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INTRODUCTION.

In the present paper I have collected the results of my attempts to classify

the spectra of a 700 stars, photographed by Dr. F. Zernike (formerly assistant of

the Laboratory at Groningen) with the 6 inch refractor at Potsdam in the year

1 9 14. He has chosen five regions, the centres of which are given further on in

table 2.

Each side of a plate is 20 cM., and the focallength of the instrument being

1494 mM., I mM. corresponds with 2'.30, so that the plate contains an area of

460' X 460' = 59.29 square degrees.

All the plates together cover a region of 192 square degrees with 7CX) stars,

so that there are on the average 3.6 stars per square degree. Consequently our

list contains, according to the Publications of the Astronomical Laboratory at

Groningen No. 27, the stars to about 9,5 photographic magnitude of the Harvard

scale {Harvard Annals 7 i ). The reason why Dr. Zernike has taken the regions

in the neighbourhood of the pole is, that all the stars of his plates are to be

found in the Astrographic catalogue 1900 Greenwich section, Volume III.

Further he has taken the plate at Declination -(- 35°, because, as appears

from the General catalogue in the G. P \<^ (Area IX)^) this are a contains many

stars with great proper motion. Unfortunately the two plates with spectra of large

dispersion contain but four stars out of the above-said catalogue, because the

spectra on the plate do not go beyond the 8™. 5 (Bonner Durckmusterung). The

classification of the spectra of the third plate (small dispersion) is impossible. It

has been much overexposed It may suffice to give a list of these spectra without

discussing the material. It is contained in the list at the end of the paper which

gives the whole of our results. In every zone the stars are arranged in the order

of increasing Right-Ascension. The second and third columns give the places of

the stars from the above mentioned Astrographic catalogue. The fifth column

(phot, magn.) is also taken from this catalogue applying a correction of+ o™.i, because

the magnitudes of this catalogue are based on the scale of Pickerings North Polar

1) G, P. means Publications ot the Astronomical Laboratory at Groningen.
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sequence {Harvard circular 1 70) and they must be reduced to the scale oi H. A.

71, part 3. In G. P. 27, table 11, I find

H. A. 71 — H. C. 170 = 4-om.i

for stars between ^^.e, and io«n.5.

The sixth column contains the visual magnitudes. They have been determined

by Messrs. Muller and Kron at Potsdam on the Potsdam-scale. They are still

unpublished, but have been courteously communicated by the authors.

I have compared these magnitudes with those of H. A. 70 and 54. The result,

derived from a great number of stars, is:

Table i.

magn < 8.0 8.0—89 9,0—9.9 > 9-9

Harvard—Potsdam — o.i — 0.2 — 0.3 —0.4

The seventh column gives the colour-Index, i. e. phot. magn. H. A 71 —
vis. magn. Potsdam.

The three following columns contain the spectra of the stars; next to those,

determined by the author of this paper, the spectra taken from H. C. 180 and

Yerkes Actinometry are shown. The spectrum of many stars has been deter-

mined on different plates. If that was the the case I have taken the mean of all

the determinations, the results of which are found in the eighth column.

In the last column the reader will find the total proper motion. I have found

fA,a cos 8 and ^^ in a manuscript, kindly communicated by the Astronomer Royal

at Greenwich.

In Chapter II and III I have given due attention to the two phenomena

mentioned by Professor Kapteyn ^j

:

i) On the average the apparently fainter stars are redder than the brighter ones.

2) Apparent magnitude and spectral lines being the same, the stars are on

the average redder the farther away they are.

For the phenomenon (i) Professor Kapteyn gives the three following possible

explanations:

3) Predominance of the later spectral types among the fainter stars.

4) An influence of the absolute brightness on the color index.

5) Selective absorption of light in space.

For the phenomenon (2) there are only the two explanations (4) and (5)

1) On the change of spectrum and color index with distance and absolute brightness, Present state ot

the question.

(Contributions from the Mount Wilson Solar Observatory No. 83).
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Therefore the complete equation for the colour index for stars of determined

spectrum is:

C.l. = a + dm + cM + elR,

where a, b, c and d are constants, m the apparent magnitude, M the absolute

magnitude and R the distance.

I think we can take d to be practically zero, mainly because Shapley has

found white stars in the globular clusters.

