
Astronomy. - "Tlze tocal starsystem". By Dl'. A. PANNEKOEK, (Oom
municated b,Y Prof. W. m: SITTER). 

(Communicaled al lhe meeling of May 28, 1921). 

I. 

lf A (m) denotes lhe nnmb('!r of stars of magnitude nl, !:::. the space 
density ot' Ihe slal's, which fOl' a given line of sight is a fllnction of 
the distallce 1', 'p (M) lhe Illlllinosity-fllflction, and if fOl' Ihe distance 
l ' we illtl'odnce Q = 5 log 1', thus making M = 111. - Q, then !:::. (Q) 
can be found from A(m), if both may be l'epresented by quadralic
exponential functions , Thus if we put 

loy !:::. (Q) = h' + k' Q - ['Q'; log rp (M) = p + qM - rM'; 

log A (m) = a + bm - cm' 

we have: 
, • 1 (b-q)' r- e 

h=a-p+3.78Ö-/4 -~log-
r-e r 

r 
k' = q-O,6+ (b-q) - ; 

r-c 

, cr 
l .= - , 

r-c 

Hy these fOl'mulae (in a somewhat different form) KAPTEYN and 
VAN RHIJN have deduced the distriblltion of density in tbe stal'system 
SlllTollllding onr SUil, l·ep,'esent.ing it by a series of flattened surfaces 
of revolll tion . 1) 

Here Ihe fllnction !:::. bas been fOllnd as a whole from the fnnction 
A. But the observational data determine this function A for a certain 
extent of 1/1, only, Now Ihe qllestion al'ises, whether the Yallle A(m) 
fOl" a given m determines the value b. (Q) for a certain (J, The dif
feren tial quotien ts 

show, 

o " . b-q r 
- (h' + k(J - l(J') = - 1/. - +-Q ob r-c r-e 

~(h' + k'Q _ l'p') = _ '! b-q _ _ r_ Q 1\' + loge 
Oe . I r-c r-c 2 (r-c) 

b-q 
that for Qo = - - a val'Ïation of b causes not any, a \'aria-

2r 

ti on of c causes only a slight variation of b.; 80 that b. (Q.) depends 
nearly wholly on a = A (0). If we coun! mand (iJl order to keep 

I) J. C. KAPTEYN and P. J. VAN RHIJN. On the distribution of lhe stars in space .... , 
Astrophysical Journal LIJ. 289. 
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the same rp (M)) also Q fl'om the zero point mo, this rneans, th at in 
the forrnula 

log A (m) = a + b (m-mo) - c (m-mo)t 

the fit'st term a = log A(mo) detel'rnines 6 (Qo) for 

b-q 
Q. =m. + --, 

2r 

Asslllning that the observations determine the values for A(m) of 
VAN RHIJN from m = 4 to In = 16 we find, by applying this formula, 
that they detel'mine the 6 computed fr01ll them fol' Qo = 10 10 17 
in the Milky Way (i,e, fOl' l' = 100 10 2500 parsec) and fOl' Q. = 9,5 
t.o 15 in the polar regions (i,e, for l' = 80 10 1000 pal'sec), 

As mo and Qo are conj ugate val ues, i t. is on Iy rational to take Qo 

as the zel'o poinl in the formula fol' 6, Ir we put 

log 6 (Q) = ft + k (Q-Q.) - I (Q-Qo)2, 

we have 
b- q 

Q. = 1110 + -- ; 
2r 

111 

l c r 
k=b - 0,6; 

(q-O,6)2 (b - O,6)t r t 
A=a-O,6mo-p+3,786- +---- + ~ log -- , 

4r 4r r-c 

If we insert now Ihe 
l' = + 0,0345 1), we get: 

b-O,186 

values IJ = - 2,394, q = + 0,186, 

... -m + ' 
"'. -. 0,069' 

1 1 
- = - - 29; 
l c 

k" 

k= b - 0,6; 

