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Vznik a rozvoj stelarni astronomie

Emanuel Swedenborg 1688-1772,
rozlozeni hvézd

Thomas Wright 1711-1786,
Originalni teorie neboli nova
hypotéza o vesmiru, r. 1750
hvézdna soustava slozena z vrstvy
jednotlivych hvézd, obihajicich
kolem stiedu stejné jako Slunce,
patrn¢ existuji i jiné Mlécné drahy
ve velkych vzdalenostech, proc
maji oka uprostied?




Charles Messier 1730 - 1817

francouzsky astronom, pozorovatel, tviirce katalogu, objevitel komet
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Charles Messier
navrat Halleovy komety

Jako pruni pozoroval ve Francii navrat Halleyovy komety v lednu roku 1759 Charles
Messier (1730 - 1817). Jeho zasluhou byly komety od druhé poloviny 18. stoleti systema-
ticky pozorovany. Messier popisoval a zakresloval rozméry, zmény jasnosti, jadra a hlavy
komety. Zachycoval polohu komet na obloze do hvézdnych map, odkud dalsi astronomové
propocitavali drédhové elementy. ZkuSeny pozorovatel Messier, nazyvany ve své dobé lovec
komet, v letech 1763 - 1802 pomoci dalekohledu objevil 14 komet. :

Pro usnadnéni hledani komet Messier roku 1781 vydal prvni katalog mlhovin a hvézdo-
kup, ktery obsahoval 103 objektt, z nichZ vice nez 60 bylo objeveno samotnym Messierem.
Z téchto 103 objektii bylo 33 galaxii, pfedevsim spiralnich, 27 kulovych a 30 otevienych
hvézdokup a 11 plynnych mlhovin. Pouze u dvou z téchto objektii Messier chybné pova-
zoval za mlhovinu dvé hvézdy — dvojhvézdu s malou jasnosti — M 40 a neznamy objekt — M
102. Pozdéji byl katalog doplnén o 7 dalSich objektti. V Messierové katalogu M 1 oznacuje
Krabi mlhovinu, M 31 mlhovinu v Andromedé a M 42 mlhovinu v Orionu.



Z.:aklady stelarni astronomie

anglicky astronom William Herschel 1738 - 1822, rod pochazel z
HerSpic u Slavkova, zakladatel steldrni astronomie, sestrojil desitky
zrcadlovych dalekohledu, r. 1789 nejvéEtsi s primérem 122 cm, nejcastéji
pozoroval s dalekohledem o priiméru 30 cm, s ohniskovou vzdalenosti

6 m, systematickou prohlidku oblohy zapocal roku 1774.




William Herschel

13. bfezna r. 1781 objevil v souhvézdi blizencu téleso - Uran, v deniku
uvedl: ,,Zprdva o komete. V utery 13. brezna 1781 mezi desdtou a
jedenactou vecer, kdyz jsme zkoumal slabé hvézdy v sousedstvi k
Geminorum jsem zpozoroval jednu, kterd se zddla byt vetsi nez ostatni.
Zarazen jejim nezvyklym vzhledem a velikosti, srovnaval jsem ji s k
Geminorum....Shledav, Ze obé predci jasnosti, domnival jsme se, Ze je to
kometa. “ vlastni pohyb 2,5 /hod podél zvitetniku, nazev dal J. E. Bode.,
Pokousel se o zméteni paralaxy Galileovou metodou, z posuvu poloh
hv€zd ruzné jasnosti nachazejicich se v blizkosti u sebe, slabsi - patrné 1
vzdalenéjsi slozka by se vzhledem k obloze neméla téméi pohybovat,
slouzila jako vztazny bod pro méfeni paralaktického posuvu hvézdy
bliZ$i - jasnéjsi, tedy hledal paralaktickou elipsu-— posuv hvézd vznikly
disledkem pohybu Zemé kolem Slunce,

objevil dvojhvézdy, r. 1782 uvetejnil prvni katalog 269 dvojhvézd, r.
1785 1172 434 dvojhvézd, 1803 pochopil fyzickou souvislost slozek, zjistil
potoceni spojnice obou slozek u padesati dvojhvézd, dusledek pusobeni
gravitace a obhu kolem spole¢ného hmotneho stredu,
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William Herschel

katalog dvojhvézd
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William Herschel

pozorovani vybranych sméri, statistické vyhodnocovani, hledani
obecnych zakonitosti v rozloZeni hvézd, predpoklad - vSechny hvézd
stejny zarivy vykon, model ,,Galaxie*
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William Herschel

pozorovani vybranych sméri, statistické vyhodnocovani, hledani
obecnych zakonitosti v rozlozeni hvézd, predpoklad - vSechny hvézd
maji steyne zarive vykony, jsou rovhomerné rozlozeny v nasi hvézdne
soustave, z pozorovani zjistil rozdilnost koncentraci hvézd, napt. v pasu
MIlécn¢ drahy €1 ve sméru souhvézdi Velke Medvédice — opustil sviyj
piredpoklad konstantni prostoroveé hustoty hvézd ve vSech smérech, stejné
jako myslenku stejné vzdalenosti vSech hvézd od sebe, jako Slunce —
Sirius, zkoumal také mozny pohyb Slunce, prostorovy pohyb jasnych
hvézd, zjistil vzajemne piiblizovani Arktura a Vegy, naopak Sirius a
Aldebaran se od sebe vzdalovaly, predpokladal pohyb Slunce k hvézdé
A Herculis.



William Herschel

Prvni katalog 1 000 mlhovin Williama Herschelar. 1786, 1789, 1802
Astronomicka pozorovani tykajici se stavby nebes r. 1811

r. 1791:pokus o klasifikact mlhovin, praveé ze ziedéncho plynu, neprave -
vzdalen¢ hvézdné soustavy,

pozorovani vybranych sméru, statisticke vyhodnocovani, hledani
obecnych zakonitosti v rozlozeni hvézd, Sestra Lucretia Karolin
Herschel 1750 — 1848, pozorovala samostatné, objevila nékolik komet,
William zjistil antikorelaci mezi vyskytem skvrn v daném roce a cenou
obili na londynském trhu, skvrny mély byt pri¢inou teplejSiho pocasi




William Herschel

objev infraCerveného zareni r. 1800, méril teplotu riuznych barev ve
spektru Slunce,

rozdéleni intenzity ve viditelném zareni, slaba teCkovana ktivka
oznacena R, Cerveny obor spektra uprostied grafu - pismeno H
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Figure 10. Spectral distribution of visible light and thermal radiation—thermal radiation on the
left (A, S, Q, A represents the spectrum of heat), visible light distribution on the right (G, R, Q, G
represents the spectrum of visible light)—original drawing from Herschel’s article [10].




Johann Wilhelm Ritter 1776 - 1810

némecky fyzik, objev ultrafialového zarenir. 1800




John Frederick William Herschel 1792 - 1871

r. 1834 mys Dobré Nadéje, astronomicka
observator, dalekohled o pruméru 50 cm,
mapovani jizni oblohy, rozsitfeni katalogu
mlhovin a hvézdokup, —

Vysledky astronomickych pozorovani 7
pritbéhu let 1834, 5, 6, 7, 8 na Mysu Dobré
nadeje... r. 1847

autorem domnénky o rotaci Galaxie, prvni
pokus o kalibraci jasnosti hvézd vizualnim
fotometrem

zavadél do praxe vyuzivani fotografické
metody, zavedl poymy fotografie, pozitiv,
negativ

v Cervencl 1842 pozoroval v Milané uplné
zatméni Slunce




John Frederick William Herschel

Nacrty astronomie r. 1849, uCebnice, 10 x
Obecny katalog mlhovin a hveézdokup r. 1864,
objevil pres 5 000 mlhovin a hvézdokup,
observator,
Dopis Karoliny: ,,Drahy synovce, jakmile bude
Ivij dalekohled postaven, preji si, aby ses
podival zda neni mozné najit néco napadného
v jizni ¢asti Stira. Pamatuji si totiz, Ze se Tvijj
R otec nekolik noci a let vracel k oblasti v této
casti oblohy a nemohl si vysvétlit jeji
~ o, neobycejny vzhled. Bylo to vice, nez jen uplnd
absence hvezd "




Stanoveni paralaxy hvézd

némecky astronom, Friedrich Wilhelm Bessel 1784 — 1846
presné astrometricka méteni, aplikace teorie pravdépodobnosti a metody
neymensich ¢tvercu, Konigsbergské tabulky r. 1930,

II. A letter from Professor Bessel to Sir J. Herschel, Bart.,
dated Konigsberg, Oct. 23, 1838.

Esteemed Sir,—Having succeeded in obtaining a long-looked-
for result, and presuming that it will interest so great and zealous
an explorer of the heavens as yourself, I take the liberty of making
a communication to you thereupon. Should you consider this com-
munication of sufficient importance to lay before other friends of
Astronomy, I not only have no objection, but request you to do so.
With this view, I might have sent it to you through Mr. Baily; and
I should have preferred this course, as it would have interfered less
with the important affairs claiming your immediate attention on
your return to England. But, to you, I can write in my own lan-
guage, and thus secure my meaning from indistinctness.

After so many unsuccessful attempts to determine the parallax
of a fixed star, I thought it worth while to try what might be
accomplished by means of the accuracy which my great Fraunhofer
Heliometer gives to the observations. I undertook to make this
mvestigation upon the star 61 Cygni, which, by reason of its great
proper motion, is perhaps the best of all; which affords the ad-
vantage of being a double star, and on that account may be
observed with greater accuracy; and which is so near the pole
that, with the exception of a small part of the year, it can always
be observed at night at a sufficient distance from the horizon. I
began the comparisons of this star in September 1834, by measuring




Stanoveni paralaxy hvézd
Friedrich Wilhelm Bessel, 61 Cyg a, b, r. 1838

the place of the earth by a. Then the expressions of the distances
at the beginning of 1838 are—-

For the star a = a + ta' +aa”
For the star &6 = g+ +ap”

. These expressions, as they were at the time of each observation, I
have written against the observations; we can, therefore, by inspec-
tion, perceive how the observations agree with the theory.

OBSERVATIONS OF THE STAR Q.

1|Aug. 18 | 463050 | «—0-369 4’ +0-635 4" | 34 May 16 | 461015 | a-+0-372 2’ +0°661 o”
2 19| 1619 —0367 +0624 |35 17| 2:015! +0375 +0-680
3| 20| 1693 —0-364 +0-611 |36 19 1-313‘.+0-330 +0701
4 28 | 1726 —0342 +0.513 |37 21| 1902 +0-386 +0-721
5 80| 1940 —0-337 +0-487 |38 92 | 1840 +0'389 +0-730
6|Sept. 4 | 1912| —0-3238 +0-414 |39 23 1-973§ +0:392  +0-740
7 8| 1841 —0312 +0363 [40|June 1, 1-379i +0'416 +0817
8 9| 1597 —0309 +0349 |41 2| 2100 +0419 +0-825
9 11| 1633 —0-304 +0-321 |42 12| 14867 +0:446 +0885
10 14| 1779| —0-296 +0-270 |43 13| 1-951| +0'449 +0-889
11 20| 1-502| —0-279 +0-184 |44 922 | 14658 +0474 +0-919
12 23| 1814 —0271 +0-138 |45 26 | 1:886 +0-485 +0-926
13 24 | 1591| —0268 +0123 |46 27| 1940 +0488 +0-928
14| Oct. 1| 1614 —0249 +0-012 |47 28 | 2111 +0'490 +0-928




Stanoveni paralaxy hvézd
Friedrich Wilhelm Bessel, 61 Cyg a,

OBSERVATIONS OF THE STAR 0.

1838, ] | 1838.

1| Aug.16 | 706572 | 5—0875 8" +0-4368” | 30 | Feb. 1 |706-199 | 4+ 0-088 5 —0-267 "
2 18| 6434 —0'369 +0462 |31 5| 6123 10099 —0-326
3 19 | 6783 —0367 +0'474 |32 10| 6127 40113 —0-398
4 20 | 6:684| —0364 +0487 [33| 19| 5887 10138 —0-519
5 28 | 6147 —0342 +0'585 |34 Mar.12 | 6167| 40195 —0-749
6 30 | 6404 —0337 +0609 |35 13| 5633| .0198 —0-758
TiSEpt- 4 6'3?35 —0'323  +0-653 36:13131.' 2. 6083 40334 —0-861
8 9| 6650 —0309 +0711 |37 3. 6075| 40337 —0857
9 11| 6206 —0304 +0725 38| 4| 6214 40340 —0-852
10 14| 6567 —0206 +0752 |39 6 6303 10345 —0842
11 20 | 6:594| —0279 +0-795 |40 12| 6301| 40361 —0806
12 23 | 6517 —0271 +0:815 |4l 16 | 6270, +0372 —0-778
13 24| 6354 —0268 +0823 |42 17 | 6:094| 40875 —0771
l4|0ct. 1| 6547 —0249 +0855 |43 19 | 6294 10380 —0-754




Stanoveni paralaxy hvézd
Friedrich Wilhelm Bessel 61 Cyg a, 8

For the Star a.

Mean distance for the beginning of 1838 ......... 461"°6094 ...... Mean Error.

