to b|te

d is t r ib u t io n  of which the th e o r ie s  r e f e r , are of the form%-

Vp = (Vot -  Voo ) + ( Vgt -  Vge) .....................( 1 )

.where, Vp i s  the p ec u lia r  v e lo c i t y  of  a s t a r ,  Vot the
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v e l o c i t y  of  the iêsK  r e la t iv e  to  the s t a r ,  Vqc the v e lo c i t y  

of the sun r e la t iv e  to  the centre of r e s t  o f  the group of  

s ta r s  of which the s ta r  under co n sid era tio n  i s  a member,

Vg-j; the v e l o c i t y  of  the s ta r  due to  d i f f e r e n t i a l  g a la c t ic  

r o ta t io n  and Vgo the v e lo c i t y  of the centre of  re&# of that  

group of s ta r s  due to  d i f f e r e n t i a l  g a la c t ic  r o ta t io n .  Consider  

a group of s t a r s .  For each s t a r ,  the p e c u lia r  v e lo c i t y  w i l l  

be g iven  by ah ex p ress io n  of the form of ( 1 ) ,  I t  i s  p o s s ib le  

th a t fo r  the whole group of s ta r s  each of the components 

Vot “ Vqc a.nd Vgt sndVgC w i l l  have a mean value d i f f e r in g  

from zero . Put V, = Vot ^oc = Vgt “ Vgc and l e t

th e ir  mean va lu es be V, and V„, Then from the centre of  

r e s t  o f  the V, *s , the V„ *s w i l l  be moving in  some d ir e c t io n  

w ith a v e l o c i t y  V  ̂ • I t  i s  a lso  p o ss ib le  th a t  the d is t r ib u t io n s  

o f the V, &s and o f  the V,, ' s are random about the va lu es  

of V, and V„ r e s p e c t iv e ly .  I f  we could then take the number 

of s ta r s  with p ecu lia r  v e l o c i t i e s  between V  ̂ and Vp + dVp to  

be g iven  by a fu n ctio n  F(Vp) where,

F(V p) = . . . . ( 2 )

then we could identify the two component functions with the 

tv/o drifts, and by taking axes so that the U-axis was along* 

the direction of relative motion of the component distributions 

the two-drifts distribution function used in Chapter IX would 

be obtained. Similarly, the ellipsoidal distribution might be
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obtainab le  by talcing the d is t r ib u t io n  of the Vp 's. to be 

random and then p u ttin g  the V, and V„ *s in  terms of the 

components U,V,W and so fo r th .  A lso, in  g en era l,ea ch  s ta r  

would have a value for  each of i t s  p ecu lia r  v e lo c i t y  

components V, and V,, and there would thus be equal numbers 

of s t a r s  in  each d r i f t .  The v a r ia t io n s  with sp e v tr a l  type 

and d istan ce  might then be capable of in te r p r e ta t io n .

This view would a lso  hold i f  the fa c to r  Vg  ̂ i s  not allowed fo r ,  

that i s  , i f  i t  i s  taken to be zero . Further, for a p a r t icu la r  

group of s ta r s  being exam ined ,either Vj or V„ might be always 

sm all,  or might be zero for  a large  number od the s ta r s  . 

and thus an unequal number of s ta r s  might be found for each 

d r f f t .  A s in g le  d r f f t ,  as was thought to  ob ta in  for the  

B s ta r s ,c o u ld  a lso  be obtained.

I t  i s  c e r ta in ly  p o ss ib le  that a formal. 

In stead  of a t e n ta t iv e  p o s t u la t iv e , approach on these  l in e s  

might r e s u l t  in  the d er iv a tio n  ofa  general d is t r ib u t io n  

fu n ctio n  of the p ecu lia r  v e l o c i t i e s  which, on making one 

approximation or another, would y ie ld  the tw o -d r if t  and the  

e l l i p s o i d a l  theories^and which would a lso  p red ic t  both 

q u a l i t a t iv e ly  and q u a n t i ta t iv e ly  the v a r ia t io n s  that would 

occur w ith  the d is ta n ces  of the s ta r s  concerned.