We thus drop the explanation (5).

The data we need are:

i) The photographic and visual magnitude i. e. the colour;

2) The spectral type;

3) The parallax of certain groups of stars.

The parallax is required for the determination of M and is found in G. P.

No. 8 1).

To solve 6 in the equation

C.\. — a + bm -\- cM

we must take groups of stars with the same M, but with different m, and to

solve c, we take groups of stars with the same m, but with different M.

1) Mean parallax of stars of determined proper motion and magnitude.



CHAPTER I.

CLASSIFICATION OF THE SPECTRA OF STARS.

I. Description of the method.

In this chapter I will describe the method and give the results of a spectral

classification, depending on the relative intensities of some spectral lines. As was

said ip the introduction the determined spectra were photographed bj^ Dr. Z^rnike.

He has used two kinds of objective prisms: one with small dispersion (the spectra

got in this manner I will call P^ and the other with large dispersion F^}-

In both cases the spectrum extends from H,, (A = 4341) to H» (3750) in the

early types and from, the G-band to K (3934) in the later types.

The distance from Hj, to K is for P^ = 0.8 mM , and for Pg = 3.7 mM.
According to the ^Publications of the Astronomical Laboratory at Groningen

No. 27" we can compute the photographic magnitude to which the determined

spectra extend.

In the following table are given the results for all the plates.

Table 2.

Centre of

the Plate.
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As was already mentioned, there is one plate Pi (exposure 2 liours) for which
the detern»ination of ijhe spettira is impossible.

As for the last column of table 2, attention must be paid to the fact, that

the plates contain many stars between 9«n.6 and lomg. Of course, the lim niagn.

is not quite the same for the several spectral classes.

Method of classification. In the spectrum of a star pairs of lines were

selected not far from one another and their relative intensities were estimated.

For Pi two pairs of lines were selected, for P2 three. I have constructed a normal

curve for each pair, the abscissa of each point representing the spectrum, the

ordinate the relative intensities.

I have adopted the Harvard-scale of classification ^). Each of the classes A,

F, G and K is subdivided into 10 subdivisions Ac, Ai, A2 . . . . A^, Fo etc.

The subdivisions Ma and M6 "were dropped. I have written down M at the

appearance of flutings (due to titanium-oxyde) and a great intensity of the line

I = 4227.

As for the B stars I could only estimate B8 and B9 by the aid of the chosen

lines; only a few stars contained helium-lines (A = 4010 and k = 4026).

With the available spectra this is about all that proved to be feasible.

The estimates were made on an arbitrary scale, extending from o to 10, in

the same -waf as is done in the Stufenmethode of ArgelandeIr for the estimates

of variable stars. Hence, my numbers are approximately proportional to the

logarithms of the intensity differences of two lines. I have noted o, when there

was no difference between the lines, i at the smallest difference in intensities that

could be discovered, 10 when one of the lines was only just visible.

I have used the following pairs of lines (H is the compound line H and Hg):

In the first two cases a line decreasing in intensity with advancing type

(Ha and H) has been combined with a line increasing in intensity with advancing

type. -1^ en ^^ give a descending curve, -^ an ascending curve (see the figures

at the end of the paper).

H H
Pi : -^ and -rj- . The first gives a descending, the second an ascertding curve.

K Hf
I have constructed the curves in the following way:

») Annals of the Harvard College Vol. 28, Part II.
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On one of the best plates (Pa) I have chosen the finest spectra and then

determined the intensity-differences of each pair of lines. These I have compared

with the spectral classes given in H. C. i8o. In this manner I obtained many

points, which determined the curve. In the same way I did with Pi.

From Fa to K5 there is in reality no important change in the ratio r^, as

may be seen in the same curve for Pa and in H. A. 28, part II. Notwithstanding

this the ordinate in my curve for Pi shows a regular decrease for the same interval.

A possible explanation is, that owing to the smaller dispersion, several lines,

variable with the spectrum, well separated in the Pa plates, have coalesced.

I regret that as yet I have found no occasion to investigate the phenomenon

more closely.

The K-line has the appearance of a large ,,band". I think there will be no

objection against calling this band K.

That there is no doubt, that the curve is useful, is obvious in the average

difference (paying no attention to the sign) between my estimates and those of

Harvard or Yerkes Actinometry (of course made on the spectra from Fa to K5).

