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SIR ARTHUR EDDINGTON

Der Entdecker der atomaren Zerstrablung der Sterne in Licht

Arthur Stanley Eddington war einer der wenigen Menschen, die
eine gefithlsmaBige Einsicht in die tiefen Probleme der Natur haben.
Er war ein unvergleichlicher Pionier der Astrophysik wihrend
der ersten Halfte des zwanzigsten Jahrhunderts.

Die Bewegung der Stetne, ihr innerer Aufbau, die Bedeu-
tung des Strahlungsdruckes, die Natur der weien Zwerge,
die Dynamik det pulsierenden Sterne, der physikalische Zustand
derinterstellaren Materie! - iiber alle diese Probleme haben seine
Untersuchungen zwischen 1906 und 1944 der Forschung neue Ge-
sichtspunkte erschlossen. Uberdies trug er neue Ideen zur Relativi-
tits- und Quantentheorie bei und stellte Beziehungen zwischen
allen wichtigen Naturkonstanten auf.

Eddington wurde am 28. Dezember 1882 in Kendal in Nordengland
geboren. Sein Vater war Ditektor der Stramongate Schule, einet
Quikerschule, deren Leiter einhundert Jahte vorher Jorn DALTON
gewesen war. Drei Generationen hindurch war seines Vaters Familie
im Sidwesten Englands Mitglied der ,»Society of Friends®, wihrend
miitterlicherseits die Quikertradition bis ins siebzehnte Jahrhundert
zuriickgeht. Im Jahre 1884 starb sein Vater an einem typhusartigen
Fieber, und die Witwe zog mit ihrer Tochter und ihrem kleinen Sohn
nach Somerset. Wihrend dieser Zeit besuchte Eddington die Bryn-
melyn Schule in Weston-super-Mare; dann bekam er ein Grafschafts-
stipendium am Owens College in Manchester und 1902 ein Anfinger-
stipendium am Trinity College, Cambridge.

1 3 s . 2,
Unter interstellarer Materie verstcht man sehr diinn verteilte Materie im Raum zwischen den Fixsternen,

bestehend aus staub- und gasormiger Materie, die teilweise fonisiert ist; hiufigste Elemente: Wasserstoff,
Natrium, Kalium und Kalzium.
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Nachdem er die Grundlagen der Physik und Mathematik in Man-
chester erhalten hatte, folgten zwei Jahre intensiven Studiums der
Mathematik in Cambridge. Bei dem AbschluBexamen, der ,,Mathe-
matical-Tripos““-Priifung, errang er den hohen Grad eines ,,Senior
Wrangler*.

Zwei Jahte spiter wurde Eddington zum Hauptassistenten an der
Greenwicher Sternwarte ernannt, wo er von 1906 bis 1913 blieb. Hier
bekam er groBe Ubung in astronomischen Beobachtungen. Im Jahre
1909 wurde er beauftragt, die geographische Linge der geoditischen
Station auf der Insel Malta zu bestimmen; 1912 unternahm er eine
Sonnenfinsternisexpedition nach Brasilien. Sein erstes theoretisches
Werk handelte iiber die Systematik der Sternbewegungen. Mit dieser
Arbeit sind die Namen KarrEYN, ScHwARZSCHILD und EpDINGTON
verkettet. Im Jahre 1904 hatte KAPTEYN eine statistische Untersuchung
tiber Sternbewegungen gemacht und dabei gefunden, da3 zwei Rich-
tungen relativ zu unserem Sonnensystem bevorzugt wurden. Zutr
Esklirung dieser Erscheinung entwickelte Eddington die Zweistern-
sttom-Theorie? und ScawArzscHILD schlug die Ellipsoidhypo-
these {iber Sternbewegungen vor. Beim Vergleich beider Theorien
schrieb Eddington 1917 folgendes:

wDer scheinbare Widerspruch gwischen der Zweistrom- und der Ellipsoid-
theorie verschwindet, wenn wir uns daran erinnern, daf der Zweck beider die
Beschreibung des Vorgangs ist. Wihrend die Zweistromtheorie ifter bei ein-

fachen Erforschungen der Eigenbewegungen ur Ableitung einer additiven

Konstanten in der Formel bevorzugt wird, da sie eine etwas griffere Bewegungs-
Jreibeit hat, ist die Anwendung der Ellipsoidtheorie bei der Erdrterung der
Radialgeschwindigkeiten und der  dynamischen Theorie von Sternsystemen
Ghinstiger.*

Eddingtons zwei bemerkenswerte, statistische Untersuchungen der
Eigenbewegungen bestitigen im vollen Umfang das Vorhandensein
der zwei Sternstréme und ermittelten ihre Bewegungsrichtung und ihre
relativen Anzahlen3. Dies veranlaBte ihn, sich mit weiteren solcher Pro-

* Eddington fand, daB sich die beobachteten Sternbewegungen durch zwei sich durchdringende Stern-
stréme erkliren lassen. Die Bewegungsrichtung des Stromes I weist auf das Sternbild des Hasen, die Be-

wegungsrichtung des Stromes II auf das Sternbild des Pfaus.
3 Das Verhiltnis der Anzahl der Sterne des Stromes I zu denen des Stromes II; dies Verhiltnis ist etwa 3:2.
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bleme zu beschifti
Spektralklasse 3

erst
U”i;f:;e?;tizr;i:eg;th: = z‘e//ar. Movements and the §. iructare of the
aie gen und die Struktur des Weltalls, 19
enthilt die Kenntnisse tiber die K ie sei b
. : e osmologie seiner Zeit; Eddington
duBert s1f:h darin kithn iiber die Moglichkeit, daB unser Mﬂchsmggt
system ein Spiralnebel sei, und bringt manche herausfordernden P:)l.
l];lefmlc x‘ror, die auf eine Losung warteten, Das Buch hatte groBex;
Plz t(; i I;;r}i;;ogisizddirzsetr:ka. Ec.idi;gton hat sich éadurch einen
et : onc?m.lsc en Fo.rsche.r gesichert. Als die
Fofessur fiir Astronomie in Cambridge im Jahre 1913 frei
\lzurde, crl?lelt er diese, und im folgenden Jahr wurde er Mitglied der
oyal Society.
Der zweite Abschnitt in Eddingtons Lebenswerk begann 1916, alser
bekanntgab, daB bei der Gleichung fiir das Gleichgewicht der Stetne
neben derGravitation und dem Gasdruck eine dritte GréBe, der Strah-
lungsdruck, berticksichtigt werden miiBte. Der auswirtsgerichtete
Strom der Strahlungsenergie (Wirme, Licht und kiirzere Strahlung)
hilft, das Gewicht der Sternatmosphiire tragen. Mehr als zehn Jahte fri-
her hatte schon R. A. Sampson in England auf die Bedeutung des Strah-
lungsdruckes hingewiesen, und spiter hatScuwaRrzscuiLp in Deutsch-
land eine Theorie iiber das Strahlungsgleichgewicht in hohen Schichten
der Sternatmosphiren aufgestellt; aber erst Eddington dehnte diese
Theorie auf das Innere der Sterne aus. LANE, RrrrER und EMDEN hatten
konvektives, d. h. auf der Sternbewegung beruhendes Gleichgewicht
angenommen; Eddington fiihrte das Strahlungsgleichgewicht ein, und
seine Gleichung (H = —ac/3 kp dT*/dr) ist heute allgemein im Ge-
brauch. Er nahm an, daB die Materie in Riesensternen (acht Jahre
spiter zeigte er, daB dies gleichfalls fiir normale Zwergsterne anwend-
bar ist) nahezu ein ideales Gas sei, und er wandte EmpEns Gleichung
fur polytrope Kugeln mit dem Index n =3 an. Dies ist jetzt als das
Eddingtonsche Sternmodell bekannt.
Die Tatsache, daf in Sternen hoch ionisierte Materie vorhanden ist,
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wurde von anderen erkannt; aber Eddington war der erste, der diese
Erkenntnis in die Theorie einfiihrte und zeigte,dal3 bei hoher Ionisation
alle Elemente, mit Ausnahme des Wasserstoffs, ein mittleres Molekular-
gewicht von nahezu 2 besitzen. Er fand eine Beziehung zwischen der
Masse, der Leuchtkraft und dem Absorptionsvermégen (Opazitit) gas-
formiger Sterne.

1923 begann er seine Theorie des Absorptionskoeffizienten zu ent-
wickeln, seinerzeit streng kritisiert, weil er annahm, daB3 die Haupt-
quelle der Opazitit, der Undurchlissigkeit der Sternmaterie die
Wechselwirkung zwischen Strahlung und Materie ist. Als KRAMERS
Theorie der Absorptionskoeffizienten bekannt wurde, benutzte Ed-
dington sie fiir das Sternproblem und fand sein wichtiges Masse-
Leuchtkraft-Gesetz. Es wurde 1924 veréffentlicht und ist durch
die Beobachtungen bestitigt worden. Heute wird es allgemein bei
astronomischen Untersuchungen angewandt.

Diese Arbeit tiberzeugte Eddington, daB alle Riesen- und normalen
Zwergsterne nur aus Gas bestehen; da der Wirkungsquerschnitt eines
ionisierten Atoms klein ist, kommen Abweichungen vom Zustand des
idealen Gases nicht vor, es sei denn, daB Dichten erreicht werden, die
wesentlich hoher als die der irdischen Substanzen sind. Er schlof, da3
bei der Sternmaterie solche auBergewéhnlich hohen Dichten méglich
sind, und folgerte, daB dies die Erklirung fiir die weilen Zwerge
sein konnte, deren ungewohnlich hohe Dichte bestimmt worden war,
aber noch nicht als echt angesehen wurde. Er schrieb W. S. Apawms auf
den Mt. Wilson und bat ihn, die Rotverschiebung im Spektrum des
Sirius-Begleiters zu messen und festzustellen, ob der Relativititseffekt
vorhanden sei. Adams berichtete von einer Verschiebung der Spektral-
linien, die mit den von Eddington vorausberechneten iibereinstimmten.