Annual variation = +4"3915—0"0543 ......... +4 3372 ...... -+-0"0398

Difference of annual parallax of 61 and a... &" = +0 3690 ...... =0 *0283
For the Star b.

Mean distance for the beginning of 1838 .. ...... 706 2909 ......

Annual variation = —27-825+0"2426 ......... —2 5824 ...... =+0 0434

Difference of annual parallax of 61 and 4 ... 7= +0 2605 .. .. =0 0278

The observations seem also to indicate, that the difference of
the parallaxes of 61 and b is smaller than that of 61 and a; which
must be the case, indeed, if b itself have a sensible parallax
greater than «. The difference of the computed values of " and 2“,
in fact, exceeds the limits of the probable uncertainty of the
observations ; but it is to be observed that the probability of equal
values of «” and g8” is not so small that we should be inclined to
consider the difference of the two as proved by the observations.
Further ohservations will increase the weight of both results, and,
at the same time, give more accurate values of the annual vari-
ations,



Stanoveni paralaxy hvézd
Friedrich Wilhelm Bessel, 61 Cyg a, f, r. 1838

As the mean error of the annual parallax of 61 Cygni (=0"+3136)
is only = 0"-0202, and consequently not 45 of its value computed ;
and as these comparisons shew that the progress of the influence of
the parallax, which the observations indicate, follows the theory as
nearly as can be expected considering its smallness, we can no’
longer doubt that this parallax is sensible. Assuming it 0":3136,
we find the distance of the star 61 Cygni from the sun 657700
mean distances of the earth from the sun: light employs 103
years to traverse this distance. As the annual proper motion of
« Cygni amounts to 571123 of a great circle, the relative motion of
this star and the sun must be considerably more than sixteen
semidiameters of the earth’s orbit, and the star must have a con-
stant aberration of more than 52”. When we shall have succeeded
in determining the elements of the motion of both the stars form-
ing the double star, round their common centre of gravity, we
shall be able also to determine the sum of their masses. I have



Stanoveni paralaxy hvézd

rusky astronom némeckeho ptivodu, Wilhelm Friedrich Georg Struve,

Vasilij Jakovlevi€ Struve

1793 - 1864

piesna astrometricka méfeni, Vega r.1837

AN. ...

ASTRONOMISCHE NACHRICHTEN,
N2. 396.

Ueber die Parallaxe des Sterns « Lyre nach Micrometermessungen am grofsen Refractor der Dorpater
Sternwarte.
Von Sr. Excellenz dem Herrn wiirklichen Staatsrath ». Struve.

En meinen Mensuris micrometricis stellarum dupli-
cium w 8. w. p. CLIX hatte ich schon im Beginn des Jahres
1837 aus 17maligen mit dem Dorpater Refractor angestellten
Messungen des Abstands zwischen « Lyre und dem kleinen
Stern, der 43" von ihm absteht, den Versuch gemacht, die
Parallaxe von «Lyre, die des kleinen = 0 vorausgesetzt, zu
bestimmen. Die daselbst ausgesprochene Hoffnung, dafs fort-
gesetzte Beobachtuugen der Art bald die Parallaxe mit grés-
serer Sicherheit zu erkennen geben wiirden, ist in Erfiillung
gegangen. In einem Additamentum in mensuras mi-
crometricas, durch welches die Micrometermessungen der
zusammengesetzten Sterne bis zu meinem Abgange ven der
Dorpater Sternwarte fortgefiithrt sind, und welches ich am
;2:"‘_ dieses Jahres der Kaiserl. Akademie iiberreichte, gehen
die Messungen von « Lyre bis zum 18%» August 1838, so
dafs die gegenseitige Stellung der 2 Sterne 96mal micrometrisch
bestimmt ist. ~Der Umstand, dafs fir das Gelingen dieser
Messungen eine Vereinigung der gréfsten Durchsichtigkeit der
Luft mit villiger Ruhe der Bilder erforderlich war, erklirt es,
warum die Zahl derselben nicht gréfser geworden.

Aus diesen Messungen liefs sich nun die Parallaxe auf
zwiefache Weise ableiten, nemlich sowohl aus den beobach-
teten Abstinden, als aus den gemessenen Richtungen der die
beiden Sterne verbindenden Linie gegen den Declinationskreis,

den sogenanuten Positionswinkeln. Da aber Umnstinde vor-

Nach Aullisung der 96 Gleichungen nach der Methode der
kleinsten Quadrate ergab sich:

die Parallaxe = 092613, mit dem Gewichte

36,74 und dem wahrscheinlichen Fehler 070254,
Die Gewichteinheit ist hier das Gewicht cines einmaligen Ab-
standes, der jedesmal auf 5 Einstellungen zu beiden Seiten des -
unveridnderten Coincidenzpunctes der Fiden bei 32,000 der
Scale beruht, und fiir welchen aus den 96 Gleichungen der
wahrscheinliche Fehler sich = 0154 ergab. Es folgt hieraus,
dafs das Fadenmicrometer selbst bei diesen hiichst schwie-
rigen Messungen des Abstandes zwischen einem Steme 17 Gr.
und einem 11f Gr. eine ganz ausgezeichnete Genauigkeit ge-
wiihrte.

Da der fiir die Parallaxe gefundene Werth mehr als
10mal so grols ist, als dessen wahrscheinlicher Fehler, da
keine constant im Sione der Parallaxe wirkende Fehlerquelle
anzunehmen ist, indem pamentlich der Einflufs der Wiirme auf
den Werth eines Schraubenumgangs mit solcher Genauigkeit
bestimmt ist, dafs fiir 43" Abstand auch bei den iulsersten
Temperaturen keine relative Unsicherheit von 07001 statt findet,
so scheint mir kein Grund iibrig zu bleiben, die gefundene
Parallaxe in Zweifel zu ziehen, und ich setze ihr zufolge die
Entfernung des Sterns xLyrae vom Sonnensystem
gleich 771400 Halbmessern der Erdbahn, welchen
Raum das Lichtin 12,08 Jahren durchliuft



Stanoveni paralaxy hvézd

Vasilij Jakovlevi€ Struve, Stellarum duplicium et multiplicium,
dvojnasobné a vicenasobné hvezdy r. 1837, vypocet paralaxy Vegy

r. 1838
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A. Introductio.

Stanoveni paralaxy hvézd
Vasilij Jakovlevi€ Struve, r. 1837

INTELLIGENZBLATT

ZU :

" N® 327. DER ASTRONOMISCHEN NACHRICHTEN.

- Stellarum duplicium et multiplicium mensurae micrometricaec per magnum Fraunhoferi tubum annis

1i.
9.

»ow

8.

a 1824 ad 1837 in specula Dorpatensi institutae
auctore
F. G. WW. Struve

editae jussu et expensis Academiae Caesareae Petropolitanae.

Conspectus operis.

Historia operis. :

Apparatus micrometricus. Notiones generales. Amplificationes. Fila. Eorum diametri et parallclismus. Contactus observati
certitudo, Conjunctio filorum seu Coincidentia. Iluminatio duplex. Pretium revelutionis cochleae. Ejus ex temperatura mutatio.
De motu telescopii parallactico opera horologii effecto. . :
Methodus observandi angulos pesitionis sew directionis inter duas siellas. Punctum 0 in circulo positionis diviso motui
diurno respondens — 7. Observatio directionis, Correctio ex relatione inter polos coeli et instrumenti, Actio ponderis partinm
instrumenti in T, '

Methodus distantiarum observanderunm.  Matationes coincidentiae filorum ex duabus caussis. Methodi mensurarum usitatae pro
distantiis, pro dierentiis in declinatione. Rcthodi in minimis distantiis adhibitae.

Aeccuratior totius operis expositio. Stellae nonnullae catalogi amni 1827 pro mensuris exclusae variis ex caussis. Earum
cerisus.  Supplementum II in catalegum. Corvigenda et addenda in catalogo duplicium. Stellarum denuo dissectarum catalogus.
Numerns omaium stellavom mieromeirice observatarum. Forma diarii originalis. Contractio. Notitine generales variae mensu-
rarum indoleni et usnm spectantes.  Actio refractionis. Usus calculi probabilitatis in mensuris stellarum multiplicium apte reducendis.
De fide mensurarum micrometricarum hoc opere conientarum. Actiones athmosphaericae, Calenlus errorum probabilium ex
mensuris. Synopsis errorum probabilium ei distantiarum ¢t divectionum in variis -ordinibus, FEorum relationes. Usus errorum

. probabilium ad mutationes inveniendas, Olservationes erroneae, carumgue cmendationes,

De stellarum magnitudinibus. Notatio magnitudinum. Relatio inter ordines, postremos Herscheli II meosque. Relationes inter
ordines magnitudinis 1 ad 12. Comparatic inter notationcs.operis hujus, catalogi 1827 et mapparum Heardingianarum. Errores
probabiles in singulis magnitudinum notationihus. Stellae duplices luminis variabilis.



Stanoveni paralaxy hvézd

skotsky astronom Thomas Henderson 1798 - 1844,
piesnd astrometrickd méfeni, v Jizni Africe

V. The Parallax of « Centauri deduced from Mr. Maclear’s
Observations at the Cape of Good Hope in the years 1839 and
1840. By Professor Henderson.

An abstract of the principal contents of this paper will be
found in Professor Henderson’s letter, contained in the last Monthly
Notice, viz. that for March 1842. In addition, the author gives
the following facts relating to the history of the observations of the
star « Centauri. The earliest recorded observations which he has
found are those of Richer, at Cayenne, in 1673, and of Halley, at
St. Helena, in 1677 ; but neither of these astronomers mentions it
as being double. Feuillee appears to have been the first person
who observed it to be double, his observations being made at Con-
ception, in Chili, in July 1709, with a telescope of 18-feet focal
length. He estimates their magnitades as being of the third and
fourth, the smaller star being the more westerly, and their distance
as equal to the apparent diameter of the smaller star (Journal des

Observations Physiques, &c., par Louis Feuillée, tome i. p. 4253
Paris, 1714).

IS, 11 P S PS5



Stanoveni paralaxy hvézd

Thomas Henderson, Maclear,

XV. The Parallax of o Centauri, deduced from Mr. MAcLEAR’S Observations
at the Cape of Good Hope, in the Years 1839 and 1840. By Tuomis
Henperson, F.R.SS.L. and E., Professor of Practical Astronomy in the
University of Edinburgh.

Read April 8, 1842,

O~ Mr. MacLEAR receiving my paper on the parallax of & Centauri (Memoirs
of Royal Astronomical Society, Vol. XI. page 61), he immediately commenced
a series of observations of that double star, with the view of ascertaining
whether the supposed parallax would be confirmed or not. He has lately
communicated to me his observations made with the mural circles of the
Cape Observatory, extending from March 26th, 1839, to August 12th, 1840.
From March 26th to June 28th, 1839, the observations were made with the
old mural circle (the instrument with which my observations of declination
were made), wkxfch is now at the Royal Observatory, Greenwich. Subse-
quently the observations were made with the new mural circle, formerly at
Greenwich, and there known by the name of Joxgs’s circle. Generally, both
stars, o' and of, were observed by direct and reflected vision at the same
meridian transit, in the mode adopted at the Observatories of Greenwich,
Cambridge, and the Cape, which it is unnecessary to describe here.



Stanoveni paralaxy hvézd

Thomas Henderson, paralaxa a Centauri

Mpr. HENDERSON on the Parallax of « Centauri, deduced

Observations made with the new Circle (continued).

Date. fobgsx . | Star. Concl‘:-dgfr:;::ﬁtding Barometer. 'I;}::nnom::::
1810, | . : i Inches. = 5
April 30 R | o 187 42 2111 | 30-161 | 637 | 55%
R | & | 187 42 31-82
D a2 60 10 19-58
D o 60 10 3013
May 1 R & 187 42 2149 | 30-158 | 634 | 598 |
R & | 187 42 31-03 ’ |
D u 60 10 21'16
D at 60 10 30-62
g a | 187 42 2055 | 30°128 | 60-3 | 49-4
R & | 187 42 3069 )
D a 60 10 23-01 : .
D o 60 10 33-60 | °
9 | R " 187 42 18:95 | 30:179 | 593 | 49-8
R o 187 42 29-26
D ot 60 10 23-92
D o 60 10 34:03




Stanoveni paralaxy hvézd

Thomas Henderson

V. On the Parallax of « Centauri. By Tromas HENDERSoN, Esq.,
Astronomer Royal for Scotland, &c. &ec.

Read January 3, 1839.

THe two stars which are designated «' and «* Centauri, are situate within
19 seconds of space of each other.* On comparing the observations of
La CamLe with those of the present time, it has been found that, although
the stars have not sensibly changed their relative positions, each has an
annual proper motion of 3“6 of space. It thus appears that they form a
binary system, having one of the greatest proper motions that have been
observed ; and, from this circumstance, and the brightness of the stars, it is
reasonable to suppose that their parallax may be sufficiently sensible to
powerful instruments.

