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SUMMARY. Spectral survey of 245 galaxies with mß<17.5 in the narrow 

strip {+2ÊP20'>DEC>+28P10', 15h28 m0>R.A>10h42 m0} confirms a bubble-

like type of the large-scale structure around the coma supercluster, 

have been founded by Lapparent et al. (1986). A correlation function in 

the volume has the power index γ=1.5 and the correlation radius r 0= 

29 Mpc (H=75 Km/s Mpc). For the sample of 14 voids their mean diameter 

<D V> equals to (33±3) Mpc. This value coincides with the correlation 

scale r 0= 32 Mpc for Abell clusters, and also with the mean length of 

"God finger" for a rich cluster, 2/3σ νΗ"
1 =32Mpc. We note a presence 

of a preferential orientation of voids toward the Coma supercluster, 

<D vrad>/<n vtan> = 1.15±0.8, that corresponds to a possible 

peculiar flow toward/outward Coma with Vp e c~400±200 (Km/s) at a 

scale ~100 Mpc. 
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I . INTRODUCTION 

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

t h e c e n t r a l r e g i o n o f t h e Coma c l u s t e r ( T i f f t , G r e g o r y , 1 9 7 6 , 

G r e g o r y , Thompson, 1 9 7 8 , K e n t , Gunn, 1 9 8 2 ) h a v e r e v e a l e d an 

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

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

c l u s t e r s a s w e l l : i n P e r s e u s , H e r c u l e s , C a n c e r . A n e c c e s s i t y o f 

e x t e n d i n g t h e s u r v e y o f Coma t o i t s w i d e r v i c i n i t y and 

m e a s u r e m e n t s o f r e d s h i f t s f o r f a i n t e r g a l a x i e s was g r o w i n g 

e v i d e n t . Such an o b s e r v i n g p r o g r a m was s t a r t e d by u s a t t h e 

6 - m e t e r t e l e s c o p e i n 1 9 8 2 i n c o o p e r a t i o n w i t h t h e I n s t i t u t e o f 

A p p l i e d M a t h e m a t i c s ( Y a . B . Z e l f d o v i c h , A . G . D o r o s h k e v i c h , S . F . 

S h a n d a r i n ) and t h e T a r t u O b s e r v a t o r y ( J . E i n a s t o , E . T a g o , 

P . T e n n e s ) . The i n i t i a l a i m s o f t h i s program w e r e : * 

a . D e t e r m i n a t i o n o f t h e maximum b o u n d a r i e s t o w h i c h t h e Coma 

s u p e r c l u s t e r e x t e n d s . S p e c i f i c a t i o n o f t h e v i r i a l mass f r o m t h e 

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

b . S e a r c h f o r an e x t e n d e d s u p e r c o r o n a o f Coma as sumed t o be 

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

1 9 8 2 ) . 

c . S t u d y o f a l a r g e - s c a l e s t r u c t u r e ( v o i d s , s h e l l s ) i n t h e 

v o l u m e w i t h a d e p t h Ζ 0 . 1 , E s t i m a t i o n o f a t y p i c a l v o i d 

a m p l i t u d e and a c h a r a c t e r i s t i c t h i c k n e s s o f s h e l l s / f i l a m e n t s . 

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

s q u a r e s ( K i r s h n e r e t . a l . , 1 9 8 1 ) we. c h o o s e d t h e f i e l d c o n f i g u r a -

t i o n a s a l o n g n a r r o w s t r i p . The s t r i p i s o r i e n t e d a l o n g t h e 

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

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

+ 2 8 ° 1 0 f < DEC < + 2 8 ° 2 0 » 

1 0 h 4 2 m O < R . A . O 5 h 2 8 m 0 

i s a l m o s t s y m m e t r i c r e l a t i v e t o t h e c e n t r e o f Coma ( I 2 h 5 8 m 4 5 s , 

+ 2 8 ° 1 5 ' 1 6 " ) w i t h a l i t l e p r o l o n g a t i o n t o w a r d s t h e C o r . B o r . 

c l u s t e r ( 1 5 h 2 0 m O + 2 7 ° 4 8 f ) . The i n t e g r a l a r e a o f t h e s t r i p makes 

S= 6 3 ? 0 x ( 1 / 6 ) ° = 1 0 . 5 s q . d e g r e e s . 