Diese liberdichte Sternmaterie rief groBes Interesse bei den Physikern
hetvor, und R. H. FowLER zeigte, daBB bei diesem ,,degenerierten
Zustand der Materie die klassische Statistik versagt und daB man die
FerMr-Diracsche Statistik anwenden muB. Als eine Folge der Masse-
Leuchtkraft-Beziehung fand Eddington, daB, wenn die vorhandene
Reihe der Sternenentwicklung (HErTZsPRUNG-RusseLL-Theorie) auf-
rechterhalten werden soll, sich der groBte Teil der Masse eines Sterns

253




AV :
- DouGras: Sir ARTHUR EpbpiNngron

terie in Strahlung durch Vernicht
tonen. Diese Hypothese scheint zuet:
schlagen worden zu sein. Sieben Jaht
trotz zahlreicher Kritiken, den allgem

ji:ilejc: Sternenergieatomarer Natur sei. Nach1924 etkanatey
Stronomen die Elektron-Proton-Verni
- htungshypothese a0
aber 1934 drang Eddin e Hypine ol S
gton darauf, diese Hypothese aufz

: 2 eben, d

n‘ach der Entdeckung des Positrons¢ die gegenseitigeVemichgtung vo:

elr'l‘en; Elektron und einem Positron sowohl eine logisch besser he-
grundete Annahme, wie auch eine Beobachtungstatsache war,

1926 versffentlichte Eddington sein bemerkenswertes Buch Slnter-

”a/ Cﬂ”flllﬂlla” D_flbe nS‘t
ars ) d_‘.e dCutSChc ALIS abe .D T innere 14” bﬂ“
g s 334/€ f

i » erschien im folgt:nden Jaht. Es ist auch heute noch ein
achschlagewerk von unschitzbarem Wert fiir alle mathematischen
Untersuchungen iiber die Probleme der Physik der Stetne. Zusitzlich
Zl.'l den schon erwihnten Gegenstinden enthielt das Buch Eddingtons
frithere Arbeiten iiber mehrere andere spezielle Probleme.

1918 und 1919 erschienen zwei sehr griindliche Arbeiten von Edding-
tc?n ﬁ]?er die mathematische Theorie der pulsierendenSterne.
Sie stimmten gut mit den beobachteten Eigenschaften der Cepheiden-
Ver.ﬁnderh'chen tiberein, besonders was die berechnete Pulsations-
pen‘ode betraf; der Hauptwiderspruch mit det Erfahrung war die
Beziehung zwischen den Phasen der Lichtkurve und der Geschwindig-

ung von Elektronen und py.
st 1917 von Eddington Vorge-
c.lang verteidigte er in England
etnen Gedanken, daB die Haupt:

i g
mneul?ll:dA;omI:lcr:c.sctzen sich zusammen aus den mit einer positiven Elementarladung verschenen Pro-
— en elel t.nsch ncutfalcn' Neutronen; dabei ist die Zahl der Protonen gleich der Ordnungszahl

es Atoms und bestimmt damit sein chemisches Verhalten. El mit gleicher Protonenzahl abet ver-
schlcde:.ler thjltroncnzahl heiBen Isotope. Zum vollstindigen Atom gehdren auBer dem Ker, der im
Wcscxitllchen die Masse des Atoms bestimmt, noch die den Kern umgebenden Elektronen. Diese haben nut
etwa /1450 der Masse eines Protons. Jedes Elektron besitzt eine negative Elementarladung. Ein neutrales

Atom .cuthilt ebenso viele Elektronen wie Protonen.

Beim ‘Aufprall von Strahlung auf Materie konnen Elektronen von den Atomen abgespalten werdea.

Atome, die Elektronen verloren haben, nennt man Ionen.

Zum Elektron gibt es cin Gegenstiick von gleicher Masse, aber mit einer positiven Elemeatarladuog
versehen: das Positron. Das Positron ht bei gewi K dI und dem Zerfall

von Strahlungsquanten hoher Energie. Wihrend das Elektron stabil ist, hat das Positron nur eine geringe
Lebensdauer.
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Keitskurve. Diese Schwierigkeit wurde zum groBten Teil 1941 dadurch
iiberwunden, daB er den Einflull des Tonisationsgleichgewichts in der
Konvektionszone® des Sterns beriicksichtigte. Aber in den ersten
Stadien gab ihm diese Untersuchung die Stabilititsbedingung fiir
diese Sterne, und seine SchluBfolgerungen, obgleich anfangs noch
heftig bestritten, fanden ihre Bestitigung durch Hrcm. Voer und
James Jeans. 1931 erweiterte Eddington seine Untersuchungen der
Grenzen der Zentraltemperaturen und der Sterndichten. Im folgenden
Jahr erkannten er und RosSELAND unabhingig voneinander, dafl die
kosmische Haufigkeit von Wasserstoff bei weitem die Hiufigkeit aller
anderen Elemente iibertreffen muB.

Einen bedeutenden Beitrag zur Astrophysik gab Eddington mit sei-
ner Theorie der Bildung von Absorptionslinien im Spektrum der Stern-
atmosphiren. Sie war eine Ausdehnung der Arbeiten von SCHUSTER
und ScwArzscuiLp. Deren Methoden paBte er vielen Problemen bei
der Bildung von Absorptionslinien an, so daB die Methode weitgehend
fiir dieDeutung der beobachteten Linienintensititen ausgenutzt wutde.
Als Bowen 1927 die Hauptlinien einiger diffuser Nebel mit ,,verbote-
nen Ubergiingen® in ionisierten Stickstoff- und Sauerstoffatomen identi-
fizierte, lieferte Eddington die theoretische Erklirung einer solchen
Emission.

Er war der erste, der eine theoretische Studie iiber die Eigenschaften
der interstellaren Materie durchfiihrte, wobei et eine durchschnittliche
Dichte von 1024 und eine Temperatur (gemessen an der mittleren Ge-
schwindigkeit der Atome) von 10000° fand. Er zeigte, daf die Calzium-
atome zweifach ionisiert sein miiten und daB unter 800 Atomen
etwa 1 Atom einfach ionisiert sein miiBte. Er schloB, daBl die soge-
nannten ,,ruhenden Calziumlinien® in Sternspektren durch die Ab-

sorption des Lichtes auf dem ganzen Wege vom Stern bis zur Erde
gebildet werden, so daB die Intensitit dieser Linien ein rohes MaB fiir
die Sternentfernung sein sollte. Diese Entfernungs-Intensitits-Be-
ziehung wurde von O. STRUVE und J. S. PLASKETT bestitigt.

'. Energie kann erstens durch Strahlung und zweitens durch Konvektion (Bewegung der Materie) trans-
portiert werden. In den Sternatmosphiren gibt es gewisse Schichten, in denen Energie durch Konvektion
transportiert witd, Diese Schichten bezeichnet man mit Konvektionszonen.
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Eddingtons einziges populires Buch iiber seine astrophysikalischen
Untersuchungen war ,,S%ars and Atoms (1927), das spiter ins Hollin-
dische, Franzésische, Deutsche, Spanische, Italienische, Japanische,
Dinische, Tschechische, Finnische und Polnische ibersetzt wurde.
Mit charmanter Unbekiimmertheit und in einem hochstehenden, lite-
rarischen Stil gab er dem Durchschnittsleser ein aufregendes Gefiihl
fiir die spannungsreichen, wissenschaftlichen Entdeckungen und fiir
die Freude des Naturforschers bei seinen nie endenden Fragen nach
den wahren Antworten auf die Probleme der Natur.

Von 1914 bis 1944 erfiillte Eddington seine Pflichten als Professor
der Astronomie und Direktor der Sternwarte in Cambridge, und er
spielte eine aktive Rolle in der Royal Society, der Physical Society und
der Royal Astronomical Society, der Britischen Assoziation zur Férde-
rung der Wissenschaft, der Internationalen Astronomischen Union
und der Society of Friends. Freundlich ging er auf Einladungen zu
offentlichen Vortrigen ein; er reiste zu wissenschaftlichen Versamm-
lungen durch Europa, Amerika, Afrika, Stidasien und Indien. Edding-
ton schrieb 12 Biicher und mehr als 114 wissenschaftliche Veroffent-
lichungen.

In der Wertschitzung durch die meisten seiner Kollegen in vielen
Lindern bilden seine ungeheuer wichtigen und fundamentalen Bei-
trige zum Fortschritt der Astrophysik seine grofte Leistung; aber in
der gleichen Periode wirkte er auch auf dem neuen Gebiet der All-
gemeinen Relativititstheorie. Er wurde der erste und groBte
Ausdeuter der Einsteinschen Theoriein der englisch sprechen-
den Welt; er gab ganz bestimmte Beitrige zur Entwicklung dieser
Theotie, und in seinen spiteren Jahren suchte er unverdrossen, die
Verbindung seiner eigenen Weiterverarbeitung der Diracschen Ent-
wicklung der Quantentheorie mit den kosmologischen Folgerungen
aus der Theorie des expandierenden Weltalls herzustellen. Einem
s»Bericht diber die Relativititstheorie der Gravitation', der 1915 von der
Physikalischen Gesellschaft in London verdffentlicht wurde, folgte
1920 die weniger strenge Ausarbeitung ,,Space, Time and Gravitation*
(Raum, Zeit und Gravitation). Deutsche, franzdsische und spanische
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Ausgaben wurden ebenfalls verffentlicht. 1923 e.rschicn sei-n? ; .,Maf'be-
matical Theory of Relativity* (Mathematische T /)eorzfz der Relativitit )1 t e;r%c
glinzende Arbeit, die EmnstEIN am Ende seines Lebens a ¥ ie
schénste Darstellung dieses tiefsinnigen Gegenstandes ansah. Dieses
Buch wurde sowohl ins Deutsche wie ins Russische tibersetzt. Es ent-
hilt zahlreiche originale Entwicklungen, die mit der logischen Dat-
stellung von Einsteins Theorie zu einem einheitlichen Ganzen Yer-
einigt sind. Eine besondere Entwicklung war eine Verallg'cmfame-
rung von WEeyLs Theorie der elektromagnetischen- und Gravltatlons.-
felder, und verbunden mit diesem war seine Erklirung des Gravi-
tationsgesetzes (G, = Ag,,). Dies bedeutet, da8 der Krﬁmmung.s-
radius des Raum-Zeit-Kontinuums in irgendeinem Punkt und in
irgendeiner Richtung eine Konstante ist. Eddington zeigte, daB dies
die folgende Tatsache einschlieBt: unsere praktische Lingeneinheit
ist in jedem Punkt und in jeder Richtung ein bestimmter Bruchteil des
Krimmungsradius fiir diesen Punkt und diese Richtung; also: das
Gravitationsgesetz ist einfach der Ausdruck fiir die Tatsache, daB3 der
Weltkriimmungsradius iiberall die Standardlinge liefert, mit der
unsere Lingenmessungen verglichen werden. Diese Arbeit fiihrte ihn
Spater zu seiner theoretischen Bestimmung der kosmischen Kon-
stante A Indem er das Prinzip zugrundelegte, dafBl die Wellenglei-
chung, welche die linearen Dimensionen eines Atoms bestimmt, not-
wendigerweise diese linearen Dimensionen in dem Standardwelt-
radius ausdriicken muB, fand er einen Wert fiir ausgedriickt in den
Atomkonstanten, die in der gewohnlichen Form der Wellengleichung
auftreten,