On reducing their declinations from my observations made at the Cape
of Good Hope, a sensible parallax appeared ; but I delayed communicating
the result till it should be seen whether it was confirmed by the observations
of Right Ascension made by Lieutenant MEeapows, with the transit instru-
ment ; for, as DeLaMBRE has remarked, il semble qu'on ne sera jamais bien
siir de la parallaxe des étoiles, tant que les ascensions droites ne confirmeront
pas les résultats tirés des déclinaisons.” 4 1 now find that the observations of
right ascension also indicate a sensible parallax.
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John Louis Emil Dreyer 1852 - 1926

irsky astronom danského ptivodu, sestavil The New General Catalogue
of Nebulae and Clusters of Stars - NGC katalog

Novy obecny katalog mlhovin a hvezdokup, Novy generalni katalog
r. 1888, obsdahl 7 840 objektu.

MEMOIRS
F

OF THE
ROYAL ASTRONOMICAL SOCIETY

NEW GENERAL CATALOGUE
OF NEBULE AND CLUSTERS OF STARS
fEET

INDEX CATALOGUE

LN

SECOND INDEX CATALOGUE

i

J. L. E. DREYER

Dr. 3. L. E Dreyer. Ph.D.
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John Louis Emil Dreyer
Novy generalni katalog, r. 1888, r. 1908 - 13 000 mlhovin

Dr. J. L. E. Diever, A New General Catalogue

Ca!4lfrhg(lu:.
. night | Annoal | North Potar, Anvusl | $
W.N. | OtberObservers. | Asconsbon, | Preors: | istanoe, | T ey Descriptio. i
| | Ve (doBatte, 1B e iile 2
— | — — il
B o | sl gy ..
dd © 0 4| +397 | 63 43 —20'1 | F, S R, bet %11 and %14
LiR* o0 o 6| goj| 63 6o 201 |vF, 8 scfG.L 1
mL o o 6| zor| 8228 | 20 | T, v B, almstell
ma o o16| 3o7| f2z23 | 201 |eF
St XII o o3| 38| 5520 20 | vB,vE Ne w1z 14
8w IL o 1 5| 308| 58 156 | 20 | F, 18, ¢ E
0 LE4| 307 12041Z] 30L | oF, oL, mE, vgrlbd
0 Strure o 117 308 | &6 50 20'1 ‘ vF, ¥ in nead
0 Strura o 127| 308| 67 © 201 | F, R, »9, 10sf
o lyissil S 30c | 134 389 a0 1 F, oL, 71K, glbl
St X1 o 129 | 395| 53190 20| <K v8 vIE, 2 xFstine
0 134 307 86102 200 | oF, pl, valbdl
o 135| 308 57208 200 | vF,v8 Satneh
o 137| 308| 74570 | 200 | vE, 8, B, glbd
m3 o 150| 308| 6910 201 | vF, v&, R, 1AL
o 1352 308 I 63 30| 207 | pB &R, AL »
Mu 1L o 158| 307 102540 | 200 | vF, S, iR, Dx2p
Sehults | 0 21| 3o8| 63 28| 200 | Bk iR mbdhapiot | %
Bw II © 213| 308| 57550 | =20°L | ceF,lE, 3vF st areund
Ld R, 8chuite | © 221| 309| 57282 200 | T, wioat
Sw il o za5| 308 | 57340 201 | oF, §, IE
o St X1 0 236| 3o | 625y | 207 | SR I,
| IILxa7" | o 241 | 3-05| 64 5170 | 20°T | 38 st+neh
[ eamrgsr | o aa7| 396 (115450 | 20| VE oL, m, gt
1 © 2587 305 147 482 | 201 | VEER
| aA © 314 308 | 64562 200|vEpL R, 2Fstn
| Swl o 315| 309 | 6r4r3| 207 | eFvE E Bunr
i © 3a5| 303|147 464 | 200 [ eF, pof 2
| 1353 o 332| 309 57256 (H = B, pL, B o®
W | mg © 33%| 308 6549 | 201 | Nebwrg
| | 0339 | 302|147 4f4| 200 | e, B R, fof 2
J Schmidt o 343 3o8| 71300 200 | F(daw 1)
m5 o 345 |+307| 87 6 |—201 | oF, v8, or mebst

ol D

3607
3609

Dr. J. L. E. DREYER, A New General Catalogue

Right
Other Observers. Aa‘a&e&l;ﬁn,
h m &
13128107
13 28 10
Dreyer (R) | 13 28 13
= 13 28 1§
13 28 17
Sw 11T 13 28 23
13 28 38
m 264 13 28 42
m 265 13 28 49
e 13 28 52
13 28 52
13 28 58
{(MeaTaelollizzzg 9
13 29 21
e 13 29 27

s e e
sion, 1880, 18600,  [sion,x80. on.
8 o i L
+ 301 | 82 478 | +186 | vF, 5,%9 nf iny ?
2:42 | 37 466 | 186 | cF, pS, iR, 1bM
294 | 75 225 186 | F, pS, h 1637 sp
305 | 87 533 | 186 | vE SR
271 | 54 204 186 | vF, v, R, fof 2
250 | 41 222 186 | eF, I, mE, v diffic
294 | 75 362 | 185 | F, L, E, vgbM, 3rd of 3
304 | 86 18 185 | F, 8, bM
314 | 97 46 185 | F, v8
271 | 54 36'8 185 | F, 8, R, vBxnr
367 (139 7O 185 | eel, S, IE
gor | 82 4v5 | 185 | vE, pS, viE, %9 sp’
336 (119 90 [ 183 n{%‘?‘mﬁfg%ﬁm‘
354 |132 8o 18'5 | F, pL, ¢E, vglb}
241 | 37 396 185 | cF, pL; R, vIbM
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Johannes Fritz Hartmann 1865 - 1936

némecky astronom, Vyzkum spektra a drahy o Orionis, r. 1904,
spektralni ¢ary hvézdy posunuty, vapnikove Cary nikoliv —

mezihvézdného plivodu

-

INVESTIGATIONS ON THE SPECTRUM AND ORBIT
OF & ORIONIS*®

By J. HARTMANN.

OnE of the first results obtained by M. Deslandres with the
new spectrograph attached to the 62 cm refractor of the observa-
tory at Meudon was the discovery of the “oscillation” of &
Oriomis. 1 use the term “oscillation’” in place of the ponderous
expression ‘“‘variability of velocity in the line of sight;” but the
idea of oscillation is still somewhat broader, as it includes every
sort of periodic variation in the spectrum, without saying any-
thing as to its explanation. -

After the publication? of the discovery mentioned, which was
communicated to the Paris Academy on February 12, 1900,
Director Vogel instructed the observers in the field of stellar
spectroscopy at Potsdam to undertake to confirm the interesting
phenomenon, and the observations made with the four different
spectrographs then in use here proved beyond a doubt that
8 Orionis belongs to the number of oscillating stars. A confir-
mation of the discovery was also given by three observations by
Wright with the Mills spectrograph of the Lick Observatory.



Johannes Fritz Hartmann

némecky astronom, Vyzkum spektra a drahy o Orionis, r. 1904,
spektralni ¢ary hvézdy posunuty, vapnikové nikoliv — mezihvézdny
puvod, spektralni ¢ara K Ca II, A = 393,4 nm nemé¢la periodicke posuvy
jako ¢ary vodiku a helia, vyvolan¢ obéhem slozek dvojhvézdy

SPECTRUM AND ORBIT OF &8 ORIONIS 273

ment between the results from the different plates was decidedly
less than for the other, much less sharp lines. Closer study on
this point now led me to the quite surprising result #hat the calcium
line at '\ 3934 does not share in the periodic displacements of the lines
caused by the orbital motion of the star.



Johannes Fritz Hartmann

némecky astronom, Vyzkum spektra a drahy Orionis, r. 1904,
spektralni ¢ary hvézdy posunuty, vapnikove Cary nikoliv —
mezihvézdného plivodu

column headed 11 in lable 1V, the original measurements being
given in column I. In this table I have arranged the plates in
order of the values of V, the true velocity of the star relative to
the Sun, computed from the orbit. The velocities deduced from
the calcium line alone are designated by C’ (relative to the
Earth), and C (relative to the Sun).

TABLE 1V,
[ r
C' from A 3934 ’

Plate Number V R:;i "é':::.m C Dif,

1 11 Mean |
km km km km km km km
I 247 4+ 18.0 “+44 | 430 | +42 e=27 |} ML || o—
I 254 -+ 50.6 cees | 44 | t44 b —27 | +17 | +1
I153 + 63.3 =Ix | iR | il +9 | 420 | 44
I 485 ~+133.2 —+24 “+19 ~+22 || o | 22 + 6
I 401 + 63.5 +3| +7| +5 — 1| +4 | —12
I 495 + 35.8 cees | 438 | 438 —14 | +24 | + 8
[ 204 +23.5 || +35 | +25 | +30 —16 | 14 | — 2
I 231 + 3.0 —+40 40 —25 ~+15 | =%
1232 — BI.I —+25 +32 28 —25 + 3 —13
I 266 — 66.2 ~+-a6 +40 —+48 —26 +22 + 6
I 215 — 65.1 +43 —+43 —23 —+20 “+ 4
I 221 — 58.0 42 —+42 —24 +18 -+ 2

Mean 416 km




Norman Robert Pogson 1829 - 1891

anglicky astronom pozdé&j1 pracujici v Indil, Magnitudy tiiceti Sesti
malych planet pro prvni den kaidého mésice roku 1857, r. 1856

1z Mr. Pogsop, Magnitudes of Thirty-siz Minor Planets,

Magnitudes of Thirty-siz of the Minor Planets for the First Day
of each Month of the Year 1857. By Norman Pogson, Esqg.,
Assistant at the Radcliffe Observatory, Oxford.

(Communicated by M. J. Johnson, Esg., Radcliffe Observer.)

No.| " Planet. | M. |Jan.|Feb.|Mar.[Aprl|May. sune suty.| aug.| sopt] ost. |or. |Des. ey

8| 81
6| 8o
4] 9°3
82| 84
1270 |11°8
10'0|10°%

88| 89| gof 89| 88|
90| 9'x 92| 91|
‘0 3'8 6| 83 :
s.s & 8'3 81 78| 70
03 04
11 o9

g~
o o0
-] o

=
v v ENe eg

-1

P W hun 00 =
N Oh =

11°0 (10°6 |t 10'3 (1074 (10"
10°g |11°0 |11°1 [11°0 |10 [10°7

9'7| 9'9 [10*3 {106 |10°8 |10 (1171 (11°1 |1X°O
102 101 | 9'9( 97| 9°5| 93| 89| 86| 84
1003 [10°1 | 9'g| 95| 91| 87| 82| 79| 80
114 11°4.11°3 (111 [10°9 [10°6 |10°3 |10°] [10°4 |10°7
103 1061011z |14 |15 |16 (1075 |11°4 u‘z
10° 10'1| 96| 9'x| 87| 84| 84| 89| 9°5{10°1 j1O"

=
Q0. AR8 Scnpinng

g

'S
CE
[T

10°5

-
Q=
P

13 | Egeria..... g7 i1rgliral110 j10°7 [10°3 [10°1 |10°2 (104 f10'8 f11°x |14 X276 [11y
14 | Irene...... 9'8 |11°8[12'0 (121 [12°1 [32°1 {11 |1K°7 |11"4 [11°T [10°7 |10°4 |10} |10°5
15 | Eunomia...| 85| 82| 87| g0| 93| 9°6] 98! 9'g|100|10%0 | 9'9| 98| 96| 93
16 | Psyche..... 100107 [10'5 [10°5 j30°7 (112 [10°4 {11'7 |11°g |1270 [12°0 [12°0|11°g [IT1°7
17 | Thetis .....| g'g |1r'3 113 |11°3 [31°2 |11°0 10°8 [10°§ |10°2 1070 {10°0 |16} {20*7 (I 13

‘4| 9'0] 96|10 1076 [¥0'g 112 1175 (1 1°6 1177 j137 [12°6|1x4 [TE T

94
19 | Fortuna....| 9'5| 9'6}10%0 |10°3 j10°6|10°8 [1170 [15°1 |1 X2 |11°2 {111 |IT°0( 107 |10°%
92| 93| 95| 9°8 {101 [10°3 |10°4 106 107 |10°7 |10*7 |10°6 | 1075 [10°3
21 | Lutetin ....|105 109114 [17°8 j12'2|12°5{12°7 [12°8 [12°9 |12°9 |12°8 [12°6} 123 [12'0
23 | Calliope.... |16z [1r1 1273 114 [1°g|xrg [1r-g 11101 10 [10°6 {10°3 | 9%9| 9°7| 9°7}
23 | Thalia..... 10°7 (110 frrg (1174 (1375|106 116 11§ |11°5 (114 |11°3 |11°T |20°9 |10"7
24 | Themis ....|11°6 [12°3 |12°6 |12°8 [12°9|12°g 12" 12°8 |12°6 [12°4 [12°1 |1X°7 [13°3 |T1'X

25 | Phocea..... 107 t12'0|11°6 [11°1 106 (10'0| 9°5| 92| 9°2 | 9'5| 99|14 |10°g |1I"]
26 | Proserpine..|10'8 |11°3{10°9 {10'6 {106 |10°g {11°2 (X175 [s1°8 |12°0 |12°1 [13°2 [13°2 [12°X
27 | Euterpe....|10'2 117|118 [11°8 {t1°8 {1177 |11°6 {1174 [11°2 |F1°0 {108 [10°4 1071 | 9°7
28 | Bellona ....[10'3|xr'7 |11°g [11°g 120 {11°g [11*7 j¥3°5 |13°3 [10°9 (1075|101 | 97| 9°6
29 | Amphitrite .| 9'1[ 90| 94| 9'8 |10°1|10°4 [10°6 [10°7 [10°8 [10°8 [10°8 |10°6 |10°4 [10"3
30 | Urania.....|[1071|12°2 {178 [11°§ 111 |10°8 {107 (k070 103 [12°6 |32°8 {3270 [13° [12°2