I I . OBSERVATIONS 

We i n s p e c t e d t h e s t r i p on t h e POSS p r i n t s and s e l e c t e d 

Λ / 5 0 0 b r i g h t e s t g a l a x i e s . T h e i r c o o r d i n a t e s and a p p a r e n t 
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m a g n i t u d e s were m e a s u r e d on t h e p l a t e s o b t a i n e d w i t h t h e 4 0 - c m 

a s t r o g r a p h ( f i e l d 8 ° x 8 ° , s c a l e 1 0 0 1 1 / m m ) . P h o t o m e t r i c c a l i b r a t i o n s 

o f t h e m e a s u r e m e n t s w e r e made f r o m t h e d a t a by Godwin e t a l . 

( 1 9 8 3 ) and t h e g a l a x i e s o f t h e c a t a l o g u e by Z w i c k y e t a l * ( 1 9 6 1 -

1 9 6 8 ) . Root -meam s q u a r e e r r o r s o f t h e c o o r d i n a t e and m a g n i t u d e 

m e a s u r e m e n t s w e r e 8 M and 0 m 2 8 , r e s p e c t i v e l y . Out o f t h e g o 

p h o t o m e t r y r e s u l t s we l e f t i n t h e f i n a l s a m p l e n= 3 5 0 g a l a x i e s 

w i t h m B ^ 1 8 m 0 . The d e n s i t y d i s t r i b u t i o n o f t h e number o f 

g a l a x i e s b r i g h t e r t h a n 1 8 m 0 i n t h e s t r i p i s p r e s e n t e d i n F i g . 1 

w i t h t h e h i s t o g r a m . Here t h e number o f g a l a x i e s p e r s q u a r e 

d e g r e e i s a v e r a g e d o v e r t h e i n t e r v a l Δ R A = 2 ° and e x p r e s s e d i n 

l o g a r y t h m i c s c a l e . A n a l o g o u s number o f g a l a x i e s f r o m t h e Z w i c k y 

c a t a l o g u e w i t h
 m

z w 0 5 . 7 i s marked by v e r t i c a l l i n e s . The p o i n t s 

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

w i t h n i p g ^ 1 8 m 8 t a k e n f r o m t h e d a t a o f L i c k c o u n t s ( S h a n e , 

W i r t a n e n , 1 9 6 7 ) . The w i d t h o f a band a c c o r d i n g t o DEC was c h o s e n 

i n b o t h c a t a l o g u e s e q u a l t o 1 ° . The e x p e c t e d number o f g a l a x i e s 

i n our s t r i p up t o t h e L i c k s u r v e y l i m i t i s a b o u t 1 3 0 0 . 

I n 1 9 8 3 - 1 9 8 7 we made s p e c t r a l o b s e r v a t i o n s o f t h e Coma 

s t r i p g a l a x i e s u s i n g t h e 6 - m e t e r t e l e s c o p e o f t h e SAO USSR A S . 

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

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

1 0 2 4 - c h a n n e l TV s c a n n e r i n t h e Nasmyth f o c u s u n d e r t h e same 

s p e c t r a l r e s o l u t i o n ^ 5 A. By t h e p r e s e n t moment r a d i a l v e l o c i t i -

e s h a v e b e e n d e t e r m i n e d f o r 2 4 5 g a l a x i e s , t h a t c o r r e s p o n d s t o 

t h e c o m p l e t e n e s s o f o u r s p e c t r a l s u r v e y P= 0 . 7 0 up t o 1 8 m 0 o r 

P= 0 . 8 0 up t o 1 7 m 5 # C o o r d i n a t e s , a p p a r e n t m a g n i t u d e s , a n g u l a r 

d i a m e t e r s and r a d i a l v e l o c i t i e s o f t h e g a l a x i e s w i l l be p u b l i s h e d 

on t h e c o m p l e t i o n o f t h e s p e c t r a l s u r v e y ( K a r a c h e n t s e v , K o p y l o v , 

1 9 9 0 ) . 

I I I . DISCUSSION 

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

by «j_RA, V^j - p l o t i n P i g . 2 . Each g a l a x y i s r e p r e s e n t e d by a 

p o i n t . Four o b j e c t s l i e b e y o n d t h e b o u n d a r y V= 3 0 0 0 0 k m / s . 