Eddington fithrte eine der beiden britischen Expeditionen, die Auf-
nahmen der Hyadensterne als Hintergrund fiir die total verfinsterte
Sonne vom 29, Mai 1919 machten. Diese erbrachten die erste Bestati-
gung fiir die Ablenkung des Sternlichtes beim Durchgang
durchein starkes Schwerefeld. Emstemn gratulierte Eddington
zu dem Ergebnis und betonte die Wichtigkeit der weiteren Priifung
der Relativititstheorie,

1954 sagte Einstein von Eddj

ngton, daf3 , er einer der ersten war, der
etkannte, daB das Feld der Vers

chiebung von Vektoren der fundamen-
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talste Begriff der Allgemeinen Relativititstheorie ist,denndieser Begriff
erlaubt es uns, ohne das Interialsystem auszukommen.* Eddingtons
Entschlossenheit, die Quantentheorie und die Relativititstheorie mit-
einander zu verkniipfen und die unbedingt nétigen Naturkonstanten
aus erkenntnistheoretischen Anfingen zu gewinnen, sowohl die ato-
maren wie die kosmologischen, fithrte ihn dazu, seine philosophischen
und mathematischen Fortschritte in drei Biichern niederzulegen: ,,7/he
Nature of the Physical World* (1928) ( Die Natur der Physikalischen Welt),
»INew Pathways in Science (1935) (INewe Wege der Naturwissenschaft),
2 The philosophy of Physical Science* (1939) ( Die Philosophie der Physik).
Von dem ersten dieser Biicher wurden 64000 Exemplare der englischen
Ausgabe verkauft; es wurde in 9 Sprachen iibersetzt. Ein kleines Buch
s The Expanding Universe” (1933) ( Das excpandierende Weltall) zeigte, an
welcher Stelle er von LEmaITREs Kosmologie abwich, wie er DirAcs
Spins-Theorie ausdehnte und wie er, von grundlegenden Prinzipien
ausgehend, die Feinstrukturkonstante 137 und den Packungsfaktor
vom Helium (136/137) fand.

Seine Theorie fithrte ihn zu einer quadratischen Gleichung, deren
Waurzeln das Verhiltnis der Massen des Elektrons zum Proton als
1 zu 1847.60 ergaben. Sein Buch ,, Relativity Theory of Protons and Elec-
trons* (1936) (Relativititstheorie der Protonen und Elektronen) griindete
sich fast vollig auf die Spinausdehnung der Relativititstheorie. Er ging
weiter bis zu einer statistischen Ausweitung der Theotie. Die Schwie-
rigkeiten waren ungeheuer. Seine Intuition fithrte ihn fort mit Spriin-
gen und Haken zu Gebieten, in die ihm seine Kollegen nicht folgen
mochten. Die Kritik war heftig, und starker Unglaube begegnete ihm.
Aber Eddington blieb iiberzeugt, daB8 die Unklarheiten nur zeit-
weilig waren und daB die Hauptidee seiner fundamentalen Theorie
von groBer Bedeutung war. Indem er die Anzahl der Protonen und
Elektronen im Universum mit der Anzahl der unabhingigen Qua-
drupelwellenfunktionen in einem Punkt identifizierte, wertete er diese
zu § % 136 x 225¢ aus. Dies ist von der GroBenordnung 1079, die zu-
sammen mit 137 die Eddingtonschen Zahlen genannt werden

¢ Die Drehung eines Elektrons im Atom um seine eigene Achse.
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konnen. Er rechnete auch Werte fiir die Gravitationskonstante, die
Plancksche Konstante, die Ladung des Elektrons und 24 andere physi-
kalische Konstanten aus.

+Das unvollendete Manuskript dieses mutigen Versuchs einer
groBen Synthese lag auf seinem Schreibtisch, als er nach einer schweren
Operationam 22. November 1944 starb. Trotz mancher unvollendeten
Teile wurde das Manuskript spiter als ,, Fandamental Theory™ (1946)
(Fundamentale Theorie) veroffentlicht.

Eddington war ein Mensch von tiefer religiéser Uberzeugung. Er
ging mit aufrichtiger Einfachheit und mit einem mystischen Gefiihl
fiir ihre tiefe Bedeutung an die Dinge heran. In seinem Buch ,,Science
and the Unseen World“ (1926) (Die Naturwissenschaft und die unsichtbare
Welt) schtieb et: ,,Man wird den wabren Geist weder der Wissenschaft noch
der Religion verstehen, es sei denn, man suche ibn im Vordergrund aller Dinge.

Seine Beitrige zur Philosophie lagen hauptsichlich in seiner klaren
Erkenntnis, daBl der menschliche Geist in der AuBenwelt solche cha-
rakteristischen Merkmale sucht, die in bestimmte Formen hineinpassen,
und daBl das Wissen des Menschen iiber die physikalische Welt ein
Wissen iiber seine Struktur bleibt.

Eddingtons GroBe beruht nicht auf dem Urteil unserer Generation
iber den Wert seiner letzten Arbeit, die voll von Kiinstelei, Schatfsinn
und beunruhigendem Dunkel ist. Die Zukunft wird vielleicht zeigen,
daB in seiner fundamentalen Theotie Gedanken von hohem und blei-
bendem Wert verborgen sind, die ihn unter die Olympier der Natuz-
philosophen versetzen. Aber als Astronom und Astrophysiker steht
dieser noble Quiker-Gelehrte als einer der ,,Uberriesen® da. Seine
Theorien und Entdeckungen machten die erste Hilfte dieses Jahrhun-
derts zu einer Ara eines uniibertroffenen geistigen Abenteuers.

(Aus dem Englischen iibersetzs)

LrreraTUR: Nachruf H. Spencer-Jones, E. T. Whittaker, in: Monthly Notices
of the Royal Astronomical Society, 105 (1945).
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Albert Schweitzer

Romano Guardini

Das Reihenwerk ,,Gestalter unserer Zeit* will die zeitprigenden

Personlichkeiten unserer europiischen Gegenwart sichtbar machen,

Im Herbst 1954 erschienen die beiden ersten Binde:

DENKER UND DEUTER IM HEUTIGEN EUROPA

Zwei Binde - 360 und 320 Seiten - Je 24 Abbildungen
Jeder Band in sich abgeschlossen und einzeln kéuflich
Gangleinen je 15,80 DM

Sie stellen die bedeutendsten Kulturpersonlichkeiten, Schriftsteller
und Kulturkritiker heraus. Einleitende Linderkapitel geben jeweils
einen Querschnitt durch die gegenwirtige geistige Situation in
diesem Land. Dann folgen die Kurzbiographien, von Literatus-
wissenschaftlern und Schriftstellern abgefaB3t, die sich in der Intet-
pretation dieser Personlichkeiten schon einen Namen machten. Jeder
Biographie ist eine Sammlung besonders charakteristischer Text-

zitate aus dem Werk der dargestellten Personlichkeit beigefiigt.

Zwei weitere Binde erschienen im Herbst 1955:

FORSCHER UND WISSENSCHAFTLER
IM HEUTIGEN EUROPA

Zwei Bénde - Je 360 Seiten mit 32 Abbildungen
Jeder Band in sich abgeschlossen und eingeln kanflich
Gangleinen je 16,80 DM

Sie riicken jene grofen europiischen Naturwissenschaftler unseter
ersten Jahrhunderthilfte ins Blickfeld, die durch ihre Forschungs-
taten das Antlitz der Welt verindert oder unsere Anschauung iiber
die Welt entscheidend beeinflult haben.

Diese beiden Binde sind nicht nach Lindern, sondern nach Fach-
gebieten geordnet. Sie bringen die groBen europiischen Physiker,
Chemiker, Erforscher des Weltalls, Erforscher der Erde, Mathe-
matiker, dann die Mediziner, Biologen und Anthropologen.
Jedem Forschungsbereich ist ein Einfithrungskapitel vorangestellt
das die Haupterkenntnisse im 20. Jahrhundert herausarbeitet und
den Rahmen fiir die dann folgenden Einzelportrits gibt. Beide
Binde richten sich an ,,Hérer aller Fakultiten®. Erste Fachkrifte
haben in ihnen die Feder gefiihrt.

Dr. Hans Schwerte, Universitit Erlangen, und Dr. W. Spenglef, Chef-
lektor im Gerhard Stalling Verlag,besorgten die Gesamtherausgabe.

s
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DENKER UND DEUTER
IM HEUTIGEN EUROPA

Erster Band

Das geistige Antlitz Deutschlands
OSWALD SPENGLER — ALBERT SCHWEITZER
Romano GUARDINI — RUDOLF BULTMANN
MARTIN HEIDEGGER — KARL JASPERS
Ta. MANN — GorTFR. BENN — E. JUNGER
Dargestellt von H. Zehrer, Prof. Dr. F. Buri,
Prof. Dr. Max Miiller, Prof. Dr. G. Bornkamm,
Dr. H. Zeltner, Prof. Dr. F. Martini,
Drt. H. Schwerte.

Das geistige Antlitz Osterreichs
H. v. HorMANNSTHAL — R. M. RILKE
KarkA — FREUD — RupoLF KASSNER

Dargestellt von Prof. Dr. G. Baumann, Dr. Hans
Schwerte, Prof. Dr. Martini, Prof. Dr. Kolle,
Dr. F. Usinger.

Das geistige Antlitz
der Niederlande und Belgiens

Jouan Huizinga — HENDRIK DE MAN

Dargestellt von Hendrik Lindt, Dr. H. Riidiger,
Dr. Giinther Schulz.

Das geistige Antlitz Skandinaviens

NATHAN SODERBLOM — SIGRID UNDSET

Knur HamsuN

Dargestellt von mag. art. Emil Frederiksen,
Dr. Nils Karlstrom, Prof. Dr. Ernst Alker.

Das geistige Antlitz der Schweiz
C. J. BurckHARDT — CARL GusTAV JUNG
Karr BartH — CHARLES F. RAMuz

Dargestellt von Prof. Dr. W. Giinther,
Dr. Ad. Frisé, Prof. Dr. A. Allwohn, H. Traub.

Zweiter Band

Das geistige Antlitz Englands

G.BERNARD SHAW — TH.EDW. LAWRENCE
JamEs Joyce — THoMas S. ELior
BeRrTR. RUSSELL — ARNOLD J. TOYNBEE

Dargestellt von Prof. Dr. F. W. Schoberth,
Dr. Paul Fechter, Rolf Schroers, H. Hennecke,
Dr. H. E. Holthusen, Prof. Dr. M. Bense,

Dr. Ernst F. J. Zahn.

