
YI. A Tentatiye Determination of the Surface 
Brightness of Dark Nebulae.1 

By V. R i i v e s . 

A b s o r b i n g clouds appear on the b r i g h t beit of the Milky 
W a y as dark m a r k i n g s . But the dark nebulae d o u b t l e s s l y 
p o s s e s s some s u r f a c e b r i g h t n e s s of their own, b e c a u s e their 
p a r t i d e s m u s t re f lect the s t a r l i g h t . In the f o l l o w i n g it i s 
a t tempted to der ive a probable va lue of their s u r f a c e b r i g h t n e s s , 
and f rom that to es t imate the albedo of in ter s te l la r mat ter . 

The total s u r f a c e b r i g h t n e s s of the n i g h t s k y mainly 
cons i s t s of the f o l l o w i n g components : the direct s t a r l i g h t , the 
a tmospher ic l ight, the zodiacal l ight, and the s t a r l i g h t 
re f lec ted by interste l lar matter . K n o w i n g t h e total amount of the 
l i g h t of an area, and that of the l i g h t f rom other sources, it 
is poss ib le to determine the amount of the last-mentioned 
component. On certain a s s u m p t i o n s r e s u l t s can be obtained 
wi thout k n o w i n g the amount of terres t r ia l or zodiacal l i g h t . 
Therefore, it is s u f f i c i e n t to k n o w only the f o l l o w i n g d a t a : 
1. The o b s e r v e d value of the s u r f a c e b r i g h t n e s s of the n i g h t 
s k y . 2. For each area the s te l la r d i s t r ibut ion according to 
apparent m a g n i t u d e r e a c h i n g down to the f a i n t e s t s t a r s 
recorded. 

Photographic photometry is of s u f f i c i e n t exactness for 
the present purpose. A work b e l o n g i n g here i s : Wolf-Panne-
koek, " P h o t o g r a p h i s c h e Photometrie der nörd l ichen Mi lchs t rasse" , 
A m s t e r d a m P u b l . 3, 1932. The da t a g iven t h e r e a re u s e d in 
t h e p r e s e n t i n v e s t i g a t i o n . The s u r f a c e b r i g h t n e s s g iven in 
t he i r P h o t o m e t r i e c h a r t s i n c l u d e s t h e l i gh t f r o m all s t a r s 
f a i n t e r t h a n a b o u t 7™5. W h e n ca l cu l a t ing t h e p a r t d u e to 
s t a r l i g h t t h i s l imi t m u s t be t a k e n in to a c c o u n t . 

1 Seminar in Astrophysics 1936/37, conducted by E. Öpik. 
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For the Selected A r e a s d a t a e x i s t g i v i n g the s te l lar d i s t r i-
bution d o w n to s u f f i c i e n t l y f a i n t s t a r s . T h e m a t e r i a l u s e d here is 
t a k e n f r o m Groningen P u b l . 43, t a b . l , w h i c h g i v e s the l o g 
of s t a r n u m b e r per s q u a r e d e g r e e d o w n to apparent m a g n i -
t u d e 18®5. B e i n g conf ined to the S e l e c t e d A r e a s it w a s im-
p o s s i b l e to pay a t t e n t i o n to other k n o w n a r e a s with g r e a t 
a b s o r p t i o n . 

For each Se lec ted A r e a the s t a r s w e r e d i v i d e d into 
g r o u p s , b y i n t e r v a l s of one m a g n i t u d e , and the a m o u n t of 
s t a r l i g h t for each g r o u p w a s ca lcula ted. The total l i g h t of 
s t a r s f a i n t e r than 18 m 5 w a s f o u n d by ex t rapola t ion . The tota l 
a m o u n t of s t a r l i g h t is set equal to the s u m of l i g h t f r o m all 
m a g n i t u d e g r o u p s . The extrapolat ion m a y cause a qui te 
c o n s i d e r a b l e error, e spec ia l ly for the a r e a s r ieh in s t a r s . For 
t h i s reason it w a s i m p o s s i b l e to f i n d a n y s a t i s f a c t o r y v a l u e 
of the s t a r l i g h t f o r Selected A r e a s 64 and 98. 