The d a s h e d l i n e shows t h e r e g i o n o f t h e s u r v e y made by L a p p a r e n t 

e t a l . ( 1 9 8 6 ) . T h i s s u r v e y c o n t a i n s r a d i a l v e l o c i t y d a t a f o r a l l 

1 0 9 9 g a l a x i e s i n s i d e 8 h < RA < 1 7 h , 2 6 ? 5 < D E C < 3 2 ? 5 band w i t h 
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F i g . 2 : Wedge-diagram for d i s t r i b u t i o n of g a l a x i e s in the Coma 

s t r i p according to R.A. and r a d i a l v e l o c i t i e s ( K m / s ) . The reg ion 

s u r v e i e d by Lapparent et a l . ( 1 9 8 6 ) i s marked by a dashed l i n e . 
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m B 0 5 . 5 . We s h a l l a d d r e s s r a t h e r o f t e n t o t h e d a t a o f t h e 

s u r v e y by L a p p a r e n t e t a l . 

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

P i g , 2 by a s t r o n g c o n c e n t r a t i o n o f p o i n t s s t r e t c h e d a l o n g t h e 

l i n e o f s i g h t . T h i s w e l l known p e c u l i a r i t y i s named "God f i n g e r " 

and i s c a u s e d by t h e v i r i a l m o t i o n s o f g a l a x i e s i n t h e c l u s t e r . 

A p p a r e n t a n g u l a r d i a m e t e r o f t h e Coma i n our c u t i s no h i g h e r 

a s t h e e x p e c t e d H u b b l e ^ o n e . Δ, RA - 2 ( j v / < V > ~i 1 5 ° , where 

< V > = 6 9 0 0 k m / s i s t h e mean v e l o c i t y o f t h e c l u s t e r , and ( j y = 

9 2 0 k m / s i s r a d i a l v e l o c i t y d i s p e r s i o n . 

I n F i g . 2 and a n a l o g o u s d i a g r a m by L a p p a r e n t e t a l . ( 1 9 8 6 ) 

can be s e e n q u i t e a number o f g a l a x i e s s i t u a t e d i m m e d i a t e l y 

b e y o n d t h e H u b b l e ' s r a d i u s o f t h e Coma. However t h e r e a r e no 

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

e n v e l o p e ( s u p e r c o r o n a ) a r o u n d t h e Coma c l u s t e r . I n any c a s e i t 

w o u l d be r i s k y t o u s e t h e i r c o o r d i n a t e s and v e l o c i t i e s f o r t h e 

Coma v i r i a l mass d e t e r m i n a t i o n . 

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

o f g a l a x i e s i s an a u t o c o r r e l a t i o n f u n c t i o n ^ ( r ) = N g g / N p p ~ 1 · 

H e r e N g g ( r ) a n d N p p ^ r ^ d e n o t e t h e number o f p a i r s o f g a l a x i e s 

and t h e number o f p a i r s o f P o i s s o n 1 s p a r t i c l e s s i m u l a t e d i n t h e 

same v o l u m e and i n t h e same q u a n t i t y a s t h e g a l a x i e s . U s i n g f o r 

e s t i m a t i o n o f t h e s p a t i a l d i s t a n c e b e t w e e n two o b j e c t s i n t h e 

s t r i p t h e e x p r e s s i o n 

r 2 = H ~ 2 ( V2+ v|- 2 V ^ c o s θ 1 2 ), 

c o s θ 1 2 = s i n D i * 8 i n I ) 2 + c o s D i c o s ^ 2 ( R A

1

, " R - A - 2 ^ 

we h a v e c a l c u l a t e d t h e v a l u e s o f ^ ( r ) f o r 2 3 4 g a l a x i e s o f t h e 

Coma s t r i p w i t h V < 2 5 0 0 0 k m / s . The r e s u l t s a r e p r e s e n t e d i n 

F i g . 3 by o p e n c i r c l e s . H e r e and b e l o w we assume t h e v a l u e o f 

H u b b l e c o n s t a n t H= 7 5 k m / s M p c 

P e e b l e s and h i s c o w r i t e r s h a v e d e m o n s t r a t e d t h a t g a l a x y 

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

u n i v e r s a l l a w ^ ( r ) = ( r Q / r ) w i t h t h e i n d e x = 1 . 7 5 and 

t h e c o r r e l a t i o n r a d i u s r Q = ( 6 - 7 ) Mpc ( D a v i s , P e e b l e s , 1 9 8 3 ) · 

A c c o r d i n g t o K l y p i n and K o p y l o v ( 1 9 8 3 ) t h e same power l a w , b u t 

w i t h r Q = ( 3 0 - 3 5 ) M p c , i s t r u e t o t h e d i s t r i b u t i o n o f r i c h A b e l l 

c l u s t e r s . D u r i n g t h e l a s t t i m e i n d i c a t i o n s h a v e come t o a p p e a r 
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' "Voidology" is a branch of sience on an edge of art 

("bubblegraphy") and religion (dzen). It has no subject to 

study. The founder - E. Torricelli (1608 -1047) , who refuted 

a postulate that nature fears emptiness. Together with 

Torricelli we claim: "Nature likes emptiness". 

that the values of both parameters, % and r Q , in the Peebles 

law are essentially dependant on a type of sample of galaxies. 