Das geistige Antlitz Frankreichs

AxNDRE GIDE — PauL CLAUDEL
JEAN-PAUL SARTRE — GABRIEL MARCEL
A. pDE SAINT-ExUPERY — ANDRE MALRAUX

Dargestellt von Prof. Dr. Dr. A. Hilckman,
Dr. Walter Fohl, Prof. Dr. H. K. Weinert,
Dr. J. Streller, Prof. Dr. Albert Junker,
Karl Rauch.

Das geistige Antlitz Spaniens und Portugals

MicuiL DE UNnamuNo — F. Garcia Lorca
Jost ORTEGA Y GASSET

Dargestellt von Prof. Dr. Fritz Schalk,
Dr. Dr. A. E. Beau, Prof. Dr. H. Juretschke,

Enrique Beck.

Das geistige Antlitz Italiens

BenNeDETTO CROCE — LUIGI PIRANDELLO
GI0VANNI PAPINI

Dargestellt von Prof. Dr. August Buck,
Dr. O. Biidel, Prof. Dr. Albert Junker.

Das geistige Antlitz Osteuropas

OskAR HALECKT — MARTIN BUBER
NicorA] BERDJAJEW

Dargestellt von Prof. Dr. Gunther Stokl,
Prof. Dr. H. J.Schoeps, Prof. Dr.W. Lettenbauer.




Ortega y Gasset

Paul Claudel

Leseprobe aus dem Portrit

JOSE ORTEGA Y GASSET
von Prof. Dr. Fritz Schalk

Es ist der kiinstlerische Geist in Ortega, der seinen Schriften die
unverbriichliche Eigenart sichert. Echt humanistisch gelingt es dem
Autor stets, auch das sprodeste Thema aus der Verstrickung in das
Spezialistische, in die Fachsprache zu 16sen, um ihm in freier Ge-
staltung Form und Eigenleben zu verleihen. Wenn wir erkennen,
wie er in Meditationen, Improvisationen, Fabeln, Glossen das Ver-
fahren seiner Gedanken stets von neuem erprobt oder die Ansprache
wihlt, die schon dutch den festlichen Anlal3 iiber alle Pedanterie
hinausgehoben ist, dann sehen wir ihn mit den alten spanischen
Meistern solcher Gattung — mit Juan und Alfonso de Valdés,
Gracian, Quevedo —aber auch mit dem Formbegriff des Humanismus
iiberhaupt zusammentreffen, und sich ihm von verschiedenen Vor-
aussetzungen her immer wieder nihern. SchloB doch die offene
humanistische Form die Subjektivitit, ja die Willkiir, die Beimischung
des Individuellen nicht aus. An zahllosen Beispielen schon der Friih-
schriften 16t sich erkennen, wie unmerklich die Sphire des Person-
lichen und des Allgemeinen ineinander iibergehen und warum der
Essay, iiber dessen Wesen sich Ortega oft ausgesprochen hat, seine
sehr personliche Denkform werden mufite. Der Autor hilt den Ge-
danken fest, det zu dem gewiinschten Resultat fiihren muB, liBt ihn
aber oft scheinbar fallen, um den Leser nicht miiflig werden zu lassen.
In den Meditationen iiber den Don Quijote (1914) verkniipft Ortega ver-
schiedene Themen so kunstvoll miteinander, daB das eine aus dem
andern hervorzugehen scheint, als miite der Gedanke erst aufgelost
werden, ehe man ihn wieder zusammensetzen kann. Diese kiinst-
lerische Eigenart setzt sich in allen Schriften fest und gibt ihnen ein
cinheitliches stilistisches Geprige, ein Fascinosum.

Die National-Zeitung in Basel (Schweig) schreibt :

,,Das verdienstvolle Unternehmen griindet auf der Uberzeugung, dall
das iiberragende Individuum als der geistige Reprisentant seines
Landes betrachtet werden darf-und daB somit ,,die groBen Kultut-
personlichkeiten unserer Gegenwart in den verschiedenen europi-
ischen Volkern die heutige geistige Substanz Europas® darstellen.
Dieser Konzeption zufolge, die wir fiir die gecignetste zur Erreichung
des geplanten Zieles halten, werden uns durch erstrangige Fachleute
die verschiedenen Persénlichkeiten, die europiische Akzente setzten,
auf knappstem Raume vorgestellt. Besonders begriiBenswert ist die
jedem Portrit beigefiigte ausgewihlte Bibliographie und die Miniatut-
anthologie von Texten, die aus dem Werk ausgewihlt sind und die
einen unmittelbaren Eindruck des Gewiirdigten vermitteln.*

FORSCHER UND WISSENSCHAFTLER
IM HEUTIGEN EUROPA

Erster Band: WELTALL UND ERDE (Auswahl)

Physik im XX. Jahrhundert

Max Pranck — Die Eroffnung des Atomzeit-
alters durch die Quantentheorie

AvrBErRT EINSTEIN — Der Vater der Relativitits-
theorie und Entdecker der Lichtquanten

Ernest RurHERFORD — Der Begriinder der
Atom- und Kernphysik

Max voN LAUE — Der Beweis von der Wellen-
natur der Rontgenstrahlen

NieLs Bour — Der Schépfer des Atommodells

Louts Victor Prinz DE BroGriE — Der Be-
griinder der Wellenmechanik

WeRNER HEISENBERG — Das Ringen um ein
vertieftes Verstindnis der Welt

Dargestellt von Prof. Dr. Pascual Jordan, Prof.

Dr. E. Lamla, Prof. Dr. Max von Laue, Dr.

G. Leibfried, Prof. Dr. C. F. v. Weizsicker,

Prof. Dr. A. March, Dr. H. Dolch.

Chemie im XX, Jahrhundert

Marie Curie — Die Entdeckerin des Radiums

Orr0 HAnN — Der Entdecker der Uranspaltung

Ewmir Fiscuer — Der Wegbereiter der modernen
Biochemie

ApoLr WinpAus — Der Erforscher bedeutender

Vitamine, Heilmittel und lebenswichtiger
Substanzen

SikR RoBerT ROBINSON — Der bahnbrechende
Erforscher wichtiger Naturprodukte

THEODOR SVEDBERG — Kolloidchemiker, Mole-
kilforscher, Atomfachmann

HERMANN STAUDINGER — Der Vater der Kunst-
stoffe und Schopfer der makromolekularen
Chemie

Datgestellt von Dr. Rud. Sachtleben, Prof.

Dr. H. Schimank, Prof. Dr. F. A. Paneth, Prof.

" Dr. Lise Meitner, Prof. Dr. K. Freudenberg,

Prof. Dr. H. H. Inhoffen, Prof. Dr. H. Erdt-
mann, Dozent Dr. Per-Olof Kinell, Dr. Chri-
stoph Wolff, :

Die Erforschung des Weltalls
im XX. Jahrhundert

KarL ScuwArzscHILD — Der Schopfer der
heutigen Astrophysik

Ejnar HEerTzspRUNG — Neue Fundamente
zum Bau des Weltalls

Sir ArRTHUR EDDINGTON — Der Entdecker det
atomaren Zerstrahlung der Sterne in Licht

Dargestellt von Prof. Dr. Friedr. Becket, Prof.
Dr. ten Bruggencate, Prof. Dr. K. Aa. Strand,
Prof. Dr. A. V. Douglas.

Die Etforschung der Erde
im XX. Jahrhundert

AvrrEcHT PENCk — Der bahnbrechende Eis-
zeitforscher

FriprjoF NANsEN — Der iiberragende Polat-
und Meeresforscher

ALFRED WEGENER — Die Entstehung der Kon-
tinente und Ozeane

ViLuerm BjeErkNEss — Die Wettervorhersage
zur Wissenschaft erhoben

Dargestellt von Prof. Dr. J. Biidel, Prof. Dr.
H. Louis, Prof. Dr. Kurt Wegener, Prof. Dr.
H. Flohn.

Die moderne Mathematik
im Weltbild unserer Zeit

Davip HiLBert — Die Vollendung der klassi-
schen und der Beginn der modernen Mathe-
matik

Hermanny WEevL — Der grofie Dolmetscher
zwischen Mathematikern und Physikern
um die moderne Interpretation von Raum,
Zeit und Materie

,,BourBak1® — Die neue Ordnung der Mathe-
matik

Dargestellt von Prof. Dr. H. Hermes, Prof. Dt.

F. W. Levi, Prof. Dr. H. Freudenthal, Prof. Dr.
Gottfried Kothe.




Albert Einstein

Sir A. Eddington

Leseprobe aus dem Portrit

ALBERT EINSTEIN
Von Prof. Dr. Max: von Lane

Albert Einstein ist am 18. April 1955 im 77. Lebensjahr gestorben,
Die Physiker, die ihn mit Stolz zu den ihrigen zihlen, ja alle Natut-
wissenschaftler hielten inne in der Arbeit; denn einer ihrer GréBten
war dahingegangen. Aber auch die Geisteswissenschaftler, voran die

Philosophen von Fach, standen in Ergriffenheit

da; denn Einsteins

Bedeutung ragt tief in die Philosophie der naturwissenschaftlichen
Erkenntnis hinein. Ja, selbst jeder, der etwas von dem EinfluB des
Geistes auf den Gang der Geschichte ahnt, sollte aufhorchen. Ein-
stein gehért zu der GréBenordnung Isaac Newtons...

Einsteins groBte Leistungen liegen zweifellos im Bereich der
Quantentheorie und ganz besonders bei der Relativitits-
theorie, diesem ureigensten Erzeugnis seines Geistes. Die Titel der

dafiir grundlegenden Veroffentlichungen lauten :

¥ . .
»Uber einen die Er-

Reugung und Verwandlung des Lichts betreffenden heuristischen Gesichts-
punkt“und |, Zur Llektrodynamik bewegter Korper. Beide stammen aus
demselben Jahre 1905 (Annalen d. Physik), welches ithretwegen einen
Wendepunkt in der Geschichte der Physik bedeutet. Der
Nobelpreis fiir Physik, den Einstein 1921 erhielt, bezog sich vor
allem auf die erstere und cine Reihe anschlieBender Atbeiten . . |
Von héchstem Interesse wire selbstverstindlich, zu erfahren, wie es
inder Gedankenwerkstatt eines solchen Genies zuging. Aber obwohl
Einstein niemals den Blick dahinein verwehrte — im Gegensatz zu
manchem anderen bedeutenden Gelehrten ~, vielmehr in privater
Unterhaltung vollig offen erzihlte, was ihn gerade bewegte, ist es
doch schwer, dariiber einen Bericht zu geben. War einer seiner kithnen
Gedanken erst einmal ausgereift, so iiberzeugte er, ja er verbliiffte
manchmal durch die geniale Einfachheit der Konzeption. Den Weg
jedoch, der ihn so weit gefiihrt hatte, anderen vollig verstindlich zu
machen, blieb wohl auch Einstein selbst versagt. Immerhin lassen
sich einige kennzeichnende Ziige seiner Ideenwelt aufzeigen.