31 | Euphrosyne. [11°4|12°6 [12°4 [12'1 [11°9 [11°8 [12°0 ;12°3 [12°6 [12°9 |13°2 |13"3 1374 :;-;
32 | Pomona....|110|12°412'2 {120 [11°7 [11°4 [13°1 j10'g |33 [12°§ {1079 |12°3 [12°6 J12°
33 | Polybhymnia. [11°2|13°2 {12°g |12°7 |12°7 {r2'8 |13'1 {13°3 |13°¢ |73°'5[13°5|13°4 |13°3 [13°0
34 | Circe ...... 11°6{23°5 |13°6 {13°7 |13°6 [13°5 |13°3 13'0 |12°7 [12°3 | 120 {118 120 22
35 | Atalanta....|12:5|13°1 j127g |r2°g [13'7 [13°6 |14°0 {14°4 [14°6 |14'B {1570 [15°0 [14°9 |14
36 | Fides ...... 108 {1170 {10°7 [10°7 [11'0 [£1°4 |11°g |12°3 |12°6 [12°8 1279 [13'0 |13°0 1279
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tance. 1t must, however, be remempered, LDAT A0 ©IIUF 11 VU
assumed value of M for any planet will cause a corresponding error -
:niltha ephemeris throughout the year, and at present these quan-
tities are by no means satisfactorily determined, especially for the
more recently discovered planets. But, perhaps, the greatest use of
such an ephemeris will be on the occasion of the earliest observations
after conjunction, when an approximate knowledge of the magni-
tude may save the annoyance of mistaking an adjacent star for the
ohject sought, an accident of too common occurrence éven to expe-
rienced observers. Six planets have been omitted for want of
aphameridaa : for one of these, Daphne, no elements have yet been
computed. For the remaining five, the numbers M may be taken
as follows :—Leucothea, 12°5 ; Leda, 11'5 ; Letitia, 88 ; Har-
monia, 8'5 ; and Jsis, 10'3. Their magnitudes at any time may
‘then be =lsuund by the formula,—

m=M—slog(a.a—1) + §(log r + log 4).

‘The magnitude-ephemeris will also be & severe test of the truth of
the adopted light ratio; for if that ratio be really the one employed
by the majority of observers, the correction for any one planet will
ha the conatant one due to the number in the column M ; but if, on
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TeE examination of the photographs of the Henry Draper Memorial has led to '
the discovery of a large number of variable stars of long period. The greater
portion of these has been found from the characteristic spectrum, Md, which
indicates the third type traversed by bright hydrogen lines. While many variable
stars of long period have spectra of the fourth type, and a few have spectra of the
third type in which the hydrogen lines are not bright in the photographs, no case
has yet been found in which a star having the spectrum, Md, described above, is
not variable. The number of these stars, and the fact that many of them were too
far south for observation in Cambridge, rendered it necessary that their positions and
variations in light should be determined photographically. The collection of photo-
graphs stored at Cambridge furnished excellent means for doing this. When a
new variable is discovered in any portion of the sky we generally have from one
to two hundred photographs of the region from which its position and brightness
can be determined. The methods employed have been described in Volume XXVT,
Chapters XII and XIII. When a star was found whose spectrum was of the third
type having also bright hydrogen lines, the photograph was laid upon the corres-
ponding chart of the Durchmusterung, and the approximate position was read. It
was then looked for in a card catalogue in which all known variables had been
entered. When the star was not contained in this catalogue, about a dozen chart
plates of the region were selected, and the image of the object was compared with
those of adjacent stars on each plate. When the evidence of variability was unmis-
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A PHOTOGRAPHIC STUDY OF VARIABLE STARS, 7
| |
J Des. Cat. No. M.ag'n.l K. A, Dec. ‘ T i y | Az | Ay | z ‘I v Aa | AS l|.\Iean.| R.eeld.‘l Magn.
6. U PrrsEr.  R. A. 1% 53m.0, Dec. +54° 20
° A m. & o z | | | " " 8. "
V |+54°431 | 9.0 | 1 49 59.7 |+54 7.0 | 5.69| 3.27|01,01|02,02 0 |4 N [ [ [
a |+53°440| 7.9 | 1 53 47.7 | +53 59.7 | 6.60| 0.6800,00|08,02|+2003 |~ 422|..|..| 82 |1701| 8.48
b |+54°439| 91 | 152 27.2 |+54 L5 | 2.30| 1.30|00,00 (00,00 |+1302|— 821|..|..| 82 |7200| 9.80
e |+54°438] 9.0 | 1 52 19.0 |+54 5.4 | 1.80| 2.75/00,00|00,00|+1221|— 85|..|.. | 30 |0011| 9.62
d |+540485| 0.5 | 1 51 50.5 |+54 4.6 | 0.30| 2.35|00,00|00,00|+ 976|— 150 .. (.. | 656 |0110| 9.92
e T [ — 358| 1.48|02,03|03,02|+ 344|— 292|..|.. | 25 |0101|10.57
£ 5.00| 2.72(00,0002,08 |+ 112{— 90|..|..| 22 |0010|10.82
g .. | 8.50| 2.90|00,00|00,00(+ 357~ 60|..|..|380|0000 11.04
b .| 5.85| 6.22/00,00]03,02{+ 55+ 481|..|..| 25 [1001 11.34
k 5.70| 6.82/00,00(08,02|— 2|+ 579|..|..| 80 |0000|11.59
1 . .. | 4.65| 5.58|00,00(02,08|+ 170 |+ 377|.. ‘ o |ve..|11.89
| | | | |
7. V Perser. R. A. 1% 556m.1, Dee. +56° 15,
{n. m. & o ] | | 1" ] \ "
v | .. ... |15% 41 |+56 20 | 2.25| 3.25|00,00|00,00 0 < il okl S . S
a |+56°416| 8.7 | 1 54 48.4 |+56 28.4 | 9.9010.32|00,00 03,02 |+1369|+1266 0.2|18| 40 | 0000| 8.63
b |+56°417 | 8.8 | 1 54 56.6 |+56 18.7 [10.30| 8.78 | 00,00 | 02,08 +1441 |+ 990/0.6|12| 52 |110Z{ 9.08
¢ |+55°486| 9.1 | 1 54 43.2 |+55 51.0 T R I R ) Mo e | e e i 11;; g.gg
al.. Lo s oo .. .. ..| 1.80| 4.90(00,0000,00 — 81|+ 205|....|20 37 :
o |+56°408| 9.4 | 1 51 2.6 +56 158 | 0.60| 8.05|00,00 00,00 — 510 |+ 859 0.4|30| 68 | 124010.10
5 |+56°404| 95| 1 61 21.0 |+56 4.8 | 0.18| 4.18|03,02|03,02|— 871 |+ 166]/1.3| 0| 18 | 2072{10.78
g 1.10| 3.50|00,00|00,00 (— 206+ 45|..|..| 68 3127|10.96
h 1.30| 3.65|00,00|00,00(— 170 |+ 72|..|..| 40 |000.|11.64
k 0.30 | 3.70|00,00| 00,00 (— 849|+ 8&L|..[..|50 |00..]|12.04
| .| 215| 4.62(00,00{03,02|— 18|+ 245|..|..| 85 |0Z..|12.564
m | .| 2.70] 8.62(00,00 | 08,02+ 81%+ BGI.. e s i....:w.sg
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ANNALS OF HARVARD COLLEGE OBSERVATORY. VoL. LX. No. IV.

1777 VARIABLES IN THE MAGELLANIC CLOUDS.

By Hexrierra S. Leavrrr.

IN the spring of 1904, a comparison of two photographs of the Small Magellanic
Cloud, taken with the 24-inch Bruce Telescope, led to the discovery of a number
of faint variable stars. As the region appeared to be interesting, other plates were
examined, and although the quality of most of these was below the usual high
standard of excellence of the later plates, 57 new variables were found, and announced
in Circular 79. In order to furnish material for determining their periods, a series
of sixteen plates, having exposures of from two to four hours, was taken with the
Bruce Telescope the following autumn. When they arrived at Cambridge, in
January, 1905, a comparison of one of them with an. early plate led immediately
to the discovery of an extraordinary number of new variable stars. It was found,
also, that plates, taken within two or three days of each other, could be compared
with equally interesting results, showing that the periods of many of the variables
are short. The number thus discovered, up'to the present time, is 969. Adding to
these 23 previously known, the total number of variables in this region is 992.
The Large Magellanic Cloud has also been exdmined on 18 photographs taken with
the 24-inch Bruce Telescope, and 808 new variables have been found, of which
1562 were announced in Circular 82. As much time will be required for the discussion
of these variables, the provisional catalogues given below have been prepared.
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A selection of catalogue stars in the region of the Small Magellanic Cloud is
contained in Table I, in which the first three columns give the number in the
Argentine General Catalogue, the right ascension, and the declination for 1900.
Unfortunately, a large proportion of the stars are double, although the photographic
images give no evidence of the fact. The positions in the Table are, in such cases,
those of the preceding components as given in the Catalogue. ~ The fourth and fifth
columns give the coordinates in = and y, as measured from the south-preceding
corner of the plate. The approximate centre of the plate has the coordinates,
z=12752", y =10393", and its position is in R.A.= 0* 50™.9, Dec.= — 73° T’
(1900). Owing to the great distance of the region from the equator, the order of
the coordinates in z frequently differs from that of right ascension.
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HARVARD COLLEGE OBSERVATORY.

CIRCULAR 173.

s

PERIODS OF 25 VARIABLE STARS IN THE SMALL MAGELLANIC
CLOUD.

The following statement regarding the periods of 25 variable stars in the
Small Magellanic Cloud has been prepared by Miss Leavitt.

A Catalogue of 1777 variable stars in the two Magellanic Clouds is given
in H.A. 60, No. 4. The measurement and discussion of these objects present
problems of unusual difficulty, on account of the large area covered by the
two regions, the extremely crowded distribution of the stars contained in
them, the faintness of the variables, and the shortness of their periods. As
many of them never become brighter than th fifteenth magnitude, while very
few exceed the thirteenth magnitude at maximum, long exposures are neces-
sary, and the number of available photographs is small. The determination
of absolute magnitudes for widely separated sequences of comparison stars of
this degree of faintness may not be satisfactorily completed for some time to
come. With the adoption of an absolute scale of magnitudes for stars in the
North Polar Sequence, however, the way is open for such a determination.
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2 CIRCULAR 173.

have the longer periods, but at that time it was felt that the number was
too small to warrant the drawing of general conclusions. The periods of 8
additional variables which have been determined since that time, however,

conform to the same law.

TABLE I

PERIODS OF VARIABLE STARS IN THE SMALL MAGELLANIC CLOUD.

| | | :
H. Max. | Min. Epoeh.l Pericd. | Res. M. | Res. m. H. Max. | Min. | Epoch. Period. Res. M. | Res. m.

| d. | d. | - [ 4 d. _

1505|14.8 | 16.1 | 0.02| 1.25336 ! —0.6 | —0.5 | 1400 14.1 | 14.8 l 4.0 6.650 | 4+0.2 | 0.3
1'435: 14.8 | 16.4 | 0.02| 1.6637 | —0.3 | 40.1 | 1355 |14.0 ]14.3 48 7.483 | +0.2 | —0.2
1446 (14,8 | 16.4 | 1.38| 1.7620 | —0.3 |+0.1 | 1374|13.9 [15.2 | 6.0 8397 | +0.2 | —0.3
1506 | 15.1 | 16.3 | 1.08| 1.87502 | +0.1 |40.1 | 818|13.6 |14.7 | 4.0 10.336 0.0 0.0
1418|14.7 |15.6 0.35| 2.17352 | —0.2 | —0.5 | 1610/ 13.4 | 14.6 |'11.(] 11.645 0.0 0.0
1460114.4 | 15.7 | 0.00| 2.913 —03 | —0.1]1865|13.8 148 | 9.6 12417 | +0.4 | 40.2

1422|14.7 [15.9 | 0.6 ‘3.5[}1 1402 | 402 |1851|13.4 | 144 | 40| 13.08 |+40.1 |—0.1

842|14.6 | 16.1 | 2.61| 4.2897 |+40.3 |+0.6 | 827|13.4 (143 |11.6 | 13.47 |40.1 | —0.2
1425 14.3 |15.3 | 2.8 | 4.547 00 |—01] §22|13.0 146 |13.0 | 16.756 |-0.1 : +0.3
1742|143 |15.5 | 0.95] 49866 |+0.1 |+C.2| 8231122 141 | 29 | 3194 |-0.3 |+04
1646 | 14.4 (154 | 4.30| 5311 | +0.3 |+0.1 | 824/11.4 | 12.8 | 4. 65.8 —0.4 | —0.2
1649|14.3 |15.2 | 5.05 5323 |+0.2|—0.1] 821 112 112.1 197. | 127.0 -0.1 | =04