This average difference is 0.4 spectral class. I find an average difference of 0.3

class between all my estimated spectra and Harvard or Yerkes.

I have therefore no reason to suppose that the curve ^ (Pi) below Fa is

not real. It is however a very curious phenomenon.

In order to show that my scale of classification is identical with the Harvard-

scale^ I give here a list, taken from H. A. 28, Part I, containing the intensities

of the lines used in the present paper

Table 3.

Intensities (Cannon).

Spectral class.
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P2 for
K

Table 4.

x^ = 6.25 (Ac) therefore log ^ = o. 13

x^ = 8.44 (F5)
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Accepting the error curve we get

:

p. e. of a difference = 1.50.

p. e. of one estimate = T.06.

p, e. of mean of 2 estimates = 0.75.

For the modulus h of the error curve we find the value 0.30

As far as can be judged from so small of number of observations the distri-

bution agrees tolerably with the distributfon of accidental errors.

The last column shows the distribution in the supposition that the number

of differences ^ = o is equal to the number between — <Q.5 and + 0.5, that the

number of differences z/ — i is equal to the sum of the number between — 1.5

and - 05 and between +0.5 and + 1.5 and so on,

I have treated exactly in the same manner a second plate (Pi) Here I find

for the p. e. of the mean of 2 estimates the value ± 0.53 and for the number

of differences:

Table '6.

d
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Table 7.

A
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In the first column I have brought together the stars, for which the sub-

division of the spectrum was not to be determined. When I take together all

stars of each class, I find:

Table 9

Number
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THE DISTRIBUTION OF THE SPECTRA AMONG STARS OF
DIFFERENT MAGNITUDES.

It is of course important to examine whether the proportion of the stars of the

first and the second type, varies with apparent magnitude. Especially the question

arises whether the later type stars predominate among the fainter ones.

It appears that, comparing bright and faint stars of the same spectrum and

absolute magnitude, the average colour index of the faint stars is different from

that of the brighter ones, a phenomenon, which must be due to an error in the

photographic or the visual scale. Consequently, an investigation of the relative

frequency of the several spectral classes among the stars of the fainter magnitudes

is necessary.

As a small contribution to such an investigation I have examined the stars

of the end of the paper and some other sources. The difficulty is, to determine

to which magnitude the stars of the different regions are complete. I have used

two methods in order to investigate this point.

In the first place I have determined the proportions of the number of stars

between fixed limits of photographic magnitudes, both from G. P. 27 and from

my list.

For the stars from my list I find, denoting N * the number of stars from

magnitude 7.8 to magnitude 8.2 and so on:

Table 11.

N

= 1.55

8.3

7-9

= i.5S

^^
8.5 _

^^8.0

73

^8.6

^^ 8.1

I-7S

N 9.1

8.7

N 8.6

8.2

= 1.98

n9-2^^8.8

^8.3

1.90

8.9

N 8.8

8.4

9.0

n8-9

1.80

1-53
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For all the quotients I find in G. P. 27 the value 1.74.

^ ^^8.7 ^^ 8.8
From —TT^ to

N 8.6

8.2 <l
there is a decrease. Therefore I assume that my list is

complete up to and including ftiagnitUde 9.1.

In the second place I have determined the number of stars included in the

Astrographic catalogue 19CO, Greenwich section, volume III, and missing in my
list. For the zones 80 to 88^ the result is as follows:

Table 12.

Magnitudes

(phot.)
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I conclude that we may consider my list to be complete up to and including

magnitude 9. r.

I have included in my examination not only the spectra from my list but also

from Harvard Circular 180 in which the spectra are complete to Z'^.2 (photogr.).

In H. C. 1 80 and in my list there are but few stars brighter than the seventh

magnitude. Therefore I have completed my results with those from Harvard
Annals Volume L {Revised Harvard photometry) and with the results, kindly

sent to me by Dr. van Rhijn of the Boss-stars, the spectra of which are taken

from H. A. 28, 56 and — in some cases — 50.

Harvard Aiinals 50 contains all the stars of visual magnitude 6"". 5 and

brighter, therefore photographically up to different magnitudes, depending on the

spectrum in accordance with the values of the colourindices in the following table:
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The final results are:

Table 14

Relative frequency of the several stectral ci-asses among the stars of

different photographic magnitudes.