Das Tiefste daran ist seine Religiositit (nicht zu verwechseln mit
Kirchlichkeit). Fiir ihn war die Welt das Werk eines schopferischen
Geistes, der trotz seiner erhabenen Uberlegenheit dennoch den Men-
schen verstindlich bleibt, und zwar im Grundsatz vollstindig ver-
stindlich, wenngleich sich dies Verstindnis nur allmahlich, in vielen
Miihen und schrittweise dem Sterblichen enthiillt, ja ihm restlos nie

zuteil wird.

ssWenn ich in den Griibeleien eines langen Lebens eines gelernt habe, so ist es
dies, daf§ wir von einer tieferen Einsicht in die elementaren Vorgénge viel
weiter entfernt sind als die meisten unserer Z, eitgenossen glanben!<

Aus cinem der letzten Briefe Einsteins.

Zweiter Band: ERFORSCHER DES LEBENS (Auswahl)

" Medizin im XX. Jahrhundert

Avexis CARREL — Der Begriinder der Opera-
tionstechnik fiir GefiBinaht und Organ-

iiberpflanzungen

FERDINAND SAUERBRUCH — Die Entwicklung der

Brustchirurgie

Lupwic Ascuorr - Ein Wegbereiter der
funktionellen Pathologie

Vicror voN WEIzsickerR — Der Uberwinder
des Mechanismus und Materialismus in der
Medizin

A 7 >
IwaN PETROWITSCH PAwLOwW — Der Vater der

,bedingten Reflexe

SANTIAGO RAMON Y CajaL — Der Pionier der
modernen Nervenheilkunde

OrFRID FOERSTER — Det Kimpfer um eine selb-
standige Neurologie

WaLter Ruborr HEess — Der Erforscher des
Zwischenhirns

EuGEN BLEULER — Auch der Geisteskranke als
Mensch gewiirdigt. Die Begriindung der
Schizophtenielehre

Orro WarsUurRG — Ein ,,Kiinstler der Zell-
physiologie

ALBERT SzENT-GYSRGYI — Der Entdecker des
Vitamin C

GERHARD DomaGk — Der Entdecker der Heil-
wirkung der Sulfonamide und neuer Tuber-
kuloseheilmittel

SIR ALEXANDER FLEMING — Der Entdecker des
Penicillins

Datgestellt von Dr. Chr. Wolff, Dozent Dr.
H. Leonhardt, Prof. Dr. Rudolf Nissen, Dr.
Dr. Kithe Heinemann, Dozent Dr. W. Kiite-
meyer, Prof, Dr. M. Brandt, Prof. Dr. H. Pette,
Prof. Dr. O. Wyss, Prof. Dr. M. Bleuler, Dr.
Josef Hausen, Prof. Dr. Dr. Edgar Wohlisch,
Dr. H. Schrader, Dr. H. Graupner.

Die Erforschung des Lebendigen
im XX. Jahrhundert
Treopor Boverr — Der Entdecker der Chro-
mosomen als Veterbungssubstanz
Karr Ericu CorreNs — Der Begriinder der
modernen Vererbungslehre
HerMANN Nivsson-EHLE — Die Grundlagen
der modernen Pflanzenveredelung
IwaNn WrapiMiRowrTscH MrTsCHURIN — Die
biologische Wissenschaft in der Sowjet-
union
Hans Driesca — Die Eigengesetzlichkeit des
organischen Lebens
Hans SpEMANN — Der Erfinder der embryo-
nalen Mikrochirurgie und Meister der
Entwicklungsphysiologie
Ot110 MEYERHOF — Der itberragende Entdecker
der biochemischen Zyklen bei den Lebens-
vorgingen '
KarL vonN Friscu — Der Entdecker der Bienen-
,,Oprache
Max HarrMANN — Die Erforschung der bio-
logischen Grundlagen von Befruchtung
und Sexualitit
Dargestellt von Prof. Dr. Dr. h. c. Max Hart-
mann, Prof. Dr. Dr. h. c. F. Baltzer, Prof. Dr.
H. Kappert, Dozent Dr. Olof Tedin, Dr.
A. Buchholz, Prof. Dr. E. Ungerer, Prof. Dr.
O. Mangold, Prof. Dr. H. H. Weber, Prof. Dr.
O. Koehler, Prof. Dr. Hans Bauer.

Anthropologie im XX. Jahrhundert

PrerRE MARCELLIN BouLE — Der Erforscher des
fossilen Menschen

ScuwALBE-KLAATSCH-MOLLISON — Die Ab-
stammung des Menschen

EuvceN FiscHER — Der Altmeister der Anthr'o-
pologie, der Pionier der Hu.mang.enenk,
der Begriinder der Anthropobiologie

RenaTO Biasurtr — Der Rassen- und Volker-
kundler Italiens

Dargestellt von Prof. Dr. Dr. sc. h. c. Eugen

Fischer, Prof. Dr. Gerh. chcrcfr, Prof. Frhr. v.

Verschuer, Prof. Dr. Dr. F. Keiter.
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Karl von Frisch

Alexis Carrel

Otto Heinrich Warburg

Leseprobe aus dem Portrit

OTTO HEINRICH WARBURG
Von Dr. Josef Hausen

Wenn ein kiinftiger Geschichtsschreiber der Medizin seinen Zeit-
genossen riickblickend vor Augen fiihten will, wie die Menschen des
Zwanzigsten Jahrhunderts der Krebskrankhei t,der letzten groBen
Seuche, deten sie noch nicht Hetr geworden waren, zu Leibe riickten,
wie sie sich in Dutzenden von Fotschungsinstituten um ihre Utr-
sachen, ihre Diagnose und Therapie miihten; wird er nicht umhin
konnen, abschliefend etwa folgendes festzustellen: Nach jahrzehnte-
langem Forschen und Suchen, nachdem zahlreiche Hypothesen auf-
gestellt und zahllose Biicher iiber die Entstehung des Krebses ge-
schrieben worden waren, gelang es Ende 1954 dem deutschen Nobel-
preistriger Professor Otto Heinrich Warburg, klar und unzweideutig
und mit der Kraft untriiglicher Beweise auszusagen, wie der Krebs
entsteht. Damit war eines der bedeutendsten Hemmnisse, das der
Vorbeugung dieser heimtiickischen Erkrankung im Wege stand —
man wullte bis dahin nicht, wovor man cinen Menschen schiitzen
mufite, wenn man ihn gegen Krebs schiitzen wollte — aus dem Wege
gerdumt. Gegen die Widerstinde, die das Verharren in vorgefaliten
Meinungen der Ausbreitung neuer Erkenntnisse stets entgegensetzt,
wurden die Wege langsam frei fiir eine planvolle Krebs-
Prophylaxe und die Befreiung der Menschheit von einem ihrer
argsten Feinde.

Der Geschichtsschreiber der Zukunft wird, wenn er korrekt ver-
fahren will, hinzufiigen miissen, daB die grundlegende Entdeckung,
die Warburg zu seiner These von der Krebsentstehung fiihrte, damals,
als er diese erstmalig publizierte, rund drei Jahrzehnte zuriicklag. Es
wat der merkwiirdige Befund, daB die krebsig entartete Korperzelle
nicht mehr oder nur noch in untergeordnetem MalBe atmet, sich ihre
Lebensenergie vielmehr auf einem ,, Ausweichgleis* des Stoffwechsels
beschafft: durch Girung, das heift durch Spaltung der ihr als Nah-
rungzugefithrten Zucker ohne Mitwirkung von Sauerstoff (Glykolyse).

Das Reihenwetk ,,Gestalter unseret Zeit® erscheint im
GERHARD STALLING VERLAG

Kostenlos sendet dieser Thnen die ,,Kleine-Stalling-Tllustrierte® mit
Lese-und Illustrationsproben aus allen Neuerscheinungen. Es gentigt
cine Postkarte an den Stalling-Verlag, Oldenburg (Oldb), Ritter-
stralle 19. Buchbestellungen richten Sie bitte nur an Ihren Buch-
hiandlet.

Dieser Prospekt wurde Thnen
iberreicht durch:




SHIPS AHOY'!

—~The Search for Cosmic Company—

A. ViBert Doucras

SRS S

Are we alone in the Universe? With our immediate planetary neighbours
eliminated by apparent physical conditions, the quest for other abodes of life
has spread beyond the confines of our own solar family. What is the probability
that other stars may play sun to habitable planets? An astronomer faces this
question in the light of developing cosmological theory and observation.

third of a century has passed since an essay appeared in the
Atlantic entitled Other Little Ships.

First came a word picture:
“a wide stretch of sea, a vast expanse of sky, a far-off horizon; in the
foreground a ship, a small ship tossing upon the ocean billows with
great forces playing all around it, and it seems an insignificant thing
upon the great broad troubled waters alone—and yet not alone, for over
there on the far-away horizon are other little ships.”

The metaphor was then developed of the ocean of spacetime and

a question was posed:

“Stately ships are sailing in all directions. No human hand upon the
helm directs their courses, an unseen force propels them onward, each
ship a star, each star a sun, each sun a glowing ball of gas radiating
light and heat in all directions. Look well at the stately ship in the fore-
ground of the picture for about it are circling an attendant fleet of
smaller ships, and one of them—a very small ship—is weighted down
with a living cargo in myriad forms: flowers and trees, insects, beasts,
and man. On its prow its name is written—The Earth.

The picture alters as in a dream. We are no longer the fanciful
painters upon the canvas of the imagination; we are in the picture, a
part of it, and on The Earth we are sailing around our Sun and with it
across the ocean of spacetime—from whence we know not, whither we
know not. Steered always by an unknown hand, we play no part in the
running of our ship, we go where it takes us and we know not why we
are on it. We look out across vast spaces and see only other suns and
beyond them more suns, and beyond them suns and clusters of suns;
and in a moment of oppressive lonelines we cry, ‘Are there no other




QUEEN’'S QUARTERLY

little ships? No other little ships like The Earth? Are we alone and
unique in the universe of spacetime?” ”

The answers to this question were reviewed from the speculations
of Laplace a hundred and fifty years ago to the investigations of cos-
mologists like Chamberlain and Moulton and the more rigorous math-
ematical analysis of Jeans and Jeffreys which by 1919 had led to the
conclusion that the existence of ‘other little ships,” of other planets
like the Earth was not impossible but highly improbable. Then followed
an account of the researches of Eddington and Jeans published in Great
Britain in 1924. A greatly increased time scale had been postulated
from available evidence, pointing to a million million years for the age
of the stellar universe; and the consequence of this was to increase
“enormously the chance of solar systems being formed by tidal action
. . . planetary systems if not quite the normal accompaniment of a sun,
at least fairly freely distributed in space.”