1492|138 |14.8 | 0.6 | 6.2926 I—ﬂ.? —0.4
[ I : | | |
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A selection of catalogue stars in the region of the Small Magellanic Cloud is
contained in Table I, in which the first three columns give the number in the
Argentine General Catalogue, the right ascension, and the declination for 1900.
Unfortunately, a large proportion of the stars are double, although the photographic
images give no evidence of the fact. The positions in the Table are, in such cases,
those of the preceding components as given in the Catalogue. ~ The fourth and fifth
columns give the coordinates in = and y, as measured from the south-preceding
corner of the plate. The approximate centre of the plate has the coordinates,
z=12752", y =10393", and its position is in R.A.= 0* 50™.9, Dec.= — 73° T’
(1900). Owing to the great distance of the region from the equator, the order of
the coordinates in z frequently differs from that of right ascension.
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Radio Waves from Outside the Solar System

IN a recent paper' on the direction of arrival of
high-frequency atmospherics, curves were given
showing the horizontal component of the direction

of arrival of an electromagnetic disturbance, which |

I termed hiss type atmospherics, plotted against time
of day. These curves showed that the horizontal
component of the direction of arrival changed nearly
360° in 24 hours and, at the time the paper was

written, this component was approximately the same |

as the azimuth of the sun, leading to the assumption
that the source of this disturbance was somehow
associated with the sun,

Records have now been taken of this phenomenon
for more than a year, but the data obtained from
them are not consistent with the assumnptions made
in the above paper. The curves of the horizontal
component of the direction of arrival plotted against
time of day for the different months show a uniformly
progressive shift with respect to the time of day,

which at the end of one sidereal year brings the curve |

back to its mitial position. Consideration of this
shift and the shape of the individual curves leads to
the conclusion that the direction of arrival of this
disturbance remains fixed in space, that is to say,
the source of this noise is located in some region
that is stationary with respect to the stars. Although
the right ascension of this region can be determined
from the data with considerable accuracy, the error
not being greater than + 30 minutes of right ascen-
sion, the limitations of the apparatus and the errors
that might be caused by the ionised layers of the
earth’s atmosphere and by attenuation of the waves
in passing over the surface of the earth are such that
the declination of the region can be determined only
very approximately. Thus the value obtained from
the data might be in error by as much as + 30

The data give for the co-ordinates of the region
from which the disturbance comes, a right ascension
of 18 hours and declination of — 10°,

A more detailed deseription of the oxperiments
and the results will be given later.

Kart G, Jawsky.
Bell Telephone Laboratories, Ine.,
New York, N. Y.
May 8.

! Karl G, Jansky, ‘‘Directional Studies of Atmospherics at High
Frequencies”, Proe. Inst. Rad, Eng., 20, 1920 ; 1032,

NATURE

Radiove viny mimo Slunecni soustavu r. 1933

JuLy 8, 1933

| are made from one sheet of paper, it will only be
necessary to calibrate one of them. The change in
weight, after transferring from 40 per cent humidity,
expressed as a percentage of the weight at 40 per
cent, will be the same for all the hygrometers exposed
| to any particular humidity.
| There are many applications faor this method of
hygrometry. It is possible to measure the humidity
at the surface of a leaf, or among vegetation, without
disturbing the air.

KENNETH MELLANBY.

I

| Department of Entomology,

London School of Hygiene
and Tropical Medicine,
Keppel Street, W.C.1.

! May 26.

Co-operative Industrial Research

THE leading article in NaTvre of June 10 on this
subject appears to me to be of profound significance.
It brings into prominence the fundamental issues in
regard to industrial research and the application of
science to industry, which are so seldom taken into
consideration.

I do not write in any critical spirit, but I feel that
the end of the War left us —statesmen, administrators,
scientific workers, and the nation at large—obsessed
with the idea that the benefits to be derived from
the application of science to industry were mainly
external to the human mind and purely materialistic.
We were very confident then that the so-called
rationalisation of industry, the elimination of hand
labour, the development of machinery and proeesses
and the standardisation of mass-produced articles,
were going to make us all happy and prosperous.
A good many industrialists have learned since then
that cheapness and efficiency in production are by
no means overything ; it is what is produced that
matters most.

The wvital thing about any manufactured product
is the purpose it serves in the life of man, not the
processes of its manufacture.  Consideration of
purpose leads to the investigation of design. Design
is usually stated to include three factors, beauty,
distinctiveness and utility. The relative importance
of these factors will vary with the produet, but it
seems to me that to concentrate almost all industrial

____ R 5 4
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americky astronom némeckého puvodu, mezihvézdna latka

O moZném pripadu mezihvézdného zcervenani r. 1946,

absorpCni a rozptylove vlastnosti mezihvézdné latky, absorpce nartista
podél galaktického rovniku

A POSSIBLE CASE OF INTERSTELLAR REDDENING
O. STRUVE
Yerkes and McDonald Observatories

In our spectrographic observations of extended regions in
the Milky Way, C. T. Elvey and I found that the bright line
[O 11] 3727 is relatively much weaker in summer than in winter.
Thus, the ratio in intensity [O 11]/ { Ha + [N 11]} 1s large in
Monoceros and Canis Major and small in Cygnus, Cepheus, and
Sagittarius. During the past few years I have made several
futile attempts to find a physical explanation for this interesting
phenomenon. No photometric measures of the differences in
magnitude

-—
-—
—
- —
—
——
——
—
| —

L0t
[ (Hoa—+ N 11)
are available, but I should estimate that the value
Am (winter Milky Way)—Am (summer Milky Way)~1 mag.

It is possible that this effect is a direct consequence of interstellar
reddening. A similar phenomenon is well known in distant

Am=+42.5log

1 Q. Struve, Jour. Washington Acad. Sci., 31, 247, 1941.
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planetary nebulae. It agrees in character with the results of
stellar observations by Stebbins, Huffer, and Whitford, who also
found particularly-heavy reddening in the region of Cygnus, and

in neighboring portions of the Milky Way.

If the total absorption at A 4250 is 0.75 mag. per 1000 par-

secs, then 1n accordance with the expression

Om = crk!
we obtain
at A 3727 : dm = 0.85 mag., for »r = 1000 psc.
at A 6562 : dm = 0.49 mag., for »r = 1000 psc.

It would seem that the average distance of the diffuse nebulous
areas in the Milky Way i1s much greater than 1000 parsecs. It
may be as large as 2500 or 3000 parsecs. However, this conclu-
sion depends not only upon equation (1), but also upon the two

facts which we shall discuss presently.
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Jasna cara Ca Il ve spektru RW Comae Berenices, r. 1950

NOTES

BRIGHT LINES OF Can IN THE SPECTRUM OF
RW COMAE BERENICES

RW Comae Berenices, with a period of only 0.237 day, is a typical W Ursae Majoris
binary with two components of spectral type G2 each. Although the apparent magni-
tude of the system is 11.3 pg at maximum and 12.03 and 11.86 pg at the two minima,
I observed the spectrum at the McDonald Observatory in January, 1950. With the dis-
persion used in this work, namely, 100 A/mm at A 3933, the two components were not
completely resolved during the elongations, but the lines are much broader than they
are during the conjunctions. As is the case in other systems of the same type, the viclet
components of the double absorption lines seem to be the stronger, irrespective of
whether they belong to the more massive or to the less massive star.

Of particular interest is the presence of a fairly strong emission line of Ca 11, which
is clearly visible in the center of a broad, blended absorption line, at each of the two
conjunctions. Figure 1 illustrates this phenomenon. It is similar to the one recently
found in the spectrum of W Ursae Majoris.! During the elongations, at phases near 0.25
and 0.75P, counted from the middle of the principal eclipse as zero, the emission lines
are weak and difficult to discern. On some of my spectrograms they look complex in
structure, and it is possible that both stars are accompanied by emitting Ca gases. In
the case of W Ursae Majoris, the emission seemed to be associated with the more mas-
sive component of the system.

The presence of fairly strong emission lines of Ca 11 in normal G-type spectra is some-
what unusual. Their existence in two systems of the W Ursae Majoris type should prob-
ably be regarded as a symptom indicating the presence of a gaseous ring or tidal extension Ca Il K
analogous to those inferred previously from the intensities of the absorption lines. Illlﬂlﬂllli i " '

OT1TO STRUVE | = & m
YERKES AND McDoONALD OBSERVATORIES

March 15, 1950 MR B 0 0 W
1950, Jan.7.525 Ph.573

RW COMAE BERENICES
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americky astronom némeckého ptuvodu Walter Baade 1893-1960
Rozliseni M 32, NGC 205 a centralni oblasti mlhoviny Andromedy, r.
1944, koncepce rozliSeni populace I a populace I1.

THE RESOLUTION OF MESSIER 32, NGC 205, AND THE CENTRAL
REGION OF THE ANDROMEDA NEBULA*

W. BAADE
Mount Wilson Observatory
. Received A pril 27, 1944

ABSTRACT

Recent photographs on red-sensitive plates, taken with the 100-inch telescope, have for the first time
resolved into stars the two companions of the Andromeda nebula—Messier 32 and NGC 205—and the
central region of the Andromeda nebula itself. The brightest stars in all three systems have the photo-
graphic magnitude 21.3 and the mean color index +1.3 mag. Since the revised distance-modulus of the
%drroup ism — M = 22.4, the absolute photographic magnitude of the brightest stars in these systems is
iHpg = —1.1.

The Hertzsprung-Russell diagram of the stars in the early-type nebulae is shown to be closely related
to, if not identical with, that of the globular clusters. This leads to the further conclusion that the stellar
populations of the galaxies fall into two distinct groups, one represented by the well-known H-R diagram
of the stars in our solar neighborhood (the slow-moving stars), the other by that of the globular clusters.
Characteristic of the first group (type I) are highly luminous O- and B-type stars and open clusters; of
the second (type II), short-period Cepheids and globular clusters. Early-type nebulae (E-Sa) seem to
ha.]‘;re hl:ﬂpuhtiﬂns of the pure type II, Both types seem to coexist in the intermediate and late-type
nebulae.

The two types of stellar populations had been recognized among the stars of our own galaxy by Oort
as early as 1926,

In contrast to the majority of the nebulae within the local group of galaxies which
are easily resolved into stars on photographs with our present instruments, the two com-
panions of the Andromeda nebula—Messier 32 and NGC 205—and the central region
of the Andromeda nebula itself have always presented an entirely nebulous appearance.



Walter Baade

Rozliseni M 32, NGC 205 a centralni oblasti mlhoviny Andromedy,
r. 1944

138 W. BAADE

reasonable exposure times is close to m,, = 20.0, the limiting photographic magnitude
being my, = 21.0. These figures make it clear at once that stars beyond the reach of the
blue-sensitive plates can be recorded in the red only if their color indices are larger than
+1.0 mag.—the larger, the better. Now there are good reasons to believe that the
brightest stars in the unresolved early-type galaxies actually have large color indices.
When a few years ago the Sculptor and Fornax systems were discovered at the Harvard
Observatory, Shapley introduced these members of the local group of galaxies as stellar
systems of a new kind.' Shortly afterward, however, Hubble and the writer pointed out
that in all essential characteristics, particularly the absence of highly luminous O- and
B-type stars, these systems are closely related to the unresolved members of the local
group.? It was therefore suggested that in dealing with the Sculptor and Fornax systems
““we are now observing extragalactic systems which lack supergiants and are yet close
enough to be resolved.” Since the brightest stars in the Sculptor system, according to
later observations by the present writer, have large color indices (suggesting spectral
type K), it appeared probable that this would hold true for the brightest stars in the un-
resolved members of the Andromeda group. Altogether there was good reason to expect
that the resolution of these systems could be achieved with the 100-inch reflector on fast
red-sensitive plates if every precaution were taken to utilize to the fullest extent the
small margin available in the present circumstances.
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These corrections refer to Hubble’s region 4 (48’ south preceding the nucleus), where
most of his variables are located. They are probably representative of the whole
material. A final discussion will be presented later after all intercomparisons of S.A. 68
with M 31 have been reduced.

Since Hubble used 72,,.x Instead of mpeq in the period-luminosity relation and since his
values of M., range from 18.1 to 19.3, the scale correction to be applied to the distance
modulus turns out to be +-0.45 mag. But Hubble’s distance modulus is based on the old
period-luminosity relation of Harvard Circular, No. 280, the zero point of which requires

+ the correction of —0.23 mag. in order to reduce it to the one commonly used in recent
years. The distance modulus of the Andromeda nebula on the present system is therefore
m — M = 22.4. If this value is adopted, the absolute photographic magnitude of the
brightest stars in the central region of the Andromeda nebula and in Messier 32 and NGC
205 becomes M, = —1.1. '

TABLE 1
m;, (Hubble) Correction
B30 o vvins v -+0.35 mag
15T A + .42
I e + .47
14,7 S8 ¢ Do AR MO + .57
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Fic. 1.—Shaded areas: ordinary H-R diagram (type I). Hatched area: H-R diagram of stars in globu-
lar clusters (type II).