Region



CHAPTER

ON THE CHANGE OF COLOUR INDEX WITH ABSOLUTE AND
APPARENT MAGNITUDE.

I. General outline of the method.

As is stated in the introduction, we must solve the equation

C I. = a + dm + cM,

in order to investigate the change of C. I with absolute magnitude, spectral type

being the same. Owing to the scale error, treated above, the C. I. will also

depend on the apparent magnitude; without this error 6 would be zero. The all

important question however is the determination of c, i. e. the increase of the

C. I per unit of absolute magnitude.

The unknowns d and c have been solved in two steps

:

In the first place I divided the stars of every spectral division into two or

three groups according to their apparent magnitude. Every group gives an equation

of the form:

err. = a + dm + M
where a dash over a letter denotes the mean of the quantities, defined by those

letters for the stars of a group.

From these equations we find

The coefficients p and ^ may be computed irom our data; ^ will be small,

if the mean absolute magnitudes of the different groups are approximately equal.

In the second place I divided the stars of every spectral division into groups

according to their absolute magnitude. I thus found ^ as a function of d:

c = r + sb,

where s will be probably a small quantity. For every spectral division the

unknowns b and c are solved from the two equations

b=p -{-qc

c = r -\- sb.
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For the solution of the above-mentioned equations I have used the stars from

my lists at the end of this paper and the stars from Harvard Circular i8o. As
was said in the Introduction, the visual magnitudes are determined by Messrs.

Kron and Muller at Potsdam.

The absolute magnitude M, i. e. the apparent magnitude at the distance of

one parsec (tt = i"), is a function of the apparent magnitude and distance; they

are connected by the relation

M = w + 5 log n

I have calculated for every star the absolute magnitude by means of the formula

- so'* ^\

M = w + 5 log 71 ^—— '

^ ^ 0.92 mod.

where n = mean parallax of stars of determined proper motion and magnitude

and () = probable error of the error curve

z = log—
n being the true parallax of a star and n^ the most probable parallax of stars

of the same magnitude and proper motion ^).

We can find n in Table G in the G. P. 8. The photometric magnitudes in

this Table are based on the Potsdam scale. Adopting the scale of Muller and

Kron, we have to diminish the visual magnitudes in my lists by an amount of

o™. I ^), in order to compute n.

According to G. P. 8 the value of q is equal to 0.19; therefore

5^^ = 0.46.
0.92 mod

2. Solution of b.

As some of the spectral divisions do not contain a sufficient number of stars

to give a reliable result for the unknowns, the stars of these divisions were

') P. J. VAN Rhijn's dissertation p. 72.

2) M= W? + 5 log 31.

As for stars of the same proper motion and apparent magnitude, log n — log n^ is distributed in accordance

with the law of errors, we have:

_ 1 _ sj

log ;r = log Wq= log ;i + log * imoiiia— Xogn '^

0.92 mod
3) Harvard-Potsdam 17:= — om.i6.

Harvard-Potsdam (MULLER and Kron) = — 0.25 (see Introduction).
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combined with those of other divisions into a single group. This was done, for

instance, for the Ag and A8 stars. The colour-indices of the A 9 stars were
diminished by o'n.04, i. e. the average difference between the mean colour-indices
of two successive spectral divisions. Moreover the absolute magnitudes of the A9-
stars were diminished by om.io, a value derived from a smooth curve, which was
drawn through the plotted points, representing the mean absolute magnitude as
a function of the spectral type. It must be noted, that this curve has a maximum
at F5.

In the same way the quantities of the A7-stars, changing systematically with
the spectral type have been reduced to what they would have been, had the stars

been of th^ A8 type.

The following table gives the spectral divisions whifch were combined into

a single group

:

Table 16.

Spectral divisions
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There are no stars belonging to G9, K i , K4, K6 to Kg. We first divide the

stars of a certain group into two or three subgroups, according to their apparent

magnitude The stars with a very large or a very small absolute magnitude were

omitted, in order to make the mean absolute magnitudes of the subgroups ot

stars of different apparent magnitude as equal as possible.