And so the essay concluded thus.
“Are there other little ships? . . . Though you may never dip your flag
to a passing ship, nor ever exchange a signal with one far distant, yet you
may know that it is highly probable that just over the horizon there are

other little ships.”

That is where I laid down my pen in 1925, and now I take it up
to carry the story through the intervening years.

Twice from the crow’s nest of the little ship Earth has come the
exciting shout, “Ship ahoy!” Where are these other little shipsP—not so
far away that we must say with Milton, “distance inexpressible by
numbers that have name,” but nevertheless so remote that no exchange
of signals has been recorded. I shall not anticipate further but briefly
review the progress of cosmological thought during these 33 years.

Nothing remains static in the universe of stars, of atoms or of men.
Canon Lemaitre of Louvain developed the theory of the expanding
universe in 1927. This demolished the longer time scale of Sir James
Jeans. The evidence at present seems to point to the age of our stellar
system being not more than ten thousand million years. But though the
time scale is reduced, the hypothesis of an expanding universe implies
that stars and galaxies of stars were more closely packed together in
the remote past. Hence the probability of the very close approach of
two stars was greatly increased and hence, too, the possibility of the

-3,
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tidal disruption of one by the gravitational attraction of the other. From
such a tidal filament of stellar gases the planets were thought to have
been formed by condensation and accretion. This continued to be the
most favoured theory for many years. In time however the cosmologist
became less sure of this than he was a score of years ago. In fact Jeffreys
found so many weaknesses in the tidal theory of the origin of the solar
system that speculation began running wildly from idea to idea.
Imagination went forth, not in William Blake’s “uncurbed glory,” but
in a glory undiminished by the fact that every postulate must be
checked with the most rigorous mathematical analysis as to conserva-
tion of angular momentum, stability, turbulence, probability.

A satisfactory theory as to the origin of the Solar System is of
fundamental importance if we would hazard any estimate as to the
likelihood of other stars, some or many of them, possessing similar
systems of planetary bodies. By a planetary body is meant a dark
mass of matter shining only by reflected light, too small in quantity to
maintain its existence through a thousand million years in the hot
gaseous condition of a star which radiates heat and light and ultra-
violet rays in all directions. Bodies of mass only one tenth to one
hundredth of the mass of an ordinary dwarf star will cool by radiation
and in due time solidify as dark bodies which are visible only by re-
flecting the light of their parent star. The planets of the solar system,
Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, Pluto
shine only by reflected sunlight. Their combined mass is less than one
seven hundredth of the mass of the Sun.

If the biparental tidal theory is not satisfactory in explaining the
existence of planets, what alternatives are there? Men on both sides of
the Atlantic Ocean have been speculating and theorizing: Russell,
Lyttleton, Hoyle, van Albada have examined the plausible cases of a
giant star colliding with one member of a double star system, or of a
triple system where two members were close enough that further
growth by accretion would result in a coalescence and subsequent
catastrophic fission, or a binary system in which one member suffers
a supernova outburst and collapse. Lyttleton has pushed his calcula-
tions to the rotational instability of a large planetary mass giving rise
to two smaller planets.
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Discarding a two or three star hypothesis Weizsacker, Edgeworth,
Whipple and Kuiper have postulated turbulence and vortices in a disk-
like nebula about the Sun, or in a vast nebula of galactic proportions
where instability and shear forces might result in the birth of stars
and of planets, or on a smaller scale a dust cloud evolving into a solar
system—no theory which is only plausible words not backed up by
mathematical treatment can carry much weight and all these proposals
must be subjected to intensive mathematical scrutiny. The keenest
critic is still Sir Harold Jeffreys of Cambridge University and he
stated in 1948, “I am not satisfied with any existing theory, but many
notable advances have been made in the last twenty years”. This
opinion he reiterated in 1958 at the conference in Moscow of the
International Astronomical Union.

That the most recent studies on planetary origins have moved away
from dependence upon a highly improbable chance collision or close
approach of two stars is-of major interest. “There is no need,” wrote
K. E. Edgeworth in his 1949 paper to the Royal Astronomical Society,
“to invoke some special and improbable coincidence, such as a stellar
collision . . . the solar system can properly be regarded as a natural
product of normal evolutionary forces.” Starting with the postulate
that “the material out of which the embryo planets were first formed
existed originally in the form of a rotating disk of small solid particles
extending beyond the orbit of Neptune,” he developed his theme and
stated his conclusion with an assurance which has not been justified,
but indicated how the winds of thought were blowing.

The progress of science has been due to the fact that theory and
observation run hand in hand. One may run somewhat ahead of the
other for a time or it may lag behind. Each can stimulate the other,
or be a drag upon it. In this matter of planetary bodies, theory has been
active for one hundred and fifty years, but observation was confined
to the Solar System exclusively until in 1942-43 K. A. Strand pointed
to the constellation of Cygnus the Swan, and Reuyl and Holmberg
pointed to Ophiuchus the Serpent Bearer—in each of these directions
it was thought that a body of planetary size had been discovered. In
the metaphoric language of our preface, the astronomers shouted,
“Ships ahoy”. And yet no eye had seen these two other little ships, no
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light signal had come from them. The first is still considered a possibil-
ity, the second proved to be illusory.

The evidence for their existence was observational but indirect.
In 1838 an able German mathematician and astronomer, Bessel, (one
of the first three men to measure the distance to a star) announced
that 61 Cyvgni is distant from the Solar System about eleven light years.
It is a binary star. 61 Cygni A and 61 Cygni B revolve in orbits about
their common centre of gravity in a period of 720 years. Much is known
about orbital motion since the days of Kepler and Newton. Observed
deviations from a Keplerian orbit imply the existence of a third body
whose mass and orbit can be calculated. From the motions of A and B,
Strand deduced not only the existence of C but the fact that it revolved
about either A or B in 4.9 years and that its mass was only sixteen times
that of the planet Jupiter or one sixtieth of the Sun. Too small to be
called a star, 61 Cygni C was the first body classified as a planet to be
found outside the Solar System.

The second indication of the existence of a planet was based on
measurements made on 126 plates taken in the years 1914-42, but so
small are the orbital perturbations that the most delicate measurements
are required over a longer period. In this case subsequent work has
not confirmed the existence of a third body of planetary dimensions.

Might there be life on another planet, vegetation and animal life
such as have come into being on the Earth in the course of many
millions of years? Terrestial organisms of self-reproducing cells are
known to require special chemical and environmental conditions—
abundance of carbon and hydrogen, water vapour, and a limited range
of temperature being only the most obvious. While the central mystery
of life remains a mystery, no logical reason forbids the assumption that
living cells will come into being wherever in nature the requisite con-
ditions both chemical and physical exist. In the case of the other
members of the Solar System no close approximation to the essential
terrestrial conditions is found: too scorchingly hot if near the sun and
facing it; too utterly cold if always turned from the sun or in the outer
orbits; no atmosphere whatever, or atmospheres almost devoid of
oxygen and water vapour but rich in carbon dioxide, or methane, or
ammonia as cirrus clouds of crystals hovering over a frozen ocean of
solid ice.
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Examining the data for the non-solar planet we find that 61
Cygni C revolves about its star in an elongated elliptic orbit which
brings it in to about the Sun-Venus distance but carries it far out beyond
the Sun-Mars distance. The average distance of this planet from its
‘sun’ is therefore much greater than the Sun-Earth distance. Both for
this reason and because its star is much cooler and less luminous than
the Sun, the temperatures may be too low to be conducive to life even
if the other conditions were favourable.

This is a tentative solution of the problem which the observa-
tional data poses, but further data and possible alternative solutions
must be studied before these deductions could be considered as sub-
stantiated. They illustrate, however, the alertness of the men on watch
as they scan the skies for any evidence of planets other than our
neighbours in the Solar System.

At the symposium in Mosow on solar and non-solar planets, per-
haps the most interesting contribution to a spirited discussion was that
of Professor Fred Hoyle of the University of Cambridge. His hopes are
not pinned on any theories of condensation in a dust cloud of proto-
planets captured by the Sun, as propounded by Professor Kuiper. Hoyle
considers that as our Sun condensed from perhaps one hundred times
its present size, some of its gaseous substance streamed out from its
equatorial region to distances of its present planetary system. With the
aid of the solar magnetic field now known to exist in space this matter,
about one tenth of one percent of the Sun’s mass, would carry off
the large proportion of angular momentum now associated with the
planets, leaving the Sun rotating slowly about its axis. The elements
of highest boiling point would condense nearest to the Sun, forming
the inner planets largely of rocky and metallic material but since
not more than 0.1% of the Sun’s gases is composed of heavy elements
these inner planets are less massive than the outer planets. The
latter are largely composed of the light elements, hydrogen, carbon,
nitrogen, oxygen, all elements of low boiling point and hence moving
far out from the Sun before condensation on a large scale could take
place. Professor Urey pointed out one difficulty in this theory, namely
the presence of mercury in meteors when by the physical properties of
this element one would expect it to have streamed out in the Solar
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System as far as Jupiter before being trapped. But on the whole he
favoured Hoyle’s theory.

Obviously this theory is applicable to stars in general, and if one
pauses to consider that the galaxy of which our Sun is one humble
member contains some hundred thousand million stars, and that there
are possibly a hundred million such galaxies within reach of our
powerful telescopes, the conclusion is justified that many planetary
systems may exist whether the number in any one galaxy be large or
small. Amongst all these some few here and there in this galaxy and in
the others may happen to provide those very conditions of environment
in which living cells may develop as they have developed on the Earth.

In recent years many theories have come and gone and of no
currently advocated theory can it be said that it will probably provide
the final and complete solution. However no currently advocated theory
would make our Solar System unique, and we may therefore hope
that in the not too distant future the astronomers on watch in the
crow’s nest of The Earth may be heard to raise their voices with a
certainty hitherto impossible and shout “Ships ahoy”.

Reprint from QUEEN'S QUARTERLY Vol. LXVI-3 Autumn 1959




SIR ARTHUR EDDINGTON, O.M.

BY

A. ViBerT DoucLas

Reprinted from the University of Toronto Quarterly
Vol. XIV, No. 3, April, 71945




‘%

L

Qe

»

.6 e

SIR ARTHUR EDDINGTON, O.M.

A. ViBerT DoucLAs

WITH the death of Sir Arthur Stanley Eddington in Cambridge on
November 21, 1944, a very great man has passed through the portals
into the unseen world.