Figure 1 represents schematically the H-R diagrams of the stars in the neighborhood
of the sun (shaded) and of those in globular clusters (%aéched). To conform with the usual
practice, photovisual magnitudes have been used for the absolute magnitudes; hence the
brightest stars in globular clusters appear now as stars of M, = —2.4. Both the disper-
sion and the frequency of the stars have been roughly indicated to convey an idea of the
distribution of the two groups of stars in the H-R plane.
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We thus have two strong arguments which indicate that the H-R diagrams of globular
clusters and of early-type nebulae are similar, if not identical:

1. In both populations the brightest stars are K-type stars of M, ~ —1.1.
2. In both populations the distribution in the H-R plane is characterized by high
density in the Hertzsprung gap, with the resulting appearance of cluster-type variables.

But we can advance a third argument which explains at the same time why the globu-
lar clusters happen to be the prototypes of this peculiar type of stellar population which
we will call type II in distinction from populations defined by the ordinary H-R diagram
—type I This is the fact that, as far as the present evidence goes, globular clusters are al-
ways associated with stellar pﬂpulatmns of type II. A good example is our own galaxy,
where the globular clusters clearly have the same spatial distribution as the cluster-type
variables which are representative of the stars of the second type. It is also significant
that among the nebulae composed solely of stars of type 11 even the absolutely faintest
usually have one or two globular clusters. Examples are NGC 203, the Fornax system,
and the two faint globular nebulae NGC 147 and NGC 183, discussed in the following pa-
per. This association suggests that globular clusters are properly regarded as condensa-
tions in stellar populations of the second type. Under these circumstances it is hardly
surprising that their H-R diagram should be essentially identical with that of the larger
populations of which they are members.!?
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THE PERIOD-LUMINOSITY RELATION
OF THE CEPHEIDS*

W. BAADE

Mount Wilson and Palomar Observatories
Carnegie Institution of Washington
California Institute of Technology

Around the turn of the century two investigations were started
at the Harvard Observatory that had a far-reaching influence on
the further development of astronomy: Henrietta S. Leavitt’s
investigation of the variable stars in the two Magellanic Clouds
and Solon 1. Bailey’s investigation of the variable stars in globular
clusters. The Magellanic Clouds turned out to be veritable mines
of cepheids with periods longer than one day. In contrast, the
overwhelming majority of the variables in globular clusters were
cepheids with periods shorter than one day; they were so char-
acteristic of globular clusters that Bailey proposed for them the
name “cluster-type variables.” Further investigations of these
variables led to two very remarkable results. The most striking
was Miss Leavitt's discovery that the brightness of the cepheids
in the Magellanic Clouds is a function of the period of the light-
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With regard to the cluster-type variables, the situation seemed
to be even simpler. Although their periods range from about 0.2

to 1.0 day, Bailey found little or no dependence of luminosity
‘upon period. His observations justified the assumption that all
cluster-type variables have about the same absolute magnitude,
the dispersion around the mean not exceeding 0.1 magnitude.

Miss Leavitt’s and Bailey's results thus made it clear that both
cepheids and cluster-type variables could be used as accurate and
powerful photometric distance indicators, if their absolute mag-
nitudes could be determined accurately enough. The first one
to use Miss Leavitt’s observed period-apparent magnitude rela-
tion of the cepheids in the Small Magellanic Cloud for the deter-
mination of stellar distances was E. Hertzsprung,® who had al-
ready shown that the cepheids are stars of high luminosity. From
the proper motions of 13 cepheids in the Boss Preluninary Gen-
eral Catalogue he obtained My —= —2.3 == 0.3 for a cepheid
with P = 6.6 days. The resulting value for the distance of the
Small Magellanic Cloud was 33,000 light-years.
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recent reviewers of the problem have rather glibly stated that
the discrepancy in the luminosities of the globular clusters implied
already a change in the zero point of the period-luminosity rela-
tion. It is obvious that no change in the zero point could remove
the discrepancy as long as the accepted form of the period-lumi-
nosity relation was retained.

It was only after the recognition of the two stellar populations
that the first serious doubts arose concerning the accepted form
of the period-luminosity relation. The arguments were as follows.
Miss Leavitt’s cepheids in the Magellanic Clouds and the classical
cepheids in our galaxy are clearly members of population I, while
the cluster-type variables and the long-period cepheids of the
globular clusters are members of population II. Since the color-
magnitude diagrams of the two populations leave no doubt that
in the two cases we are dealing with stars in different physical
states, there was no a priori reason to expect that two cepheids
of the same period, the one a member of population I, the other
of population II, should have the same luminosity. Moreover, a
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discrepancy such as that noted by Hubble in the globular clusters.
To remove this discrepancy, it was necessary to shift the period-
duminosity relation of the type I cepheids upward by about 1.5
magnitudes relative to the cluster-type variables.

This was the situation when the 200-inch telescope was near-
ing completion and we were discussing the first observing pro-
grams for the new instrument. Naturally I was very eager to
settle these disturbing questions which had arisen regarding the
accepted period-luminosity relation. It was also perfectly clear
how to proceed. One would have to select a near-by galaxy which
contained both stellar populations in order to study in properly
selected fields the two kinds of cepheids side by side, so to speak.
The results of such an investigation would show whether or not
the accepted period-luminosity relation represents the true state
of affairs. There was no doubt that the Andromeda nebula was
the most suitable object for such an investigation and that the
200-inch could answer the questions in which I was interested.
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ABSTRACT

A system of photoelectric photometry is outlined which utilizes the revised zero point of the visual
magnitude scale of the North Polar Sequence and which returns to the original definition for the zero
point of color indices in terms of main-sequence stars of class AO; the interval AO-gKO0 is 1 mag. The
revised Yerkes A#las system (MK) of spectral classification is taken as standard. The latter is described
briefly, and a list of standard stars is included.

Magnitudes and color indices from measures in three wave-length bands are given for stars selected
by spectral type and luminosity class to be representative of the principal regions of the H-R diagram.
A few white dwarfs are also included.

A standard main sequence is defined for the new color-absolute magnitude diagram by the use of
stars of large parallax, together with the galactic clusters NGC 2362, the Pleiades, the Ursa Major
nucleus, and Praesepe. A standard main sequence is also defined for the relationship between the two
systems of color index.

A purely photometric method for determining spectral types and space reddening for B stars in
galactic clusters is described.
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This value is larger than that given?® from rather limited data; the value here is to be
preferred. Let us now define a quantity, e, so that

_ 10 XsecZ
By

where 7 is the number of observations on a particular star. The quantity 0m001 ¢ is
the average probable error of B — V for each individual star; it is a much better criterion
(when # is small) of the quality of the observations of an individual star than is the
average deviation of the observations of that star from the mean.

Similar computations lead to the probable errors for the other observed quantities in
terms of e given in Table 1. The mean values for all stars are also given in the table.

(3)

TABLE 1
PROBABLE ERRORS OF THE PHOTOMETRY
(p.E., MAG.)
yig Mean for
Individual AT4 Sncs
Wi e =y +0m002e + 0017
B—=Y. . e | + .001e + .009

20 | %0.002¢ | +0.017

It has been found, from data given for the North Polar Sequence,? that
V=IPv+0.0004+0.002(B—V)
+ 0.006 + 0.005 (p.e.),

(4)
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TABLE 2
STANDARDS OF MK SYSTEM

Class Ia h Class Iab—Conlinued ‘ Class IT
. | I
09.5Iz | oCam | B9 1lab 4 Lac | 09 11 16 Sgr
09.5Ia | 195592 | F5 Iab 44 Cyg | 09.51 | 80m
BO Ia ¢ Ori | K3 Iab o' CMa | BO II | 43818
BO 1la 15 Sgr | MO Iagb W Aur | Bt m | 138
BO.5 Ia k Ori M2 lab a Ori | BL IL | 199216
BO.5 Ia 194839 ', | B2 m | eCMa
Bl Ia x Cas ; Class Ib B3 II | .CMa
Bl Ia 216411 f — | B3 1x | 194779
Bl.51a 190603 ' B8 II | ~yCMa
Bl.51a 194279 09 Ib | 210809 ‘ B9 II | 43836
09516 | ¢On
B2 Ia 14143 09.5Ib 19 Cep | A5 II 19 Aur
B2 Ila x? Ori BO I 69 Cyg | FO 1II HR 1242
B3 Ia 14134 BO.5 Ib 192422 | F2 II 22 And
B3 %ar o CMa Bl Ib ¢ P i F2 1II » Her
55 C er F5 1T

B3 a vg BL Ib o9 | v Per
B5 I 13267 Bl Iv | 190919 | ®% n 41 Cyg
B5 la n CMa Bl1.5Is | 193183 I GO II e Leo
B5 1la 167838 B2 Ib | 13841 | GO0 II a Sge
B6 1Ia 15497 G2 II 8 Dra
B7 I 183143 B2 Ib 13866 G5 II Ge

" B2 Ib 5 Cep | f |
B8 Ig 14542 | B2SIDb 3 Gem G5 II | BSct
B8 Ia 8 Ori | BS Id 9311 G8 II | 36UMa
B8 Ia 199478 | B 18 67 Oph Gg II | ¢Cyg
B9 Ia 17088 | K0 1II 6 Lyr

B8 1Ib 53 Cas 1 1 _

B9 1la 21291 BS 1t 13 o 1 I | HR2334




UBYV fotometricky systém

Herold Lester Johnson + William Wilson Morgan
Zdklad hvézdné fotometrie pro standardy spektrdalnich typu, r. 1953

[ ] | | ] [ | [ [ [ [
—4 - |
H
= -‘lo =
[N .
O '_‘..‘a .: . = -—
[P ¥ e
‘L.‘.o . A
Mv — '-'h..‘__ =
fg .
41— R, e, -1
S ST
b LY & |
."‘"p:-l_
8 o ar i
.

i . {_ ]
12} > T o
6 —

| | | | | | | | | | | | |
—4 0 +.4 +8 “+I.2 +1.6 +2.0
B-V

Fic. 5.—A standard main sequence for the color system B — V' and the absolute-magnitude sys-
tem My. The stars plotted include main-sequence objects: (¢), which have trigonometric parallaxes
> 07100; () the Pleiades, corrected for a mean interstellar reddening (one highly reddened A star
omitted); (¢) Praesepe; (d) NGC 2362 corrected for a mean interstellar reddening. In addition, five white
dwarfs, three yellow giants from the Hyades,and several other yellow giants of large parallax areincluded.
The open circles refer to a few stars lying above the main sequence in Praesepe which may be binaries.
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RADIO SOURCES, GALAXIES, AND CLUSTERS OF GALAXIES

By R. Minkowsk1*

MOUNT WILSON AND PALOMAR OBSERVATORIES, CARNEGIE INSTITUTION OF WASHINGTON,
CALIFORNIA INSBTITUTE OF TECHNOLOGY ’

The identification of radio sources at high galactic latitudes has progressed to a
stage at which it is possible to make the first tentative attempts at a statistical
exploration of the results. The identification of the source 3C 48 shows that
galactic sources may occur at high galactic latitudes, but the results of the deter-
mination of diameters of sources support the generally accepted assumption that
most sources at high galactic latitudes are extragalactic,

- The great majority of the extragalactic objects with which sources have been
identified seem to be completely normal; they show no features which mark them
as peculiar in any manner, either in their appearance or in their spectra where
these are available. This is in sharp contrast to the early identifications, most of
which pointed to highly peculiar objects. Most of the identifications thus are not
supported by peculiarities of the objects, but rest entirely on positional coincidence.
In this case, an identification with a given object is accepted if the statistical chance
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tion of all objects with the 200-inch telescope. The area has been searched com-
pletely by the author and by Mills on the plates of the National Geographic Society-
Palomar Observatory Sky Survey to m, = 9.2. An area of roughly 3 steradians is
available if the area within 12° from the galactic equator is excluded. The limit
for the search was set at m, = 16 for single galaxies, at m, = 18 for double galaxies.
The 48-inch plates are adequate to recognize such double galaxies and it can be
assumed that the list is essentially complete to the stated limits, but it seems prob-
able that it is incomplete in one respect. The double galaxies considered as
identifications are close doubles for which the apparent distance of the components
is smaller than the sum of the largest apparent diameters. If the separation was
larger, the components were considered as individual galaxies, but the positional
accuracy is then not sufficient to make an identification. The identifications must
therefore be incomplete with regard to objects forming wide optical or physical pairs.
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Among the double galaxies identified as sources are many double elliptical
galaxies. In the past, this has been considered as an indication of stimulation of
radio emission in double galaxies, since single elliptical galaxies seemed in general to
be weak emitters. Since a substantial number of sources have now been identified
with single elliptical galaxies of normal appearance, the argument no longer is
valid. The apparently large number of double galaxies has been considered as
another indication of peculiar effects in such systems. This interpretation also
cannot be maintained. Actually, the incidence of doubles is not larger than
expected in view of the fact that the limit of search for identifications was fainter
for double galaxies than for single galaxies.

A fainter limit of search for double galaxies follows from the condition e2n(m,)
< 0.1, which permits an extension of the search for a given class of objects to that
magnitude m, at which the number n(m,) of objects in the class fulfils the condi-
tion. For each class, the total number of objects available for identifications is
therefore the same.

The choice of the limit of search for double galaxies was based on counts of the
number of close double galaxies in sample areas. These turned out to be in sub-
stantial agreement with the data given by Holmberg,” who found that 22 out of 100
galaxies are in double or multiple galaxies. Doubles of the kind considered here
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COMMUNICATION FROM THE OBSERVATORY AT LEIDEN.