Every sub-group gives an equation of condition, which was written in the form

a + 6{m — 9.00) = C. I. — c(M + 3.00).

The resulting equations of condition of this form are given in

:

Table 17.

Spectrum



ON THE CHANGE OF COLOUR INDEX WITH ABSOLUTE AND APPARENT MAGNITUDE. 19

Table 17 (continued).

Spectrum
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If there are more than two equations, I have solved by the method of least

squares, the weights being equal to the number of stars, given in the last column.

The results are:

Table i8.

Group
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large or a very small apparent magnitude were omitted, in order to make the mean

apperent magnitudes of the sub-groups of stars of different absolute magnitude

as equal as possible.

Every sub-group gives an equation of condition, which was written in the form

a + c (M + 3.00) = C. I. — 6 {m — 9.00).

If we compute the value of c in this manner, a systematic error will creep

in, due to the accidental uncertaintes in the determination of the class of spectrum i).

This error will tend to diminish the value of c for the early type stars and

to increase its value for the later types. Therefore we have to apply corrections

to the colour indices; I have computed these corrections, but they are so small,

that they may be neglected.

Now wo can derive ^ as a function of d:

The stars of every group were divided into two or three subgroups according

to the amount of their absolute magnitude.

Table 19.

Spectrum
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Table ig (continued).
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The values of c are found in the following table:

Table 20.

Group
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Table 21.

Group
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On the average the probable error of the unit of weight is ± o".i25.

The unit of weight in these computations is the weight of a single colour-

index determination i. e. the difference between the photogr. magnitude of a star

of the Greenwich catalogue and the vis. magn. of Potsdam (Muller and Kron).

For the weight of the second member of every equation of condition was taken

equal to the number of stars from which the latter was derived.

As to the fact that b is different for different spectral classes, Prof Kapteyn

found the same result in his paper On the Absorption of light in space {Contri-

butions Mount Wilson No. 42). The author attributes the phenomenon to an

error in the photogr. scale of the Draper Catalogue (see pages 5 and 6 of the

above-mentioned paper).

In the same manner I have treated the values of c

Table 23.

Spectrum
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seems not to exist for the B and A stars, because for these spectra the value

of e (± o™.oi5) is but 1.5 times larger than its probable error (io^.oio).

The same phenomenon is found by Dr. P. J. van Rhijn in his dissertation

Derivation of the change of colour with distance and apparent magnitude and

by Adams and Kohlschutter. In the discussion of the results on page 71, of the

above-mentioned dissertation we can see that c i. e. the increase of the colour

index per unit of distance for the B-stars and early A- stars is equal to o.ocxjoo,

whereas c shows a systematic change with the spectral type.

Adams and Kohlschutter came to the following conclusion on page i of their

paper Some spectral criteria for the determination ofabsolute stellar magnitudes ^).

,,The continuous spectrum of the small proper motion stars is relatively fainter

in the violet as compared with the red than is the spectrum of the large proper

motion stars. The magnitude of this effect appears to depend on the spectral

type, and increases with advancing type between Fo and Ko."

') Contributions from the Mount Wilson Solar Observatory No. 89.
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EXPLANATION OF THE TABLES AND THE PLATES.

Columns 2 and 3 give a and 8 of the stars from Astrographic catalogue 1900

Greenwich section, Volume III.

Column 4 gives the numbers from the Bonner Durchmtisterung.

Column 5 is taken from the above mentioned Astrographic catalogue, applying

a correction of -\- o™. i (see pages 5 and 6)

Column 6 contains the visual magnitudes, determined by Moller and Kron.

Column 7 gives the differences between the magnitudes in the columns 5 and 6.

Columns 8, 9 and 10 give the spectra.

Column 1 1 contains the total proper motion (see page 6).

Plates: The ordinate represents the relative intensities between several spectral

lines.

The abscissa gives the spectrum.

There are three curves (-ft, -^ and —J for large dispersion (P2) and

(H H \

-=^ and —
j

for small dispersion (Pi).
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Zone 8i. — Continued.



TABLES. 31

Zone 81. — Continued.
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Zone 82. — Continued.



TABLES. 33



34 TABLES.





36 TABLES.

Zone 83. — Continued.
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Zone 84. — Continued.
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Zone 84. — Continued.

No. a 1900.0 S 1900.0

B. U.

No.