In the W o l f - P a n n e k o e k c h a r t s , w h i c h are r e d u c e d to a 
common zero point ( f rom p l a t e s c o v e r i n g each other), the com-
bined value of a t m o s p h e r i c and zodiacal l i g h t a p p e a r s a s a more or 
Iess c o n s t a n t correct ion. This e n a b l e s u s on cer ta in a s s u m p t i o n s 
to d e t e r m i n e the q u a n t i t y of s t a r l i g h t s c a t t e r e d by inter-
s te l la r m a t t e r w i t h o u t k n o w i n g the a b s o l u t e v a l u e of the cor-
rect ion. 

S u b t r a c t i n g f r o m the mean o b s e r v e d s u r f a c e b r i g h t n e s s , 
g i v e n in the c h a r t s , t h e t o t a l l i g h t due to the c o r r e s p o n d i n g mean 
s te l la r d i s t r i b u t i o n , w e obtain a d i f f e r e n c e w h i c h conta ins t h e 
c o n s t a n t correct ion plus a c e r t a i n mean va lue of the s u r f a c e 
b r i g h t n e s s of the a b s o r b i n g m a t t e r f o r the g i v e n area. Table 1 
contains mean v a l u e s of th i s d i f f e r e n c e for d i f f e r e n t g a l a c t i c lati-
tudes , d e r i v e d f r o m the ent i re m a t e r i a l of the W o l f - P a n n e k o e k 
char t s . 

T a b l e 1. 

b I' At CC 

136 92 44 
50 132 83 49 

IO0 112 69 43 
15° 97 50 47 

mean 46 

h — galactic latitude 
1' — mean surface brightness taken from Amst. 

Puhl. 3 
A' — computed mean starlight per square degree 
« = I' — Af 

Unit of surface brightness = the light of a IOm  

star per square degree 
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In calculat ing A', the s te l lar d is t r ibut ion g iven in Mount 
Wi l son Contrib. 301 is used, because this and A m s t . Publ. 3 
r e f e r to the same portion of the s k y , namely the northern 
hemisphere. 

Table 2 contains all the material d i scussed in the 
present note. 

T a b l e 2. 

Sel. 
Area 1 A H d Sel. 

Area I J H d 

2 107 48 + 13 +0.5 49 120 75 — 1 + 1.0 
8 160 83 + 31 + 1.3 50 130 76 + B + 1.0 
9 111 5H + 9 + 2.2 63 120 112 — 38 — 0.1 

10 81 36 — 1 + 1.3 65 140 73 + 21 + 0.3. 
18 118 84 — 12 + 0.5 73 100 40 + 1-1 + 1.1 
19 ] 36 81 + 9 + 1.7 74 130 69 + 15 + 1.9 
22 115 55 + 14 + 0.9 75 90 64 - 20 + 0.9 
23 111 55 + 10 + 1.1 86 105 70 — 11 — 0.2 
24 105 50 + 9 + 1.9 87 130 73 + 11 + 1.0 
25 100 49 + & + 1.7 88 140 110 — 16 + 0.1 
39 139 127 — 34 - 0.7 97 120 46 + 28 + 1.9 
40 169 105 + 18 + 1.1 109 95 44 + 5 — 0.1 
41 162 119 — 3 + 0.2 110 95 27 + 22 + 3.4 
42 115 74 — 5 + 0.5 111 130 59 + 25 + 0.5 
48 95 ' 35 + 14 + 0.9 

I — total surface brightness taken from Amst. Publ. 3 
A — computed starlight per square degree 
H = I — A — cc.... — residual surface brightness 
d = 18.m5 — iraN; w N — effective limiting magnitude found from starnumber 

jVi8™r> of ^ e area, and from the mean stellar distribution in the corre-
sponding galactic latitude as given in Groningen Publ. 43, tab. 6; thus 
d is a measure of the excess (—) or defect (+) of starnumber in the 
given individual area expressed in magnitudes 

The re lat ive diminution of l ight in an a b s o r b i n g layer of 
optical depth x equals 1 — e~x. A par t of th i s q u a n t i t y is 
ref lected (or d i f f u s e d ) by the a b s o r b i n g matter . For the 
purpose of our e s t i m a t e s the amount of re f lec ted l i g h t can be 
a s s u m e d to be proportional to the total diminution of l ight . 
On this account the s u r f a c e b r i g h t n e s s K = K0 (1 — e~x). In 
the s implest case the albedo is proportional to the s u r f a c e 
b r i g h t n e s s , a = a0 (1 —e x); K0 and a0 are sur face b r i g h t n e s s 
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and albedo of a layer w i t h in f in i te optical depth. Further , 
ü> d e n o t i n g r == — = I — e _ x , w e h a v e K = K0 r. 

