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We h a v e r e c e n t l y c o m p l e t e d a t C o l u m b i a U n i v e r s i t y a s u r v e y w i t h a 
1 . 2 m e t e r t e l e s c o p e o f 2 . 6 mm CO e m i s s i o n f r o m t h e f i r s t g a l a c t i c q u a d ­
r a n t . The b e a m w i d t h o f t h i s t e l e s c o p e - 7 . 5 1 a t 2 . 6 mm - i s o p t i m a l f o r 
a l a r g e - s c a l e g a l a c t i c s u r v e y : i t i s a s s m a l l a s t h a t o f t h e b e s t 2 1 - c m 
s u r v e y s b u t n o t s o s m a l l t h a t u n d e r s a m p l i n g i s r e q u i r e d t o f i n i s h a s u r ­
v e y i n a f e w h u n d r e d d a y s o f o b s e r v i n g . The s u r v e y c o n t a i n s more t h a n 
3 0 0 0 s p e c t r a b e t w e e n l o n g i t u d e s 1 2 ° a n d 6 0 ° a n d l a t i t u d e s - l ° a n d +1°. S p e c ­
t r a w e r e t a k e n e v e r y b e a m w i d t h f o r \b | < L 0 . 2 5 ° a n d e v e r y t w o b e a m w i d t h s 
e l s e w h e r e . I n t e g r a t i o n t i m e s , w h i c h a v e r a g e d a b o u t 8 m i n u t e s , w e r e a d ­
j u s t e d t o g i v e an rms n o i s e l e v e l o f 0 . 3 K p e r 0 . 5 MHz s p e c t r a l c h a n n e l . 

Wi th t h e d e n s e s a m p l i n g o f o u r s u r v e y i t i s p o s s i b l e f o r t h e f i r s t 
t i m e t o i m p r o v e u p o n t h e a x i s y m m e t r i c m o d e l s u s e d i n a n a l y z i n g p r e v i o u s 
u n d e r s a m p l e d s u r v e y s . ( S e e S o l o m o n et_ a l . ( 1 9 7 9 ) f o r a summary o f 
p r e v i o u s w o r k . ) The s o - c a l l e d m o l e c u l a r r i n g , v i s i b l e a l o n g t h e l o w e r 
r i g h t o f t h e l o n g i t u d e - v e l o c i t y map i n f i g u r e 1 , i s now r e s o l v e d i n t o 
two d i s t i n c t p a r a l l e l l a n e s . As t h e f i g u r e i n s e t s h o w s , t h e s e a r e t h e 
c l a s s i c a l Scutum a n d 4 - k p c a r m s . The o t h e r m a i n 2 1 - c m f e a t u r e s a l s o 
h a v e d i s t i n c t CO c o u n t e r p a r t s : A a n d B a r e t h e l o c a l arm, and C i s t h e 
S a g i t t a r i u s a r m . The arms a r e s e p a r a t e d b y r e g i o n s l a r g e l y f r e e o f mo­
l e c u l a r c l o u d s . The h o l e s w i t h i n t h e l o o p o f t h e S a g i t t a r i u s arm, b e ­
t w e e n t h e S a g i t t a r i u s a n d S c u t u m a r m s , a n d b e t w e e n t h e S c u t u m and 4 - k p c 
arms, a l l r e p r e s e n t e x t e n s i v e i n t e r a r m r e g i o n s . 

The c o n f i n e m e n t o f m o l e c u l a r c l o u d s t o s p i r a l arms i m p l i e s t h a t 
t h e y a r e t r a n s i e n t o b j e c t s w i t h l i f e t i m e s l e s s t h a n 10** y e a r s , t h e t i m e 
i t t a k e s i n t e r s t e l l a r m a t t e r t o c r o s s a s p i r a l a r m . A c o r o l l a r y , b a s e d 
o n s i m p l e c o n s e r v a t i o n o f m a s s , i s t h a t t h e m o l e c u l a r c l o u d s c a n n o t 
r e p r e s e n t much m o r e t h a n h a l f t h e i n t e r s t e l l a r g a s . 
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Figure 1. The £, v diagram obtained when our survey is integrated across the 
galactic plane fromb=-l° to +1° and smoothed by 0.25° in The insert locates 
the main 21-cm arms with respect to our CO I, v diagram. A and B are Lindblad1s 
local ring (Burton and Shane 1970; Lindblad et al. 1973) ; C is the Sagittarius 
arm (Burton and Shane 1970) ; D and E are the Scutum and 4-kpc arms(Shane 1972). 
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DISCUSSION FOLLOWING COHEN 

Sanders: You have used the term "spiral arms" in describing the 
large ordered features that seem to be present in your plot of 1 2C0 
emission in the longitude-velocity plane in the area 12° ̂  £ ̂  60°, 
|b| ̂ 0?25. The apparent correlation with HI 21-cm emission-contour 
ridges was also mentioned as further evidence of "arms", yet no clear 
spiral structure has emerged from extensive analysis of the HI data. 
Are you saying that the 1 2 C 0 data gives a more clear picture of spiral 
structure? 

Cohen: Of course there are many difficulties in going from the 
&-V diagram to real space. The point is that the large 21-cm objects 
that have been traditionally called spiral arms are seen as well or 
better in CO. It remains an open question whether these can be 
connected into a "grand design" of spiral structure. 

Silk: Could the evidence you have found for spiral features 
correspond to the spiral structure noted by Solomon in the hotter CO 
clouds? In other words, is your sensitivity lower than his? 

Cohen: Our sensitivities are about the same. The real difference 
is in coverage; we have taken spectra every beamwidth or every other 
beamwidth over the molecular disk, while the small beam of the NRAO 
36-foot telescope forces its users to undersample area by a factor of 
about 100. 

Gordon: Comparison of a 2-arm density wave model with our CO 
observations shows some agreement (see the side-by-side illustrations 
by Gordon and Burton, Scientific American, May 1979) . However, even 
more striking is the large discrepancy still remaining. Evidently the 
arrangement of molecular clouds in our galaxy is much more complicated 
than simple spirals, either in physical or velocity space. In this 
regard our computer analysis agrees quite well with the results of 
Sanders and Solomon. 

Cohen: There are certainly some molecular clouds between the arms, 
but I think the data show that molecules are even more concentrated in 
the arms than is HI. 
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