Observational evidence confirming Lindblad’s hypothesis of a rotation of the
galactic system, by % H. Oort.

1. Introduction.

It is well known that the motions of the globular

|

clusters and RR Lyrae variables differ considerably | ] :
from those of the brighter stars in our neighbourhood. | System. We must then postulate the existence of a
The former give evidence of a systematic drift of | Number of similar clouds, in order to provide a

some 200 or 300 Am[sec with respect to the bright |

stars, while their peculiar velocity averages about
80 km|sec in one component, which is nearly six times
higher than the average velocity of the bright stars.

Because the globular clusters and the bright stars |

seem to possess rather accurately the same plane of
symmetry, we are easily led to the assumption that
there exists a connection between the two. But what
is the nature of the connection?

It is clear that we must not arrange the hypothetical
universe in such a way that it is very farfrom dynamical
equilibrium. Following KAPTEYN *) and JEANS **) let

members of a local cloud which is moving at fairly
high speed inside a larger galactic system, of di-
mensions comparable to those of the globular cluster

gravitational potential which is sufficiently large to
keep the globular clusters from dispersing into space
too rapidly. The argument that we cannot observe
these large masses outside the Kapteyn-system is not
at all conclusive against the supposition. There are
indications that enough dark matter exists to blot out
all galactic starclouds beyond the limits of the Kapteyn-
system *).

LINDBLAD **) has recently put forward an extremely
suggestive hypothesis, giving a beautiful explanation
of the general character of the systematic motions of
the stars of high velocity. He supposes that the greater
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clouds and take into consideration only the forces
| arising from the greater galactic system as a whole.
The gravitational force, X, is consequently directed
to the centre of this system and is only a function'
of the distance, R, from this centre.

Let us now consider a group of stars at a dis-
tance » from the sun and let us suppose that#|R is
| so small that all terms of second or higher order

in #/R can be neglected, then it is easily seen that
the residual velocity caused by the rotation is equal to

rA sin 2 (/—1,)

in radial direction, and to
rd cosz2(i—L) + »R

in transverse direction, if /, represents the galactic
longitude of the centre (about 325°), / the longitude
of the stars considered, R the distance of the sun
from the centre,

V=VERE

| the circular velocity near the sun,

2 3
4 D(: RK)

! —arR\' T KR
and E:A—% G

The rotation is supposed to take place in right-hand
| direction as observed from a point North of the
galactic plane.

If, as LINDBLAD tentatively supposed, the principal
part of the greater galactic system is formed by an
ellipsoid of constant density, the force X will be
proportional to K. In this case

1/’
A= and,B:~E ,
the system rotates as a solid body and we shall not
find any indications of rotation in the radial veloc-
ities, but the proper motions in galactic longitude
should be systematically negative for stars in all
longitudes.
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B. A.N. 120,

'®]

= longitude, and minima at 100° and 280°, with a semi-

é-}% V. Now the most distant objects

: 4
.-observed for radial velocity are at distances of

m amplitude of

Zabout 1000 parsecs; with R — 10000 parsecs and |

m
48]

~ V= 300 km|sec this gives a semi-amplitude of over
% 20 km/sec, which might well be verifiable. With the
same assumptions the maximum effect in the proper
motions in galactic longitude would be equal to —0."003
per annum. The maximum will occur go° from the

direction towards the centre. In the direction of the |

centre and in the opposite direction the average
proper motion in longitude should be equal to about
+ 0".002. The proper motion effects are, of course,
independent of the distance of the objects considered.

3. Discussion of the radial velecities.

LEIDEN

277

| statistical study of the c-stars SCHILT has remarked

upon the deviations from zero of the mean peculiar
velocities of stars in different longitudes *). His table
of residuals is reproduced below.

TABLE 1.

Average | Average peculiar mean - e >
longitude velocity error sin 2 ({—325°)
30° + 8 lkmsec % 3.5 ém,‘wc; .77
Qo — 8 + 2.7 | — .04
150 | (o} + 3.6 - + .07
210 +- 1O + 3.9 + .77
"l = t 4.3 — .94
330 | o o 17
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The O-type stars were mainly taken from Vicioria

.-:Puéﬁmriﬂfw, 2, 316. They were divided into two

- groups according to the Harvard spectrum. To the

1927BAN. ...

Oe; group were added the stars classed as O by
PLASKETT and as 5 by miss CANNON. Both the Oe;s
stars and the Wolf-Rayet stars are very unevenly
distributed over the different longitudes so that it
was found impossible to solve both for the rotation-
effect and the solar motion. In view of the mod-
erate residual velocities it seemed fairly safe to
assume a value of 20 #m/sec for the Oes stars. The
K-correction was assumed to be negligible ; the resid-
uals seem to show however that there might exist

" a considerable positive K-term for the Oes stars.

After appliciation of the rotation term the average
residual velocity of the Oes stars is only 16 Am/sec,
thus of the same order as the average velocity of
the ordinary giants.

been arranged in order of decreasing mean parallax.
[t appears that the better determinations give evidence
that the value of »4 increases proportional with the
mean distance, as it should do if the term is inter-,
preted as a rotation. The determinations with a relat-
ive mean error of less than a third are put together
in the following table.

TABLE 3.

Type ] ™ i rA m, e

;

i
B3 —B;gs .0058 + 57 kmfsec + 1.0
Bo— B2 | 0037 + 9.3 + 1.5
bright ¢c-stars | .0028 4+ §a + 3.0
Oes 0020 + 19, + 5.
faint c-stars 0015 + 25.1 o G
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The Velocity Ellipsoid, Galactic Rotation, and the Dimensions of
Soustavy ) I 1930 the Stellar System. By Professor Bertil Lindblad.

(Communicated by the Secretaries.)

According to the theory of the stellar system developed by Oort
and the present writer, there should be a definite relation between the
coefficient 4 of the differential galactic rotation * and the ratio of the
two axes o, and o, of the velocity ellipsoid which lie in the galactic
plane. If o, is the axis which points toward the centre of the system,
the relation in question is }

% & : . . 4= w{ZI - (:—-f)z:',

where w is the angular speed of rotation around the centre of the system
at our distance from this centre. w is reckoned positive in the retro-
grade direction. The significance of this relation is twofold. Firstly,
by co-ordinating the measured quantities 4 and 22 for different groups
|
of stars we may hope to get a valuable control on the theory itself; and
secondly, we may in this way actually determine the quantity w, which
must otherwise be obtained by direct analysis of proper motions. The
mean proper motion B in galactic longitude is connected with 4 and
w through the relation

2] : ; i B =A4-w.

The value of B derived directly from the proper motions has to be
compared with the value given by (2).
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areas in the sky. This mean has to be identified with the rotation
effect, which can be written

(3) . . . . 74 cos® bsin 2(l — 1),

-

where | and b are the galactic co-ordinates, and [, is the galactic
longitude of the centre.

The sky was divided into 48 equal “ galactic ” areas according to
Charlier’s scheme. For the rotation effect only the 24 areas around
the galactic equator were used, because in this case the areas of higher
galactic latitude have very little weight, and their inclusion would
rather tend to make the material non-homogeneous. Opposite areas

-

“~
2 Y =
r \
L]

-

F1a, 1.
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will be eliminated, at the same time as the parallactic motion, as soon
as the stream is uniform enough to enter into the two areas in the same
abundance, in which case it affects the mean radial velocities of the two
regions by equal amounts but with opposite signs.

‘We get in this way our final value

4 = + o015 4 0'005 km. per sec. per parsec.
for l, = 324°. Without any assumption regarding I, we get
A = + 0'017 4 0-004, ly, = 338° & 8.

Thus the final value of 4 agrees with the value of 4 found for the
group F-K, I, separately. We remember that this group gives a
velocity ellipsoid in close agreement with the theoretical demands. In
accordance with our previous discussion, we have reasons to suppose
that the values of Z—Ef for the B and A stars may be seriously affected
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by accidental streamings, and we are therefore obliged to adopt the
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On the Dynamical Theory of Spiral Structure.

Comparison between Theory and Observation.
By

BERTIL LINDBLAD.

Introduction.

The outlines of a dynamical theory of spiral structure have been given by the author
in a number of previous papers." The present treatise is a continuation of the two papers
in the Stockholm Annals (13, No. 10 and 14, No. 1), which will be referred to below
as papers No. I and II, respectively. The general theory of mass motions in a stellar
system has recently been developed very fully by R. CovrrEz.®

The aim of the present paper is to give a summary of the theoretical developments,
with a few wmodifications which are thought to be actual improvements, and to give a
comparison between theory and observation on some points which appear to be of out-
standing importance and which have only been partly discussed in previous works. The
observational experience concerning the question of the true tilt of the equatorial planes
of nebulae has been discussed recently by Linpsrap and Braupe® and a few comments

on further evidence on this question will be given in the last paragraph.
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4 B. LINDBLAD, ON THE DYNAMICAL THEORY OF SPIRAL STRUCTURE.
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NUCLEAR EMISSION IN SPIRAL NEBULAE*
Carr K. SEyrFeERTT

ABSTRACT

Spectrograms of dispersion 37-200 A/mm have been obtained of six extragalactic nebulae with high-
excitation nuclear emission lines superposed on a normal G-type spectrum. All the stronger emission
lines from A 3727 to A 6731 found in planetaries like NGC 7027 appear in the spectra of the two brightest
spirals observed, NGC 1068 and NGC 4151.

Apparent relative intensities of the emission lines in the six spirals were reduced to true relative in-
tensities. Color temperatures of the continua of each spiral were determined for this purpose.

The observed relative intensities of the emission lines exhibit large variations from nebula to nebula.
Profiles of the emission lines show that all the lines are broadened, presumably by Doppler motion, by
amounts varying up to 8500 km /sec for the total width of the hydrogen lines in NGC 3516 and NGC 7469.
The hydrogen lines in NGC 4151 have relatively narrow cores with wide wings, 7500 km/sec in total
breadth. Similar wings are found for the Balmer lines in NGC 7469. The lines of the other ions show no
evidence of wide wings. Some of the lines exhibit strong asymmetries, usually in the sense that the violet
side of the line is stronger than the red.

In NGC 7469 the absorption K line of Ca 11 is shallow and 50 A wide, at least twice as wide as in
normal spirals.

Absorption minima are found in six of the stronger emission lines in NGC 1068, in one line in NGC
4151, and one in NGC 7469. Evidence from measures of wave length and equivalent widths suggests that
these absorption minima arise from the G-type spectra on which the emissions are superposed.

The maximum width of the Balmer emission lines seems to increase with the absolute magnitude of
the nucleus and with the ratio of the light in the nucleus to the total light of the nebula. The emission
lines in the brightest diffuse nebulae in other extragalactic objects do not appear to have wide emission
lines similar to those found in the nuclei of emission spirals.
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I. THE OBSERVATIONAL MATERIAL

The present investigation is an intensive study of six of the brightest extragalactic
nebulae showing emission bands in their nuclei (Table 1). Of these six, special emphasis
was placed on the three having the brightest nuclei, NGC 1068, 3516, and 4151, because

TABLE 1*
EMISSION SPIRALS OBSERVED

! \ | |

1950 -] | .
| | | No. oF
NGC | | { Tyre | My otal I ol SPECT. } MopuLus S

| Rﬁ | DEC | | ;
T A ‘ 2m40 1 ‘ -~ 0°14 b | 100 | 1306 | G3 | 2670 17
L B 315.6 | 41 18 E: 130 | 155 | €3 30.0 4
L ‘ 11 3.4 | +72 50 Sa | 122 | 87| G2:| 285 6
N, | 12 0.6 | 44448 Sb 1.7 | 40 | 62 | 260 | @&
T | 12 8.0 | +39 41 Sb 12 | 128 G2 | 26.0 12
e s | 23 07 l +836 | Sa | 130 | 14.3:| GO: | 298 | 2

* The total apparent photcldg:-aphjc magnitudes are from the Shapley-Ames Catalogue of Exiernal Galaxies (Harv. Ann., 88, 43,

1932). The apparent magnitudes (photographic) of the nuclei were estimated from short-exposure plates, taken in series with

selected areas. The distance moduli are new determinations derived from magnitudes of resolved stars in the arms (NGC 1068),

radial velocity (NGC 1068, 3516, 7469), or from association with recognized clusters or groups (NGC 1275, 4051, 4151). The

%lates used for determinations of nuclear magnitudes and most of the data for computing the distance moduli were supplied by
. P. Hubble. The spectral types were determined by M. L. Humason,
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TABLE 3
INTENSITIES OF EMISSION LINES IN SIX EXTRAGALACTIC NEBULAE
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| ' - | i NGC 4151 | NGC 7469 :
NGC NGC | NGC | NGC T NGC
Aerom ’ ® 1068 | 1275 | 3516 | 4051 l | 7027%
| ' | | Core Win Core+ Core Core+ | '

i . | | "8 | Wing Wing |
on]....... 3126 20 | on. | cun | | . P o 1 8
o g 3120 77f | 80t | M0 o 11 7] — 25: 48: | 1: [{ §
[Nem]......| 3869 &8 =5l P .0 A B [ T =
[gr.,] ...... : gggg.ll g ‘ ........................ M tcmit et 7
NeIl. ... ... i 5 ; . | i 15
i J s0.af | B 2 - 51 .
(S 4068.5 ] : . | " 5
[SII] ....... 40765} 20 SO iz i ...... 25 i‘,..ﬂl ] | ............ l 2