Born in Kendal in 1882, he was the son of the Headmaster of Stramon-
gate School. From Owens College, that famous training ground of potential
scholars, he proceeded to Cambridge. Here he trod the courts and corridors
where the spirit of Newton lingers, where brilliant mathematicians had been
or were making advances in pure mathematics and in its applications to
physical problems and to astronomy—Airy, Cayley, Stokes, John Couch
Adams, Larmor, J. J. Thomson, George Darwin. In 1904 he won the dis-
tinction of Senior Wrangler and in 1907 became Smith’s Prizeman and
Fellow of Trinity.

As Chief Assistant at Greenwich Observatory from about that time
until 1913, Eddington rose to prominence with his investigations of stellar
movements and the structure of the universe, which formed the subject
matter and title of his first book, published in 1914. In this year he was
made a Fellow of the Royal Society, and in the previous year, at the age of
thirty, he was elected Plumian Professor of Astronomy in the University of
Cambridge. This chair and the directorship of the Observatory he held
with steadily increasing honour and international recognition to the end
of his life.

In memory I see him in his classroom off Bene’t Street. From my
seat beneath the tablet to Cayley and Stokes, I watch a master-mind at
work. A slight man of average height, in academic gown, reserved almost
to the point of shyness, he rarely looks at his class. His keen eyes look
at or through the side wall as he half turns from the blackboard and seems
to think aloud the significance of the tensors which he has just written on
the board. The mathematical theory of relativity is developed aé initio
before our eyes and the symbols are made to live and take on meaning. 1
see his face in profile and hear his low voice as he says as though in soliloquy:
“The real three-dimensional world is obsolete, and must be replaced by the
four-dimensional space-time with non-Euclidean properties . ... But the
four-dimensional world is no mere illustration; it is the real world of physics,
arrived at in the recognized way by which physics has always (rightly or
wrongly) sought for reality.”” One must remember that this was 1922.
Einstein’s general theory had only been known in England for some five
years and very few had the mathematical knowledge to read it; de Sitter’s
and Weyl’s contributions were as yet scarcely understood; and Eddington’s
Report on the Relativity Theory of Gravitation for the Physical Society of
London and his less mathematical Space, Time and Gravitation were not
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two years old. The thrill of seeing physical science on the march in a new
direction, the sense of something stirring, of new adventure, held us tensely
expectant even though we might but half comprehend it; and before us
slowly, deliberately, quietly, alternately thinking aloud in symbols and in
words, was one of the few men, one of perhaps a dozen men, who at that
time had the insight and vision to see whither it was leading.

The scene changes to the Cavendish Laboratory where Sir Ernest
Rutherford is presiding at a meeting of the Cavendish Society and Professor
Eddington is the speaker. In his usual quiet, reasoned, restrained manner
he has given an exposition of his recent theoretical work on electron capture
in giant stars. Again one must remember that this is 1922 and physicists
are not very familiar with the behaviour of matter at temperatures ranging
from 3000°C. to several million degrees, nor with the opacity resulting from
extremely high ionization. Questions are put to the speaker like rapid
rapier thrusts, and quietly parried. Then Rutherford rises with lust for
battle in his eyes and as with a mighty broadsword delivers what he
obviously thinks is a final deadly blow. Fire suddenly springs into Edding-
ton’s eyes, and steel meets steel with sparks flying. Criticisms based on a
physicist’s discharge tubes are shown to be inapplicable as applied to the
stellar conditions. The attacker becomes the attacked and retires from
the fray.

Another scene is a meeting of the Royal Astronomical Society at
Burlington House when, as President, he presented the gold medal of the
society to James Hopwood Jeans and outlined with brilliant competence
the scientific achievements of the medallist. Referring to the series of
papers on problems of stellar constitution in which he and Jeans had hurled
mathematical missiles at one another over a period of several years, he
paused to remark that “the onlooker will perhaps conclude that someone
was badly annihilated, but it is possible that Jeans and I may still have a
difference of opinion—as to precisely whose corpse lies stricken on the
field.”

Few men of science have a record of achievement comparable to that
of Eddington. For twenty years he has stood pre-eminent amongst the
astronomers of the world. His papers on stellar structure led him into
many fields. Fundamental was his recognition of the part played by radia-
tion pressure, which with gravitational attraction and gas pressure account
for the stability of stars and their limited range in the mass. This led to
papers on the deep interiors of stars, calculation of central temperatures, of
sources of energy, of atomic and electronic states, of pressures and densities,
of variable stars and Cepheid pulsation, of stellar diameters, of masses and
luminosities, of the densities and gaseous nature of white dwarf stars, of
diffuse inter-stellar gases and the rotation of the galaxy. Who that was
following astrophysics in those years will ever forget the excitement pro-
duced by his paper of March, 1924 on the mass-luminosity relation, and
the papers which it evoked from J. H. Jeans in the November following
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and from R. H. Fowler about two years later, this last showing how the
statistical mechanics of a degenerate gas was applicable to the white dwarfs.
Much of this work of Sir Arthur’s has proved the starting point of research
by scientists of many nations. It was in due course brought together in
his Internal Constitution of the Stars, and the subsequent Bakerian and
Halley Lectures. Many later papers have carried these researches farther.

Epoch-making, in more ways than one, were the verifications of some
of Eddington’s predictions. With Michelson’s stellar interferometer at-
tached to the 100-inch reflector at Mount Wilson Observatory, Pease in
1920 found the angular diameters of giant red stars to be in good agreement
with Eddington’s calculations. In 1925 W. S. Adams succeeded in
measuring the red shift in the spectrum lines of the white dwarf companion
of Sirius, thus verifying both the Einstein relativity theory and Eddington’s
theoretical calculation of the immense density of stars of this class.

Eddington has been the outstanding exponent in the English language
of the relativity theory. It was he who first interpreted the ideas of
Einstein, de Sitter, and Weyl. It was he who realized the importance of
testing Einstein’s theory on its prediction that rays of light passing close
to a body like the sun would be deflected in the gravitational field, and
that this might be accomplished during the total solar eclipse of May 29,
1919. Notwithstanding the war, plans were pushed ahead, and when the
eventful day arrived, even though the Treaty of Versailles had not yet been
signed, two British expeditions were in readiness to take the crucial photo-
graphs, and Eddington at Principe Island and Crommelin at Sobral ob-
tained the plates which gave a first measure of confirmation to the new
theory. It was Eddington who interpreted Lemaitre to the English-
speaking world, and for fifteen years he has upheld the theory of an ex-
panding universe, modifying the original approach of Lemaitre by starting
from an “Einstein universe.”” The goal of his endeavours has been the
formulation of a theory combining both relativity and quantum theories.
During the last few years he has published several papers attempting to
make this very synthesis—how successfully cannot be said until the few
mathematicians competent to judge have examined it in every detail. Its
consequences upon the time scale of the universe are to lengthen the “age”
beyond that of recent theories. This was the subject of his last contribution
to the Royal Astronomical Society.

My thoughts go to a conversation with Dr. de Sitter in 1931 when I
asked him the result of a controversy between himself and Sir Arthur over
the effect of space expansion upon our own galaxy. Eddington had main-
tained that the dimensions of the galaxy would be unaltered; de Sitter had
eventually been obliged to agree; and he said to me, shaking his patriarchal
head ruefully: “Eddington was right. Eddington is always right.”” Not
everyone has thought this in regard to his most speculative and debatable
researches, those on the theoretical determination of cosmological and
physical constants.
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The number 137 will awaken in the minds of many, memories of a
kindled interest, of perplexity, doubt, expectation, and perhaps of moments
of great thrill, when thinking back over the last fifteen years. The name
of Eddington stands central in these memories. This has been his play-
ground pre-eminently. Some of us have stood fascinated at the edge of
the field watching this illusive game played patiently, skillfully, brilliantly
by one man, a master juggler with the elements of the theory of groups,
with quantum mechanics, and with the basic units of measurement. Some
there have been who paused to watch briefly, to smile or even ridicule the
Aristotelian four de force. But steadily and doggedly the theory has been
pushed forward, until now the evidence seems overwhelming that, with
no observational data other than three basic constants, namely, the velocity
of light and the Rydberg and Faraday constants for hydrogen, it is possible
to calculate theoretically the following thirteen physical constants: charge
e; Planck’s constant; masses of electron, proton, hydrogen atom; gravi-
tation constant; fine structure constant; nuclear range-constant; nuclear
energy-constant; mass of universe; number of particles in universe;
Einstein radius of space; galactic recession constant. This is a startling
achievement because of its philosophical implications. In his book Re/a-
tivity Theory of Protons and Electrons the foundations of this theory are set
forth, and in The Philosophy of Physical Science he investigated the episte-
mological significance of his approach. Let us hear his own account of the
factors which influenced him. “A slight reddening of the light of distant
galaxies, an adventure of the mathematical imagination in spherical space,
reflections on the underlying principles implied in all measurements,
nature’s curious choice of certain numbers such as 137 in her scheme—
these and many other scraps have come together and formed a vision.”
With humour and apt literary allusion so typical of his writing, he adds
““a most rare vision . . . Bottom’s dream.”

Equating a function of the number of independent wave systems in
the universe to the ratio of electrical to gravitational forces between electron
and proton, he arbitrarily (and should we say, intuitively) bridged the gap
between atomic and relativity theory. Recognizing that two indistinguish-
able electrically charged particles have 137 degrees of freedom, he under-
stood how this number comes to be imbedded in nature. The apparent
arbitrariness of some of the constants of nature has vanished—their values
are what they are by logical necessity.

Dingle has been a consistent opponent of Eddington’s Aristotelianism
as found in these researches. In reviewing Born’s recent book, Experiment
and Theory in Physics, Dingle says, “Like others, Professor Born has not
succeeded in understanding the essential parts of Eddington’s theory
connecting the constants of quantum theory with those of cosmology.
That is not to say that there is nothing of great value in the theory. His
final comment is perhaps the wisest that has yet been made on this subject:
‘T'am far from attacking Eddington’s theories or from doubting his results.
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If they should turn out to be right I shall rejoice. But I shall not attribute
this (possible) success to Eddington’s philosophy, as a doctrine which could
be followed by others, but to his personal genius and intuition.” ” The
world may have to wait a long time for another man with “personal genius
and intuition” comparable to Sir Arthur’s. When it is fully understood,
this entire investigation may yet be ranked as one of the great adventures
of the human mind.