A = a + 4,937 - 0,6 m. + -- + t log (l + 0,0345), 
O,13~ 

If ovel' a limited exlent of m Ihe number of stars A(m) may be 
I'epresented by a qlladratic-exponential formula it determines 6 (Q) 
O\'el' a limited extenl of Q also, An adjacent extent of m atfording 
a formula for A with other conslants determines another part of 
the curve fol' 6lQ), In case of all irregulal'ly flucluating course of 
A (m) and 6 (Q) we may divide them inlo separate parts and represent 
each of them by such formulae, thus using tbe quadratic-exponential 
formula in an interpolatory manner, It may be noticed that in this 
case the coefticients c and I (which become zero together) may be 
negative, if only l + r > 0, Of course this solution of the problel.D 
to find 6 from A is not rigid, but onl." a practical and approximate 
one, If c approaches l' very nearly, small errors in c cause enormous 
deviations in I, making 6 wholly uncertain; if c has a great negative 
\'aille Ihe I'esllit !tas no I'eal mellllillg, If c surpasses Ihe value I/U 

1) KAPTEYN and VAN RHIJN, l.c, p, 297, 
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the solution becomes impossible ; Ihis points ' to discontinuilies ill Ihe 
stal'densi ties, (voids ill I he sial' masses, inflllence of distan t starclouds) 
which we will not consider at this moment. 

11. 

By applying the above-mentioned formulae, in the following I'eseal'ch 
we have tl'ied 10 determine the shape of OUI' local stal'syslem. The 
galactie zOlle between ± 20° latitude was ciivided into 12 sectol'8 
of nearly 30° longitude. The ollly sources giving sufficient data 
on t,he numbers of stars al'e the Durchmll81erllng Cl\talogues; we 
ha\' e used the counls of STRATONOFF I), giving the density pel' square 
degree for fields of 5° square accordillg 10 Ihe Bonne?' })u1'chmusle1'ung 
(10 0° decl.), the Südliche DW'clunustel'un,q of SCHÖNFEW (to -20° 
decl. ) and the Cape Plwto,qmplzic DUI'cIt7/iUste1'un,q. As class 9.1-9.5 
in 1\11 these catalogues is incomplele, only Ihe nllmbel's up . 10 
magnitude 6.5, 8.0 and 9.0 were used iJl 0111' computations. The 
details of Ihe extensive reseal'ches th at were necessal'y to find Ihe 
relation between these empirical scales and the photomelric magni
tudes will be given elsewhere ;' the resulting Iimiting magnitudes are 
for the different zones of declination of the N. hemisphel'e: 

Deel. 00 - 10° 100-20° 200 - 400 400-600 600-800 800_000 

6 .55 DM = 6.31 6 .69 

8.05" 1 .91 8 . 15 

6 .12 

8 .26 

6.15 

8 .29 

6.15 

8.23 

6.62 

8 . 10 all - 0 .005 (D-l!» 

9.05 . 9.38 9.35 9.48 9.41 9.24 9.29 • -0.012 (D-15) 

FOl' I he SüdLiclte Dlt1'chmustel'un,lJ we found 

648 - 0.014-( D-15) i 8.14-0,018 (V-15) i 9.39-0.025 (V-I5) 

whel'e D denotes the nurnber of stars per square degree up to 9 .5 
(not up to 10). To I'educe these magnitudes 10 ttle scale, adopted 
in Olll' computaliolls, viz. the scale of G?'onin,qen Publico 18, corrected 
by Ihe values, given by VAN RHYN in Groningen Publication.~ 27 
(G.P. 18 c.), we must still add to our results the values -0,17, 
- 0,08, + 0,02 for the thl'ee limiting magnitudes. For the a.p.D. 
for the galactic zone the val lIes 

5,76 7,86 and 9,46 (scale' G.P. 18 c.), 

were adopted; but these are mlIch more uncertain than for the 
catalogues of BOnll. 

From these N (m) , tlle IIl1mber of stars from the brightest to the 
Iimiting magnitude m, the numbers A (m), running nearly parallel 

I) W. STRATONOFF. Etudes sur la structurIl de I'univers. Publications de Tach
kent. Nr. 2 et 3. (1900, HWl) . 
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d · 
with them, may be got by the relation A (m) = -d N (m). 

m 

Putting 

N(m) = 10«+,8111+,111' we get A (m) = 1/Loge (ft + 2ym) 10«+,sm+/III', Ol' 

log A (m) = ti + fJm + rm'-log log e + log ft + log (1 + 2; m ). thus 

2y 2y' 
b = rl + - log e ; c = - y + - log e. 