;i 4101.8 20 ([ 7 C— 20 [ 0 20 s 35: | 12
B Yoot 4340.5 40 | 50! 40t 40 351 &6} 35| 60:1 20
Oml....... 3632 | 38 | 0l ol ) Weon e W 10
CrviFerm]..| 46586 |....... Y| il e - ity ' (e e 0.9
Hem ... . 4685.8 | 40 25 i W i e 40
A™].. ... v T Tl Sl il T oo D i o 3
PARA . T R S I e 1 g T o i 7
Hi... 4861.3 | 100§ | 100 | 100 | 100 | 100 | 100, 100 | 100 | 100 | 100
[Ond....... 4959.5 | 400 80| 15| 55 | 375/...... ‘ 125 | 35 | 430
(Om]... .. 5007.6 | 1200§ | 270 | 40| 190 | 1150 |.... .’ 275 | 300 | 80 {1190
[Feva)... .. 5158 3 il Tt ot St Bl ] Mol it 2
£ i 5199 2 g e et Ul Ty e i e o 3
(Feval...... 5276.1 A e e b Bk s - M 184

L I R e Wi | -5t i B e M b

[Fevr). . 5720.9 10 B T e Ve |4
5T i 5755.0 ) b Lt i el it P Ve T 20
Win 5875 6 IR i e \ ...... 3 B e G | 35
Fe ]vni (Cav] 6085.71 o R St ey 27 U |10 L] cias | 4(5]

+ | e 4 ” | ' | |
. §3105) | 85 | 100 |. |30 ] 10 ... J 4| N —— { "
i | 63630 30 L T— 20 L . | P T 20
N 6548 4 I( 25: | 100 | R 90
T i 6362.8) | 1000 | 700 | 600 {600 | 400, 375 | iamo ............ 420
gr n%] ....... 6;83.9{ : , ‘ 50: | 200 501 it | 190

- b 6717.3 - s g If 8
S i 313} | 10 | 210 fovie TR — | 7 - - i{ o

| | |




Carl Keenan Seyfert

Nuklearni emise ve spiralnich mlhovinach, r. 1943

24860 A4959 A5007

hlm‘ %I'ldwir ‘h ‘:’ TI\#I t\ﬂ’:?ﬂ:l i\

ll-\l .

J\ by | \

H

. | [
; : o b
whfulh‘ﬂlilw ll\i IH‘.I h 'ﬂ II'.F{ 'I',l,ﬁihll.'. -‘.\ 'r‘\"‘ll"n*l.

l.l\Ji 14

F1c. 1.—Microphotometer tracings of the emission lines A\ 4860 (H ), 4959 and 5007 [0 m1] in the
nebulae NGC 1068, 3516, and 4151,
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NGC 4151

Spectrum, microphotometer tracing, and direct photographs. The spectrum is an enlargement from a 325™ exposure taken
with the one-prism Cassegrain spectrograph and 10-inch camera at the 60-inch reflector. The photographs (enlargements
from a plate taken with the 100-inch reflector) show the weak, amorphous arms on the left and the semistellar nucleus on the
right,
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REPORTS ON THE PROGRESS OF ASTRONOMY
THE GALACTIC SYSTEM AS ‘A SPIRAL NEBULA

1. Introduction.—The view that the Galaxy might have a spiral structure
has been expressed almost since the first discoveries of spiral structure in nebulae.
The oldest explicit reference to this seems to be in a paper by Stephen Alexander
(x). Both he and Proctor (2), seventeen years later, tried to find support
for their spiral theory and to construct to some extent the galactic spiral from
the appearance of the Milky Way as inferred mainly from the observations of the
Herschels*. In 1900, and more completely again in 1913, Easton (3), apparently
quite independently and unaware of these earlier suggestions, made a .very
careful study of the Milky Way as shown by visual and photographic observations,
especially with a view to delineating the course of the possible spiral arms of the
Galactic System; he placed the centre of the spiral in the direction of Cygnus.

Later developments have made it clear that this representation can hardly
resemble the real structure of the Galaxy, the main cause of its failure and of the
failure of all attempts to find spiral-like structure being the strong and uneven
absorption near the galactic plane; for there is little doubt that many of the
features of the apparent Milky Way structure are determined rather by the
distribution of absorbing material than by that of the stars.
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ionized hydrogen becomes appreciable. With decimetre waves the most distant
parts of the Galaxy can be explored. Observations in the decimetre continuum
can only give the integrated radiation over the line of sight. The 21-cm line
gives discrimination in distance. But although the 21-cm observations give
discrimination in distance they cannot by themselves provide actual distances.
The distance distribution in a given direction can only be inferred from radial
velocities. For this we have to suppose that in each part of the Galactic System
the average motion of the gas coincides with the circular velocity at the corres-
ponding distance from the centre. Observations of stellar motions indicate that
this condition is probably fulfilled to a fair approximation in the neighbourhood
of the Sun. It seems plausible to assume that it holds as well for other parts
of the Galactic System. But the possibility of deviations must certainly be
kept in mind. The 21-cm observations themselves have given clear evidence
of systematic div&rgﬁnce from circular motion in some fairly large regions.
- Moreover, it is certain that the hypothesis is no longer correct in the nuclear
part. Within about 3 kpc from the centre the radio observations show that the
large-scale motion of the gas deviates greatly from circular motion. We shall

return to this below.
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For the regions situated farther from the centre than the Sun the rotational
velocities cannot be determined from radio observations. Here we must rely
on values computed from the mass densities in these outer parts, the distribution
of mass density being inferred from the star density. For R>R;+2 kpc
the densities become very uncertain and this affects the calculated rotation curve.
The resulting systematic uncertainty in the distances may be 10 per cent.

The rotation curve, as derived by M. Schmidt (%) from all available data,
is shown in Fig. 2 (full-drawn curve). For the part within R=8-2 kpc it is
based on 21-cm data discussed by Kwee, Muller and Westerhout (8). These
referred to the quadrant from 328° to 58° longitude and are shown as dots. Data
for the quadrant at the other side of the centre, measured by Kerr and Hindman,
are shown as crosses. Taking into account that in the southern longitudes the
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F16. 4—Distribution of neutral hydrogen in the Galactic System. The maximum densities in
the z-direction are projected on the galactic plane, and contours are drawn through the
poinis.
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ON THE SPIRAL STRUCTURE OF DISK GALAXIES
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Department of Mathematics, Massachusetts Institute of Technology
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ABSTRACT

It is shown that gravitational instability is a plausible basis for the formation of the spiral pattern in
disk galaxies An explicit asymptotic formula is obtained for the form of the spiral. It gives reasonable
numerical results for the galaxy, and qualitatively satisfactory trends for normal spirals of various types.

I, INTRODUCTION

The mechanism for the formation of the spiral patterns observed in most disk-shaped
galaxies has not yet been fully understood. There is little doubt, from the observational
data available, that these magnificent manifestations are associated with the interstellar
gas and the brilliant young stars born in them. But could the old stars also play an im-
portant role in the formation of the spiral structure?

To construct a theory of the spiral structure, one must bear in mind the following
important components of a galaxy:

a) The stars—with their gravitational forces, circular velocity, and velocity dispersion

b) The interstellar gas—with its gravitational field and pressure

¢) The magnetic field—which exerts its influence through the highly conducting inter-
stellar gas.

A complete theory should take all these components and forces into account, and put
their relative importance into perspective. Such a theory is not yet available.

There are at least two possible types of spiral theories. The first alternative is to as-
sociate every spiral arm with a given body of maller; e.g., such an arm might essentially
be a tube of gas primarily constrained by the interstellar magnetic field. The difficulty
with the disrupting influence of differential rotation in such a theory is well known. The
various issues associated with this point of view have been thoroughly discussed recently
by Oort (1962). The second alternative is to regard the spiral structure as a wave pattern,
which either remains stationary, or at least quasi-stationary, in a frame of reference
rotating around the center of the galaxy at a proper angular speed (possibly zero).
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that leads to the distortion of acoustic waves. In that case, a density decrease in the
direction of wave propagation tends to be accentuated into a compression shock, whereas
a density decrease would tend to be smoothed out by the motion of the fluid. Thus, it is
conceivable that only trailing waves are stable in the presence of non-linear effects.

In the case of axisymmetrical disturbances, n» = 0, the formula (12) reduces to one
already obtained by Toomre (1964) for a local wavenumber in terms of an assumed fre-
quency. The present asymptotic approach can also yield the slowly varying amplitude
distribution over the disk, which is not available from the local theory. The importance
of this approximate analysis over the whole disk will be seen in Section IV.

The present study shows that non-axisymmetrical disturbances can propagate around
the disk without change of shape even in the presence of differential rotation. Indeed, for
the range r; < r < r; in which expression (13) applies, the geometrical form of the spiral
pattern is found from equations (7) and (12) to be given by

n(0—00) = — [ (20Gu) [ &+ 0+ (w,— nQ)*1d7. 19

The end points of this range, r = r, and r,, correspond to the points of local gravitational
resonance in the neutral case (cf. Sec. IV). As a typical example, if we refer to the density
data given by Schmidt (1956) and the velocity data given by P. O. Lindblad (1960,
Table 2) on the basis of Schmidt’s model, and take w, = 20 km/sec kpc and w; = 50
km/sec kpc (which is somewhat less than the value of « at 5 kpc from galactic center),
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Since we are working with a cylindrical coordinate system, the convenient form for the basic
equation is
0% , 1d¢ , 3% , 1 0?
aafhp L TR BTG

3 373 r By | et fﬂw—u—ﬁlw@a(r,ﬂ)ﬁ(z). (A1)

In other words, we look for solutions of Poisson’s equation for 2 > 0 and for z < 0 such that,
at 2 = 0, there is a discontinuity in ¢, given by

[g_t:’]=¢'z{r:ﬂiﬂ+)_ﬁbz(f:ﬂr{)_')m""47"(;'7(?:9)- (A2)

Since the problem is linear, we may consider the individual harmonic components in
og=o,(r)cosnb , ¢=F,(r,z)cosnb (A3)
and obtain the general solution by superposition. We thus have the partial differential equation

a? 1ab, , 0%F, n'F,

F 1
b - — .
ar2+r ar+azi e drGon(r)d(2) (A4)
to be solved under the condition
[aFn] = — 411»6,5“ - AS)
a2z
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A SPECTRAL CLASSIFICATION OF GALAXIES*
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Yerkes Observatory, University of Chicago
AND
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Lick Observatory, University of California

I. INTRODUCTION

There is at least one advantage in a classification of galaxies
based on their spectra: the absorption and emission features, de-
spite their composite nature, contain significant information bear-
ing on the stellar populations of the systems. Such a classification,
however, should be regarded as complementary to the classical
Hubble sequence based on form and degree of resolution. The
reason is that the spectral characteristics considered here seem to
correlate rather well with the appearance of spiral structure and
central concentration, which are two properties of galaxies that
show progressive changes in Hubble’s scheme. Thus the classifi-
cation proposed here will incorporate additional information that
did not, in general, enter into Hubble’s assignments of nebular

types.
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reflector, and with the Cassegrain spectrograph of the 82-inch
McDonald reflector.

II. GENERAL CHARACTERISTICS OF THE SPECTRA
OF GALAZXIES

In the case of spectroscopically composite systems such as
galaxies it is to be expected that the spectral types deduced will
depend upon the wavelength region observed; if a mixture of
early- and late-type stars is present, the integrated spectral type
will tend to become progressively earlier on passing toward re-
gions of shorter wavelength. Moreover, the features observed in
any one spectral region may indicate a considerable range in type
for the contributing stars. We shall first review briefly some as-
pects of the spectral classification system of Humason.?

Humason's Spectral Classification System

For galaxies having absorption-line spectra, Humason esti-
mated spectral types by comparison with standard spectrograms
of M 32 (NGC221), for which Adams, Joy, and Humason had
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Criteria for a Spectroscopic Classification of Galaxies

With the great improvements made in recent years in instru-
mentation and photographic emulsions, it now seems worth while
to attempt a more precise spectroscopic classification of the inte-
grated spectra of galaxies. This classification system has the fol-
lowing four properties:

1. Tt refers in general to two principal parts of a galaxy:
(a) The system as a whole when there is little or no central con-
centration, and (b) the nuclear region when it dominates the sys-
tem. In the first case, if there is any appreciable variation over the
system, the spectral type corresponds to a weighted-mean sample
of the main contributors to the total light.

2. A narrow interval in wavelength is used to obtain the spec-
tral classification ; in the present investigation it is that between
A 3850 and 44100. For a complete description of the composite
spectrum of a galaxy, a spectral classification should be made for
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would give an integrated spectrum similar to the one observed
for the nuclear region of the Andromeda Nebula. This is illus-
trated by the vertical lines in Figure 1, where the areas covered
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Fi1c. 1.—Hypothetical H-R diagram for the principal contributors to
the light of the inner part of M 31 (vertical lines) and of NGC 4449 (hori-
zontal lines). The plot for NGC 4449 is less complete than that for M 31,
since spectra in the yellow and red regions were not available,