AO 
Oa the assumption that the inters te l lar m a t t e r i s i l lumin-

ated more or Iess u n i f o r m l y by s t a r s , it i s poss ib le to u s e 
the preceding formulae. Denot ing the total absorption in 
s te l lar m a g n i t u d e s by Am, the f o l l o w i n g equat ion is obtained: 
2 . 5 1 2 _ ^ m = e _ x . Thue the re la t ive a lbedo r = 1 — 2 . 5 1 2 - J f n (1). 

Suppos ing that H given in Table 2 i n d u d e s bes ides K 
only a c o n s t a n t term A, w e have H = K0 r -f- A (2). 

K n o w i n g the va lues of H w i t h the corresponding total 
absorpt ion Am [which de termines r by (I)], it i s poss ib le to 
der ive the correlat ion (2). For our purposes , i t i s only im-
portant to f i n d K0 and a0. 

It is imposs ib le to obtain the amount of total absorpt ion 
of s t a r l i g h t in in ter s te l la r space for each area separa te ly . In 
Table 2 the v a l u e s of d denote only the e x c e s s of s t a r n u m b e r 
of the area over the mean s t a r n u m b e r in the g i v e n ga lac t ic 
lat i tude. Thus d contains the e f f e c t of interste l lar absorpt ion 
toge ther wi th local i r reg i i lar i t ies of s te l lar d i s t r ibut ion. Taking 
the mean value of d f rom severa l areas, the e f f e c t of local 
i r r e g u l a r i t i e s in s t a r n u m b e r m u s t be par t ly compensated. 
However, the accidental error of H s e e m s to be quite consid-
erable. On this account it is n e c e s s a r y to combine the 
avai lable data into normal groups, and to f ind the correspond-
i n g mean va lues for each g r o u p separately., The whole 
material we choose to subdiv ide into four g r o u p s according 
to the v a l u e of d. 

Further , the mean d r epresent s only a deviation of the 
local absorpt ion f rom the mean absorpt ion. Therefore the 
total absorpt ion is Am= d ~\- /n, ^ b e i n g a mean v a l u e of total 
absorpt ion for the g iven galact ic lat i tude. It is poss ib le to 
obtain minimum values of the s u r f a c e b r i g h t n e s s and albedo 
of a dark nebula by t a k i n g = O and Am = d. 

From the d i s t r ibut ion of the ex t raga lac t ic nebulae, 
Hubble (Mt. W . Contrib. 485) e s t imates the total absorpt ion in 
the direction of ihe ga lact ic pole to be 0!"25. In other di-
rect ions it var ies approximately wi th the cosecant of ga lact ic 
lat i tude. On the assumption that th is law holds in low 
galact ic lat i tudes, it is possible to compute the value of fi . 
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This w a s found for each g r o u p separate ly by u s i n g the mean 
galact ic la t i tude of each group. In such a m a n n e r another se t 
of va lues of the s u r f a c e b r i g h t n e s s and albedo is obtained. 

In Table 3 are g i v e n the r e s u l t s for the two cases . 

T a b l e 3. 

Limits j fi 
of d U e d n + ii j )'•> 

0 . 5 — 5.0 + 4.1 + 0.14 11 0.12 ii° . l 1.30 0.73 
0.6 — 1.2 + 7.6 + 2.6 + 1.00 9 0.60 9°. 1 1.51 0.90 
1.3 — 2.0; +12.3 + 3.0 + 1-67 7 0.78 5°. 7 2.5 0.98 

2.1 < I +15.5 + 4.3 + 2.8 2 0.92 2° 
— 1.0 

H — mean H 
e — probable error of H derived from the dispersion of individual H 
d — mean value of d 
n — number of Selected Areas in the group 

T1 — relative albedo a~ (minimum) computed on the assumption tu = 0 
-I °° 

b — mean absolute galactic latitude 
H — 0. 25 cosec |b = assumed mean total absorption 
r2 — relative albedo corresponding to the above value of n 

In f i g . 1 the va lues of H and r are represented graphi-
cally. A c c o r d i n g to formula (2), the correlation obtained 
should be l inear ; in the f i g u r e , I corresponds to the hypo-
thes i s /LI = 0 (V1); II — to /I = 0.25 cosec jb| (r2). 