~ p' 
a = a - loy log e + log fJ ; 

FOI' the mean magnitude 1110 was · raken 8.0. 
Fur·tller data are given by the Selecled ' A1'e~s of KAPTEYN; fol' 

each of the 6 NOl'thel'fl sectors the mean was taken of all selected 
al'eas lyi llg in it. The numhers pel' half magnitude from 11,0 to 14,5 
(for the greater pal't aftel' the COllrltS of VAN l{HYN, kindly corlllTlIl
nicat.ed to me), were dOllbled in ordel' torepresell! the vallles A (m) 

fOl' m, = 11,25 Lo 14,25. They cOll ld be represented by linear 
formulae without percep,ihle Clll'vatUl'e. In these formlliae IO,q A (rit') 
= a' + b' (m'-12,75) Ihe m' denote photographic magllitudes; as 
fOI' these faint classes tIJe redllction of photographic to "isllal magnitude 
Illay be I'epresented by m-m' = -0,62 -0.05 (m'-12,75), we have 

log A(m)=a+b(m-12,13), whel'e a=a', b=IO/Bb'. 

lIl. 

The l'esults of the Dl1l'chmnstel'llng catalogues are collected in Ihe 
next tabie, whel'e the firs! column gives the mean galactic longitude 
of each sector and n the numbel' of fields of STHATONOFF of 23 square 
degrees on the avel'age. 

long. n abc Q. h k 
15° 49 0.236 0.418 + 0,0086 12.23 9.812 - 0.122 + 0.011 

45 51 351 510 + 0059 12.10 857 090 + 001 

75 48 312 480 + 0111 12.26 911 120 + 034 

105 52 198 415 + 0121 12 . 19 810 125 + 018 

135 56 141 446 + 0212 11.71 932 154 + 055 

165 49 182 548 0126 13,29 540 052 009 

190 38 246 556 0246 13.36 548 044 014 

225 68 303 488 0011 12,38 193 112 002 

255 48 264 481 + 0030 12.27 193 119 + 003 

285 52 212 503 + 0032 12 .59 9.161 091 + 004 

315 68 271 440 + 0211 11.68 0.204 160 + 121 

350 31 102 466 + 0049 12.06 9 .111 134 + 006 
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FOI' the sectol's 315°, 135° alld (in alesser degree) 75° Ihe great 
positive value of c, appl'oaching 1', giving a gl'eat valIIe of I that 
I'aises also the value of lt, causes a stl'ong maximum for 6, rapidly 
decreasing on both sides j so we nnd here a condensalion of st,ars 
in space. The empirical data upon which il depellds, consist in a 
st.l'Ong Cllrvatlll'e of the A-cul've, i.e. a stl'Ong increase of the stars 
of the 8th magnitllde, nol cOllfilllling in fhe same mannel' for the 
9 th magnitude. As in Ilris ease slllall val'iatiolls in c Ul'illg aboul 
gl'e~t \'al'Ïalions in 6, it is lIeeessary to examina the I'eality of these 
condellsations as 10 the IIncertaillty of lire starnllmbers N, whieh 
have b.v chance distributioll a mean el'l'or 1.1 = V N. Tlrel'efOl'e for 
these sectors cOrt'ectiolls cOl'I'espollding \.0 this IIl1cel'tainty were applied 
in Ihe dil'eclion of diminishing c and tIlelI the complllatioll has been 
I'epeated 1). Now I,he resnIts al'e: 

long. a 

75" 0.304 

135 0,138 

b 

0.489 

0.455 

315 0.266 0.446 

c 

+0.0095 

+ 0134 

+ 0219 

12.39 

11.90 

11. 77 

h 

9.869 

9.803 

0.062 

k 

-0. 111 

- 0.145 

- 0.154 

I 

+ 0.013 

+ 022 

+ 060 

The condensation at 135° has wholly disappeal'ed j the great density 
at 75° jl)inR lhe dellse pal·ts in sector 45° j the condensation a13i5.;), 
however, remains evident and does not disappeal' even hy greater 
cOl'reefions 10 log N. Uniess, pedlaps. the scale of magnitudes strongly 
deviates here I'rom Ille mean galactic zone, Ihis condensation mils\. be 
considered as I·eal. 