So, from the data by Giovanelli et al. (1986) the index 

varies smoothly along the Hubble sequence, running over the 

values from # (E) = 2.1 to tf(Sm)= 1.3· For rather faint 

galaxies in the Coma strip we have had no possibility to 

determine confidently their structural type. However we found 

that objects with emission spectra (late types) are characteri-

zed by the parameters = 0.9, r Q = 11 Mpc, while galaxies with 

absorption spectra have # = 1.5 and r Q = 29 Mpc. 

Einasto et al. (1986) have provided evidence that the 

correlation length r Q is not the universal constant, but is 

dependant on a linear size, 1, of a sample in question. For the 

most different samples: of galaxies and of systems of galaxies 

a common statistical relation is detectable. In 

order to illustrate this scale effect, in Fig.3 we present a 

correlation function calculated for 33 members of the Local 

group inside the volume (5·5 Mpc)3. As can be seen, the para-

meter r Q for galaxies in the Coma strip is one order larger 

than in the Local group and does not practically differ from 

the correlation length for Abell clusters. 

IV. SOME STEPS TOWARD "V0ID0L0GY" 8) 

Lapparent et al. (1986) have shown that the observed 

distribution of galaxies in the Coma neighbourhood corresponds 

best to the picture of bubble- like voids surrounded by 

surfaces on which galaxies are situated. A typical diameter of 

a void makes (30- 40) Mpc, and a typical thickness of its 

envelope is ^ 7 Mpc. Such voids can be seen also in our more 

narrow, but deeper survey. Here for the common space region a 

good recurrence of "geographic relief" occurs. 
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Up t o t h e l a t e s t t i m e a d i s c r i p t i o n o f i n d i v i d u a l , t h e b e s t 

known empty v o l u m e s c o u l d be f o u n d i n l i t e r a t u r e . We h a v e 

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

o r d i n a r y phenomenon and t o e s t i m a t e some mean p a r a m e t e r s o f 

v o i d s . F o r t h i s p u r p o s e we h a v e o u t l i n e d t h e c o n t o u r s o f v o i d s 

i n t h e common r e g i o n o f t h e two s u r v e y s . To r e d u c e p r e c o n c e p t i o n 

we h a v e p o s e d t h e t a s k t o c h i l d r e n , s e l e c t e d common e l e m e n t s o f 

t h e i r d r a w i n g s and s m o o t h e d t h e c o n t o u r s . 

A " s l i c e o f S w i s s c h e e s e " o b t a i n e d i s p r e s e n t e d i n F i g . 4 . 

1 7 " h o l e s " a r e marked on i t , t h a t a r e numbered i n t h e o r d e r o f 

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

e v e n t h e r e a l i t y o f some o f t h e v o i d s can b e a r g u e d . The s u b j e c t -

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

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

g a l a x i e s i s s m a l l due t o a s e l e c t i o n a c c o r d i n g t o t h e i r d i s t a n c e s . 

F o r t h i s a n s e m b l e o f empty v o l u m e s t h e f o l l o w i n g p a r a m e t e r s and 

r e l a t i o n s a r e c h a r a c t e r i s t i c . 

a . A t e n d e n c y i s marked t o i n c r e a s i n g t h e d i a m e t e r o f an empty 

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

s t a t i s t i c a l s e l e c t i o n . I f t h r e e o f t h e r e m o t e s t o b j e c t s were 

e x c l u d e d , t h e mean d i a m e t e r w o u l d be <C = ( 3 3 + 3 ) Mpc . N o t e 

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

m a t c h e s t h e c o r r e l a t i o n s c a l e f o r r i c h c l u s t e r s , <(. — r Q — 

3 3 Mpc; t h e r a d i a l v e l o c i t y d i s p e r s i o n i n a t y p i c a l A b e l l 

c l u s t e r , ö ^ 7 0 0 k m / s , \ s e q u i v a l e n t t o a d i f f e r e n c e i n 

v e l o c i t i e s a c r o s s a v o i d : 2 λ /3* f j y H ~ 1 ~ < ^ D y > ~ 32 M p c 

