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"The s t e l l a r mi lky way, in the r e g i o n o f which, a c c o r d i n g t o 

A r g e l a n d e r ' s admirable o b s e r v a t i o n s , the b r i g h t e s t s t a r s o f the 

firmament appear t o be congregated , i s a lmost a t r i g h t a n g l e s * w i t h 

another mi lky way, composed of n e b u l a e . . , . The mi lky way composed of 

nebulae does not be long t o our s t a r r y s t ra tum, but surrounds i t a t g r e a t 

d i s t a n c e wi thout be ing p h y s i c a l l y connected wi th i t , p a s s i n g a lmost in 

the form of a l a r g e c r o s s through the dense nebulae of V i r g o , e s p e c i a l l y 

the northern wing, through Coma B e r e n i c i s , Ursa M a j o r , Andromeda's 

g i r d l e , and P i s c e s B o r e a l e s . w These words, p u b l i s h e d 1M0 y e a r s ago by 

Alexander von Humboldt ( 1 8 4 9 ) , o u t l i n e the program which b r i n g s us a l l 

t o Hungary f o r t h i s c o n f e r e n c e . 

Fo l lowing the r e s u l t of the Faber group ( B u r s t e i n 1 9 8 7 , Faber 
1 9 8 7 ) , I have i n v e s t i g a t e d the l a r g e - s c a l e mot ions e x h i b i t e d by a group 
of s p i r a l g a l a x i e s which my c o l l e a g u e s and I had p r e v i o u s l y s t u d i e d f o r 
i n d i v i d u a l r o t a t i o n p r o p e r t i e s . R o t a t i o n curves are a good d i a g n o s t i c of 
ga laxy l u m i n o s i t y ; v e l o c i t i e s r i s e r a p i d l y with r a d i u s f o r h igh 
l u m i n o s i t y g a l a x i e s , and they r i s e t o h igher r o t a t i o n a l v e l o c i t i e s . 
These p r o p e r t i e s l ead t o the T u l l y - F i s h e r r e l a t i o n . These p r o p e r t i e s 
a l s o make i t p o s s i b l e t o c o n s t r u c t s y n t h e t i c r o t a t i o n curves (Rubin 
1 9 8 5 ) , t empla te s which can be employed t o e s t i m a t e the a b s o l u t e 
magnitude of any s p i r a l with a known r o t a t i o n curve and Hubble t y p e . 

For each program s p i r a l , a d i s t a n c e i s found from i t s c o r r e c t e d 
apparent magnitude, and from i t s a b s o l u t e magnitude e s t i m a t e d from i t s 
r o t a t i o n c u r v e . Such d i s t a n c e i s independent of i t s observed v e l o c i t y . 
For a va lue of H » 5 0 km s e c - 1 M p c - 1 , I then c a l c u l a t e the d i f f e r e n c e 
between the v e l o c i t y p r e d i c t e d a t i t s d i s t a n c e by a smooth Hubble f l o w , 
and the observed v e l o c i t y . As in the Faber work, t h e r e s t frame i s 
de f ined by the cosmic background r a d i a t i o n (CBR). The motion o f the 
observer with r e s p e c t t o the Loca l Group, and the motion of the L o c a l 
Group with r e s p e c t t o the CBR, a r e removed. The i n c l u s i o n o f a V i r g o 
i n f a l l component does not a l t e r the s o l u t i o n . 
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F igure 1 . Res idua l v e l o c i t i e s 
from a smooth Hubble f l o w , f o r 
47 s p i r a l s , 400<V<3600 km/s , 
p l o t t e d as a f u n c t i o n o f 
angular d i s t a n c e from the 
d e r i v e d apex . A bulk motion o f 
7 7 7 ± 1 5 8 km/s i s i n d i c a t e d . The 
sample i s r e a s o n a b l y w e l l 
d i s t r i b u t e d on the sky f o r 
d e c l i n a t i o n s above - 1 0 , but 
t h e r e are a lmost no g a l a x i e s 
below δ * - 3 0 ° . -2000 
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R e s u l t s from a sample o f 47 s p i r a l s are shown in F i g . 1 , where I 
p l o t f o r each ga laxy AV v e r s u s the c o s i n e of the apex d i s t a n c e . AV i s 
d e f i n e d as the d i f f e r e n c e between the observed v e l o c i t y , c o r r e c t e d f o r 
the motion o f the observer wi th r e s p e c t t o the Loca l Group and the 
motion of the LG wi th r e s p e c t t o the CBR, and the Hubble v e l o c i t y 
p r e d i c t e d a t the d i s t a n c e of the g a l a x y . A bulk motion o f the s e t of 
g a l a x i e s w i l l be i n d i c a t e d by a d iagona l l i n e on such a p l o t , w i th the 
ampl i tude of the motion equal t o the va lue of AV at c o s ( a p e x ) « 1 . The 
apex of the motion i s found u l t i m a t e l y from a l e a s t squares s o l u t i o n of 
an equat ion of the form AV=V c o s ( a p e x ) , which minimizes e r r o r s in t h e 
v e l o c i t y c o o r d i n a t e . 