A deviation in opposite sellse is shown by tlle se('tol's 165°, 190() 
and (in a smallel' degl'ee) 225°. wllel'e c and I are negalive. Becallse 
the nnmbel' of stars increases from tlle 8 th to Ule 9 th magnitude 
at an unusllal I'ate - it is known that on Ihis side of ,he sky the 
stal's of magnitude 9-10 are strongly condensed over a fo 11 rttl of 
the galaxy - we find that the space density at fit'sl, in the vicinity 
of the snn, decreases rapidly. but at a gl'eater rlistance ceases to do 
so j whether it increases afterwards, canno! be decided by these data. 

The l'esults of the Se!ected A1'eas fOl' t.he 6 NOI'thern sectol's are 
collect.ed in the next tabie, whel'e n dellOtes the , numbel' of Ihe 
areas used (each being 4/. square degl'ee). 

1) Tbe coefficient c wiII be diminished, if N (6,5) and N (9,0) are increased, 
N (8,0) is diminisbed. A small calculalion showed that we gel an even chance 
if for the value of tbis increase or diminution we take 0,6~. 
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long. n a b (>0 h k 

15° 7 2.045 0.360 14.65 9 .391 -0.240 

45 7 2.195 354 14 .56 562 246 

75 6 1.991 301 13.80 567 299 

105 7 1.981 387 15.04 238 213 

135 5 1.845 358 14.62 197 242 

165 7 2 .094 352 14.54 468 248 

While the Dlll'clllousterung Catalo~ues detel'mine 6. on tlle average 
fol' () fl'om 11 ,5 to 13,5 (I" = 200- 500 pal'sees) the Selected Al'eas 
deterrnille it between 13,5 :tnd 16 (,. = 500- 1600 pal·sees). In the 
ma ilt the valll es 1'0 1' L:. from the S.A. fit close tn the vallles fl'om 
th e D. M. All exce pt.ioll is made hy sector 165°; here the 6. Clll'\'es 
illtel'sect fOl' Q = 14,4 , log 6. = 9,5 , bilt. they show a different eOIll'se: 
a(,col'din~ 10 Ihe S.A , Ihe densily is strongly , aeeol'ding 10 the D.M, 
il is hardly decreasing, 111 Ihis sec lol' the Jlllmbel' of stars shows a 
diseonlillllily , as the strolI g incl'ease fOl'lhe magnilude !l- 10 does 
nol conlinue in the lower magnit.lloes of Ihe S.A, Pl'esumably this 
is call sed by th e infll1ence of a l'elllOle galactic stream, which must 
be stlldied in anothel' way . 

IV , 

111 OI'd el' to find from th ese result s Ihe disll'ibulioJl of stardellsity 
along Ihe galac ti e section of the loeal sy slem, ":allles of (J wel'e 
dedllced fl'om Olll' fOl'mul ae, 1'0 1' which log 6. gels Ihe values 0,0 
9 ,9 9 ,8 el c. 111 o rd er to have no more il'l'egulal'ities in Ihe resulting 
figul'e th a ll are probably l'eal, I.he I'es lllts of the second computalion 
wel'e \l sed 1'01' the sectol's 75c

, 135° and :U5°, The values falling 
bey olld the limil s of Ihe fOl'ml1ln a l'e placed in parentheses, 

(See tahle f ollowin,q pa,qe). 