Int. phot.

tnagn.

Greenwich.

Vis. magn.

Mailer

and Kron.

Colour

Index.

Spectrum

author.
Harvard

circular 180.

Yerkes

Actinometry.

Proper

Motion

Greenwich.

436
437

h m
23 39-4
22 44.0

84 55

84 31

536

539

8.4

S.3

7.7
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STELLINGEN.

I.

De sterren met kleine E. B. (althans die van het 11^ type) zijn, ceteris paribus,

rooder dan die met groote E. B.

Dit effect moet waarschijnlijk meer worden toegeschreven aan een invloed

van de absolute magnitude, dan aan selectieve verstrooiing van 't licht in de ruimte.

II.

Het bedrag van dit effect neemt toe voor de spectraalklasse in de volgorde

A, F, G, K, M.

III.

Dr. Mogendorff's bewering dat de sterren voor meer dan de helft tot type I

behooren, geldt alleen voor de heldere. Van de 7^ tot de 9^ grootte neemt

percentsgewijze 't aantal sterren van type II sterk toe.

Zie: „Kosmografie" door Dr. E. E. Mogendorff.

IV.

De voorstelling, die men zich vormt van de verdeeling der sterren in de

wereldruimte en de daaruit voortvloeiende z.g.n. structuur van het sterrenstelsel

is moeilijk vereenigbaar met de opvatting als zouden de sterstroomen zijn te

verklaren uit twee van elkaar onafhankelijke sterrenwolken, die thans bezig zijn

elkaar t« doordringen,

Zie: Rede Prof. J. C. Kapteyn op V Genees- en Natuurkundig Congres 191 1.

V.

Het verschijnsel van de twee sterstroomen kan niet verklaard worden uit de

excentriciteit van de zon t. o. v. 't zwaartepunt van het sterrenstelsel.

S. Oppenheim, Ueber die Eigenbewegung der Fixsterne {IV Mitteilung).



VI

De tnethode, volgens weike G. J. Burns de helderheid van den hemel bepaalt,

is verwerpelijk.

Astrophysical Journal, Volume XVI biz. i66.

VII.

In het ,,Handboek der Kosmografie" van Dr. P. H. Schoute wordt 't verschil

in middelbare tijd tusschen 2 plaatsen omgezet in sterrentijd, teneinde het lengte-

verschil tusschen beide plaatsen te vinden.

Dit is onjuist.

VIII.

De wijze waarop Dr. P, Molenbroek de inhoud van een kegelvormige bol-

sector bepaalt, is uit streng wetenschappelijk oogpunt af te keuren.

Zie: Dr. P. Molenbroek, Leerboek der Meetkunde, 2e deel.

IX.

De constructie van een drievlakshoek uit drie zijner elementen behoort meer

thuis in een leerboek over stereometric dan in een over beschrijvende meetkunde.

X

,,Het aantal der eenheden van een hoeveelheid is onafhankelijk van de plaats

der eenheden
"

Het is niet mogelijk voor deze grondeigenschap der Rekenkunde een bewijs

te leveren.

XI.

Met 't oog op de groote vorderingen die de Wis- en Natuurkundige weten-

schappen den laatsten tijd gemaakt hebben, is een algeheele reorganisatie van

't Wiskundeonderwijs aan de Gymnasia en de Hoogere Burgerscholen hoog noodig.

XII.

De zoogenaamde „afstand van duidelijk zien" heeft noch physische noch

physiologische beteekenis; bij de behandeling van loupe en microscoop is dit

begrip overbodig.



XIII

Vaihinger's bewering dat de methoden der theoretische natuurkunde slechts

fictieve methoden zijn, is niet in overeenstemming met de wijze, waarop hij zelf

't verschil tusschen Hypothese en Fictie definieert.

Ifarts Vaihinger: Die Philosophie des Alsob.

XIV.

Het Dierkundeboek van Dr. A. Schierbeek en D. Valkema en de daarbij

behoorende atlas zijn voor de lagere klassen der scholen, waarvoor het boek

bestemd is, uit paedagogisch oogpunt niet aan te bevelen.

XV.

Evenals op de middelbare scholen in Frankrijk, behoort ook ten onzent de

zedenleer in de hoogste klassen onderwezen te worden.
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