The r e s u l t a n t bulk motion of V=777±158 km/s toward £ ,=271° , b « + 1 0 ° , 
i s c l o s e t o the d i r e c t i o n of motion of the LG with r e s p e c t t o the CBR; 
i t agrees w e l l with o t h e r r e c e n t de terminat ions ( F i g . 2 ) , as w e l l as 
wi th the Rubin e t a l . ( 1 9 7 6 ) r e s u l t , a f t e r t h a t r e s u l t i s t rans formed 
(Faber 1987) t o the CBR r e s t f rame. I would l i k e t o put the 1976 r e s u l t 
i n t o p e r s p e c t i v e wi th a few comments. In our 1976 work, we determined a 
s o l a r motion of 600 km/s with r e s p e c t t o S e i g a l a x i e s wi th v e l o c i t i e s 
l e s s than 6500 km/s; t h i s correspgnds t o a L o c a l Group motion of 450 
km/s toward S, near 1 7 0 ° , b near 0 . T h i s r e s u l t c o n f l i c t e d wi th r e s u l t s 
from e a r l y e f f o r t s t o d e t e c t a d i p o l e v a r i a t i o n of the CBR ( P a r t r i d g e 
1974 i s the r e f e r e n c e we q u o t e ) , which impl ied a smal l v e l o c i t y , V© < 
300 km/s . Not s u r p r i s i n g l y , the o p t i c a l r e s u l t s were met w i th the 
comment t h a t "the motion of the sun c a n ' t be so l a r g e " . S h o r t l y 
t h e r e a f t e r , the d i p o l e v a r i a t i o n in the MBR was d e t e c t e d (Smoot 1 9 7 7 ) 
and u l t i m a t e l y i n t e r p r e t e d as a m o t i o n Q o f the Local Group o f about 600 
k m / s ) , but in a d i r e c t i o n more than 90 from the o p t i c a l d i p o l e . 

The q u e s t i o n then r e p e a t e d l y asked, "Why i s n ' t the o p t i c a l d i p o l e 
in t h e d i r e c t i o n of the CBR d i p o l e ? " can now be answered. The L o c a l 
Group and the Sc I o p t i c a l sample are moving toge ther in the d i r e c t i o n 
of the CBR d i p o l e . In our 1976 s o l u t i o n we were determining o n l y the 
" s m a l l - s c a l e " motion of the LG with r e s p e c t t o the s e t o f Sc I g a l a x i e s . 

https://doi.org/10.1017/S0074180900136009 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900136009


183 

Figure 2. The location, in 60 
galactic coordinates, of the 
apex of the bulk motion of the 
relatively nearby galaxies, as 4 Q 

determined from some recent 
studies. ^ 
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Because such LG motion (450 km/s) is small compared with the motion (614 
km/s) with respect to the CBR, the vector sum of the two produces a 
velocity in a direction close to that of the MBR dipole (Fig. 2 ) . Thus, 
part of the agreement of all of the apices in Fig. 2 arises because each 
is the vector sum of a smaller motion of the LG with respect to the 
sample, plus the larger motion of the LG with respect to the rest frame 
defined by the CBR. 

Questions remain concerning the interpretation of all of these 
results. Is a model based on the attraction of a dominant large mass a 
better fit than a model based on a bulk flow? Are the differences 
between solutions significant, or are they all merely approximations to 
the direction and magnitude of the CBR dipole? Finally, can we rule out 
the possibility that there are differences in galaxies in different 
regions of the sky, which we erroneously interpret as a velocity? At a 
distance where V-3500 km/s, a change in absolute magnitude by 0.4 
magnitude will mimic a velocity of 600 km/s. It seems unlikely that a 
variation across the sky of twice this amount will have gone unnoticed. 
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