These values have been used for the eonstl'Uction of Ihe figl11'e 
sho wing Cllrves ot' eqlla l density, decreasing with 0,1 for log 6. (at 
t.he cllrves the values of 6. il selt' are pilt down); whel'e Q is not 
detel'lnined by the data, bilt has been extl'apolated, the curves are dotted, 

On the SOllthel'n hemisphel'e, whel'e the densit.y could not be 
fOllnd at gl'eatel' distances than 500 pal'secs, we perceive in sectot' 
315° (Scorpio) the condensatioll , mentioned above, at a distance 
100 - 200 parsecs, whel'e the density slll'passes 1,25. Fot' the I'est 
the central mass wit.h den sity 1 extends t'arthest in the dit'ection 
l = 60° ; at gl'eatel' distances the maximum density lies in the sector 
45° (Cygnus), whel'e a slarstream seems 10 i!lsue from the system, 
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long. log L' = 0.1 0.0 9.9 9.8 9.7 9.0 9.5 9.4 9.3 9.2 9.1 

15° e= (10 .4) 11.5 12 .4 1 3. 1 ~ 
13 .4 13.8 14.2 14.6 15.0 15.4 15.8 

45 (10.1) 12.2 13.4 14.0 14.4 14.8 15.2 15.6 16.0 (16.4) 

15 (11. 0) 12. 1 13.0 13.4 .13.7 14.0 14.3 14 .6 15.0 (15 .3) 

105 (lO.OJ 11 .4 12.3 12 .9 (13.4) 13.8 14.3 14 .1 15 .2 15.1 

135 (10.0) 11.2 12.0 (13.1) ~ 12.6 (13.0) 13.4 13 .8 14 .2 14.6 15.0 

165 (11.1 ) 12 . 2~ 
14.0 

14.4~ 
14 .4. 14 .8 15.2 15.6 (16.0) 

190 (11.4) 12.4 

225 (9.8\ 10.6 11.5 12.4 13.2 (14 .1) 

255 (9.6) 10.4 11.4 12.2 13.0 (13.8) 

285 (10.0) 11.1 12.2 13.3 (14.3) 

315 11.4 12. 1 (12 .6) 

350 (10.2) 11.1 11.9 12 .6 (13.3) 

\ --- -_.--·_··-1 / 
, 

, , , , , 
I / I " , , , , , 

Whether the remote fluctuations between 75°- 150° are real, is not 
" certain j pel'haps the inward bending of tlle cUI'ves in sectol' 1350 

and 350° is caused by the absorbing nebulae in Tallrus and Ophiu
cnus. Also in Ihe dil'ecliofl 1800 the starsystem exlends to a great 
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dislan~e; bul here Ihe dis(~Onlillnif..r already spoken of, alld Ihe lack 
of counts 1'01' fainlel' stars makes the explalla\.ion of the dala uncel'tain, 

Of conrse Ihe reslllts of this fil'st in\'estigation have onl,)' a 
provisional ~haractel', and tlrat fOl' two reasons. In tlre first place 

by the incomplelelless of Ihe data: wlrile up to Ule 9th magnitude 
tlle DUl'chml.lsterllng Calalogues atford a I'alhel' complete tlrough 
coarse malel'ial (b,)' ,he IIIlcel'tainly of Ihe I'eduction to the photo
metric scale), we have hal'dly any dala fOl' I he 10th and 11 lh maglli tilde, 
For the fainter classes tlre Selected ~reaE' 1'0nTI an excelIelIl bilt 
ver,)' limited matel'ial, while it is unceJ'l.ain in what degl'ee the local 
il'l'egnlarities vary Ihe avel'age \'alues for gl'eatel' regiolI s, Thus 
we do 1I0t know Ihe wlrole course of A(m) from the6 t h. to the 
14t l, magnitude, wlrieh would he lIecessul',)' 10 remove all dOllbts 
on t.he (,OIII'se of 6 (Q), 

In tlre seeolld place it IIII1 SI. be emphasized that by takillg toge'hel' 
extended space-sectors with arlificial bonndal'ies the real irl'egnlarities 
in the distl'ibution of fhe stars, witl! perha(Js wholly different bonn
dal'ies ma,)' be parti,}' etfaeed. paltl)' changed in ,heil' elral'actel', 

MOl'eover b,)' regarding Ihe inflllence of lIeal' absorbillg nebulae and 
of I'emote galact ie objets 011 tlle n 11111 bel' of stars tlle results fol' 

space density ma)' still be lIlodified , 