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

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

o f t h e U n i v e r s e . 

b . As d i f f e r e n t f rom c l u s t e r s t h e v o i d s do n o t show t h e e f f e c t 

o f "God f i n g e r s " . S o , t h e mean r a t i o o f t h e r a d i a l s i z e t o 

t a n g e n t i a l one makes 0 . 9 4 T O . 0 8 · A l o n g s i d e w i t h t h i s a p r e -

f e r e n t i a l o r i e n t a t i o n o f empty v o l u m e s t o w a r d s t h e Coma c l u s t e r 

i s e v i d e n t i n F i g . 4 ( i t i s marked by a c r o s s ) . R e l a t i v e t o 

Coma ( b u t n o t t h e o b s e r v e r ) t h e r a t i o o f t h e r a d i a l s i z e o f t h e 

v o i d s t o t a n g e n t i a l one i s on t h e a v e r a g e 1.15 T O . 0 8 . Such 

a n i s o t r o p y , i f i t i s r e a l , may be i n d i c a t i v e o f an e x i s t e n c e o f 

l a r g e - s c a l e p e c u l i a r f l o w s w i t h V c ^ 4 0 0 k m / s c a l l e d f o r t h by 
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Fig. 4 : Wedge-diagram for distribution of voids according to 

R.A. and radial velocities (km/s) in the strip, which passes the Coma 

cluster center. 
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a g r a v i t a t i o n f i e l d o f r i c h c l u s t e r . Some s u p p o r t o f t h i s 

e f f e c t c a n be f o u n d on t h e £ v , DEC "Jj - p l o t s p r e s e n t e d by 

F a i r a l l ( 1 9 8 5 ) . 

c . I n t h e r e g i o n V < 15 0 0 0 k m / s t h e empty v o l u m e s w e r e 

o u t l i n e d f r o m t h e d i s t r i b u t i o n o f g a l a x i e s a s b r i g h t a s 15^ 5 

( L a p p a r e n t e t a l . , 1 9 8 6 ) . I f t h e d i r e c t members o f t h e Coma 

c l u s t e r w e r e e x c l u d e d , o n l y 5 o u t o f 85 g a l a x i e s o f t h e f a i r e r 

s u r v e y , h a v i n g V < 15 0 0 0 k m / s , wou ld f a l l i n s i d e t h e marked 

v o i d s . A l m o s t a l l o f them a r e n e a r t h e b o u n d a r i e s o f t h e 

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

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

v o i d s s y ~ 1 / 3 an a s s u m p t i o n t h a t t h e f a i n t g a l a x i e s a v o i d 

o c c a s i o n a l y empty r e g i o n s i n d i c a t e d l o o k s q u i t e u n l i k e l y . N o t e 

t h a t a t a d i s t a n c e o f empty v o l u m e n ° 2 ( V = 3 5 0 0 k m / s ) t h e 

a b s o l u t e m a g n i t u d e o f g a l a x i e s M - - I 6 m c o r r e s p o n d s t o t h e 

l i m i t o f our s u r v e y m= 1 7 ? 5 . From an i n d i r e c t e s t i m a t e t h e 

d e n s i t y c o n t r a s t f o r t h e mean v o i d i s 8 η / η ^ 0.15 a b o v e z e r o . 

V . FINAL REMARK 

Compar ing o f t h e d i s t r i b u t i o n o f g a l a x i e s i n o u r s u r v e y 

w i t h t h e d a t a by L a p p a r e n t e t a l . ( 1 9 8 6 ) t h e e s s e n t i a l 

d i f f e r e n c e i n t h e w i d t h o f t h e two s u r v e y s s h o u l d be k e p t i n 

m i n d . A t t h e d i s . t a n c e o f Coma t h e s t r i p Δ DEC= 1 0 1 c o r r e s p o n d s 

t o 0 . 2 7 Mpc , w h i c h i s many t i m e s s m a l l e r t h a n t h e t h i c k n e s s o f 

a t y p i c a l b u b b l e e n v e l o p e . F o r t h i s r e a s o n t h e q u e s t i o n r e m a i n s 

open i f empty v o l u m e s r e a l l y p r e s e r v e q u i t e empty u n d e r 

t r a n s i t i o n f r o m n o r m a l l u m i n o s i t y g a l a x i e s t o d w a r f s . To f u l l y 

a n s w e r t h i s q u e s t i o n new mass m e a s u r e m e n t s o f r e d s h i f t s f o r 

f a i n t g a l a x i e s a r e n e e d e d . 
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