A s it turns out, in both cases all the f o u r points fail 
close to a s t r a i g h t line. The a g r e e m e n t is closer than required 
by the probable er rors of the data, t h u s the good correlat ion 
is ev ident ly accidental . 

The total amount of s t a r l i g h t a c c o r d i n g to Seares , Van 
Rhijn, Joyner, and Richmond, Ap. J . 62, 373, 1925, equals the 
l i g h t of 577 f i r s t m a g n i t u d e s t a r s or f i f t y - s i x IOm s t a r s per 
square degree. A s s u m i n g the mean s u r f a c e b r i g h t n e s s of the 
s k y due to the s t a r l i g h t in in ter s te l la r space to be the s a m e 
as o b s e r v e d froin the earth, it is poss ib le to e s t i m a t e the 
albedo. 

The correlation I of f i g . 1 f u r n i s h e s a lower l imi t of 
s u r f a c e b r i g h t n e s s K0 = 25 and a0 = 0.5, which r e f e r s to the 
albedo of a cloud of in f in i te optical t h i c k n e s s . 
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Using Hubble ' s data for the total absorpt ion of s t a r l i g h t 
in the Galactic System, i. e., the correlat ion Il of f i g . i, the 
s u r f a c e b r i g h t n e s s is e s t i m a t e d at Z 0 = 70 units , and the 
a lbedo appears to be u n r e a s o n a b i y g r e a t , namely, «o > I-
T h i s second Solution is especia l ly u n c e r t a i n . A devia t ion 
f r o m t h e cosecan t law, and a smal l e r ro r in t h e absorp t ion 

coe f f i c i en t g iven by Hubble may cause very d i f f e r e n t r e su l t s . 
T a k i n g in to accoun t t he poss ib le deviat ion f r o m t h e cosecan t 
l aw in low ga lac t i c l a t i t u d e s , t h e va lue of K0 h e r e found m a y 
be r e g a r d e d as a m a x i m u m value . 

P r o m our r e su l t s i t s e e m s to be ce r t a in t h a t the a lbedo 
of i n t e r s t e l l a r m a t t e r is c o m p a r a t i v e l y h i g h . I t is k n o w n 
t h a t c louds c o n s i s t i n g of d ie lec t r ic p a r t i d e s (wa te r , ice, 
etc.) have m u c h h i g h e r an a lbedo t h a n met ta l l i c d u s t . The 
r e s u l t s o b t a i n e d seem to i n d i c a t e t h a t d ie lec t r i c p a r t i d e s 
(mine ra l d u s t ? ) a r e more a b u n d a n t t h a n a b s o r b i n g p a r t i d e s 
(meta l s ) in i n t e r s t e l l a r space . 

T a k i n g in to accoun t t he p rov i s iona l n a t u r e of t h e p r e s e n t 
paper , t he r e s u l t s ob ta ined m a y i n d i c a t e on ly the o rde r of 
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m a g n i t u d e of the e f fec t which w e w a n t e d to determine. The 
uncer ta int ies in the l imited observat ional data and in the 
h v p o t h e s e s u s e d are s u f f i c i e n t l y g r e a t to cover the t iny e f f e c t 
of the s u r f a c e b r i g h t n e s s of dark nebulae. 

A f t e r th i s paper had been f in i shed, the author f o u n d in 
Ap. J. 85, 213, 1937 the same problem treated b y C . T . E l v e y 
and P. E. R o a c h . Remarkably enough, the conclusions 
reached by these authors coincide ent i re ly w i t h those of the 
present inves t iga t ion, t h o u g h the method and observat iona l 
data are quite d i f fe rent . 

Tavtu, June 4, 1937. 