Eddington’s excursions into philosophy and metaphysics are to be
found mainly in three books. The Nature of the Physical World (1928)
comprises his Gifford Lectures of the previous year; New Pathways of Science
contains the Messenger Lectures delivered at Cornell in 1934; and The
Philosophy of Physical Science arose from the Tarner Lectures in Cambridge
in 1938. These books are a source of sheer delight to readers trained in the
mathematical sciences. To many who have only a very meagre knowledge
in these fields, large parts of each book can be enjoyed with profit. To
philosophers in general they are illuminating and provocative; and to a
few stern logicians for whom a strict and narrow use of words is the be-
ginning and end of wisdom, they are a source of severe irritation. Much
of the writing is brilliant exposition. With the aid of simile and metaphor,
and oft-times pungent wit (all of which inevitably lay one open to a flank
attack by solemn logicians), many of the most abstruse mathematical
subjects are put in words so that the layman can at least get some idea of
the way science is going—relativity, quantum theory, probability, wave
mechanics, indeterminism. He develops his philosophy of physical science,
regarding the result as partaking of the nature of both selective subjectiv-
ism and structuralism, and then proceeds to “a general philosophical out-
look which a scientist can accept without inconsistency.”

He is Platonic in his insistence upon the intrinsic part played by mind
in the picture of the universe which man constructs for himself. He stresses
the purely symbolic character of the world built up by the measurements
of the physicists and astronomers. The underlying reality is untouched by
these methods of approach. His own world-building, as also that of
Einstein, de Sitter, Weyl, or Lemaitre, is to be thought of as map-making,
a partial representation only. “Symbolic” knowledge, the result of physical
measurements, can be put into this map, but “intimate” knowledge, the
essential contribution of the mind, cannot be introduced. “Realization
that physical knowledge is concerned only with structure points the way
by which the conception of man as an element in a moral and spiritual order
can be dovetailed into the conception of man as the plaything of the forces
of the material world.”

A member of the Society of Friends with sincere mystical insight,
Eddington lays great stress on recognition of the unseen world. His ap-
proach is through intimate knowledge:

The desire for truth, . .. the reaching out of the spirit from its isolation to something
beyond, a response to beauty in nature and art, an Inner Light of conviction and guidance
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—are these as much a part of our being as our sensitivity to sense-impressions? . .. * Who
does not prize these moments that reveal to us the poetry of existence? ... We do not
ask whether philosophy can justify such an outlook . .. rather our system of philosophy
is itself on trial; it must stand or fall according as it is broad enough to find room for this
experience as an element of life. The sense of values within us recognizes that this is a
test to be passed; it is as essential that our philosophy should survive this test as that it
should survive the experimental tests supplied by science . ... We all know that there
are regions of the human spirit untrammelled by the world of physics. ...  There are
some to whom the sense of a divine presence irradiating the soul is one of the most obvious
things of experience.

Eddington was very careful never to lend support to a rather wide-
spread proclivity on the part of too many religious teachers to grasp some
bit of scientific knowledge and distort it into evidence for faith in spiritual
values and beliefs. Weyl has written: “Modern Science, in so far as I am
familiar with it through my own scientific work, mathematics and physics
[and cosmology], makes the world appear more and more an open one, as a
world not closed but pointing beyond itself ... science can do no
more than show us this open horizon ....” Eddington, in one of his
writings, quotes this passage and endorses it thus: “He who views mysticism
from the standpoint of scientific philosophy may be compared to a man

looking down on a city from a height. ... It is something that from the
present peak of science, the clouds have so far rolled away that we seem
able to make out the site of the city . ... But the domain thus revealed

ought to be known from within. To join in this knowledge we must
surrender our scientific vantage point, and enter the way by which man has
from the earliest times entered into the things of the spirit.”

In the closing section of his last book, The Philosophy of Physical
Science, we find these sentences: “Even in science we realize that knowledge
is not the only thing that counts. We allow ourselves to speak of the
spirit of science. Deeper than any ‘form of thought’ is a faith that creative
activity signifies more than the thing it creates . . . . In the age of reason,
faith yet remains supreme; for reason is one of the articles of faith. . ..
A scientist should recognize in his philosophy—as he already recognizes in
his propaganda—that for the ultimate justification of his activity it is
necessary to look away from the knowledge itself, to a striving in man’s
nature, not to be justified of science or reason, for it is itself the justification
of science, of reason, of art, of conduct.”

Eddington was essentially a man of happy nature, fond of sports, of
his pipe and fireside, and of his associations with astronomers and other
scientists the world over. In a letter from Cambridge written in December,
1943 he says, “We get on pretty well here though things are a bit difficult
in various ways. One misses very much the stimulus of research students.”
His powerful, restless mind found satisfaction not only in the results but
in the actual struggle of hard thinking. In his Swarthmore Lecture he had
said: “You will understand the true spirit neither of science nor of religion
unless seeking is placed in the forefront.”
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The happiness which he derived from his work was both intellectual
and aesthetic. In his last book he contrasts the Pythagorean arithmetic of
counting with the assignment of numbers to systems where the process of
counting is logically ruled out, and of this latter he says: ““it is impossible
not to admire the devastating beauty of quantum arithmetic.” These
words remind one of an astronomer of three hundred years earlier, John
Kepler, for whom Tycho Brahe’s records of planetary observations had
“the fragrance of ambrosia.” These are the reactions of great rounded
characters: no cold materialistic philosophy will explain the divine fire.
“Verily it is by Beauty that we come at Wisdom, yet not by Reason at
Beauty.”

Sir Arthur Eddington took the universe from atoms to stellar galaxies
and likewise the world unseen save by “the eye of the soul” as his hunting
grounds, and therein imagination and reason went forth in uncurbed glory.
Now this giant among thinking men, “the gentle knight,” has gone forth
upon a new adventure. “They that be wise shall shine as the firmament
of heaven and . . . as the stars for ever and ever.”
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SIR OLIVER LODGE
A. Visert DoucLas

T is not always easy to appraise the influence of a man of science
who has achieved eminence in his chosen field. To do so be-
comes an almost impossible task when the scientist lays science
aside as his major interest and turns to the realm of psychic phe-
nomena. Thereafter many scientists look upon him with a feeling
of distrust, the average man is incredulous and makes disparaging
comments, while people least qualified to judge of the value and
significance of psychic research are loudest in their scorn and
ridicule. A scientific reputation built up by long years of arduous
labour and genuine achievement can suffer almost complete eclipse
in this way. Only a relatively few sober scholars will not be misled:
they will judge the scientific work at its true worth, undisturbed
by the subsequent or overlapping activities of the same man in the
psychic field. They will acknowledge his greatness even though
they may have little or no sympathy with investigation into occult
phenomena.

Among other names, those of Emanuel Swedenborg, William
Crooks and Oliver Lodge come to mind in this connection. How
far has the scientific reputation of each suffered because his name is
associated in the general mind with visions and revelations, with
mediums and seances? It is the influence of Lodge that particularly
interests me. I have heard some of the greatest scientists in the
University of Cambridge laugh at his preoccupation with psychic
phenomena and deride Raymond’s heavenly cigars, yet acknowledge
the greatness of Lodge the physicist. I have heard many people who
have never read Raymond, scoff at it as nonsense, and not one of
them when asked about the legitimate scientific work of its author,
even knew that he was an experimental physicist by training and
the leading pioneer worker in wireless telegraphy.

I have never read Raymond myself (being one of those who find
problems enough in the physical world), and I am no judge whatever
of the value of his contributions in that sphere of thought and experi-
ence. But if Lodge the spiritualist has had no marked influence
upon me, Lodge the man, and Lodge the man of science, have
influenced me considerably. It is for this reason that I have at-
tempted to recapture events of the past in order to present for any
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who may read what are apparently little known aspects of this
remarkable man.

Twenty-seven years ago an undergraduate paused to look at
the titles of the books displayed in a shop window. Man and the
Universe by Sir Oliver Lodge—what a title! And the name of the
author was a name to conjure with, because the student knew in a
vague way that this was the principal of a university, a physicist
and an educationalist, an active member of the Society for Psychical
Research, knighted while he was its president. The small book,
one of an English shilling series, was purchased and carried away
with a feeling of high expectancy and proud possession. Delving
into Section I, entitled “Science and Faith,” of which Chapter 1
was headed ‘“The Outstanding Controversy,” the undergraduate
was enthralled by the challenge with which contradictory points of
view were set forth and the unflinching courage of the man who
in those pages was seeking for the truth. Picking up a pencil, the
student marked certain passages; and then and there some of the
ideas of Sir Oliver Lodge made a lasting impression upon the mind
of one of his readers.

Today I hold in my hand this little volume and re-read some of
the marked passages:

This is the standing controversy. ... Is the world controlled by a living
Person, accessible to prayer, influenced by love, able and willing to foresee, to
intervene, to guide, and wistfully to lead without compulsion spirits that are in
some sort akin to Himself?

Or is the world a self-generated, self-controlling machine, complete and
fully organized for movement, either up or down, for progress or degeneration,
according to the chances of heredity and the influence of environment?. ..

Do we live in a universe permeated with life and mind: life and mind in-
dependent of matter and unlimited in individual duration? Or is life limited, in
space to the surface of planetary masses, and in time to the duration of the
material envelope essential to its manifestation? . . .

We are rising to the conviction that we are a part of nature and so a part of
God; that the whole creation . .. is working together towards some great end;
and that now, after ages of development, we have at length become conscious
portions of the great scheme and can cooperate in it with knowledge and with joy.

My thoughts go back along the years to the first time I read
these passages, and then forward again ten years to Cambridge on
a Sunday in February, 1923. Between King’s Parade and the
Market Place, is the historic gray church of St Edward the King,
a church of royal foundation, independent of the bishop of the
diocese and therefore free to invite whom it will to occupy its pulpit.

B TS ——
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Here it was that I first saw and heard Sir Oliver Lodge. And what
a man he was—like a commanding prophet of Israel he stood in
the pulpit, tall far beyond the average, magnificent in frame,
massive head, white hair and beard. From the text “I and the
Father are one;. .. the Father is greater than I,” out of what he
termed “the central chapter of the New Testament,” he preached
a sermon of stimulating interest and spiritual depth.

The following Monday night was as wild and wet, as dark and
dank, as a winter night in the fenland can be. A large college hall
was crowded with students. The chairman, Sir Ernest Rutherford,
and the Electrical Club’s guest speaker, Sir Oliver Lodge, were on
the platform. A brief introduction over, Sir Oliver rose to speak
on the subject, “The Foundations of Wireless.”” He told of the
vision opened before the minds of physicists by the mathematical
work of James Clerk Maxwell in his electromagnetic theory. He
himself was fired with the ambition to produce and to detect an
electromagnetic radiation of wave length so great that it could be
used for signalling. He stirred up the enthusiasm of scientific men
at every meeting where they gathered together, notably at the
British Association. Men in Great Britain, Ireland, France, Italy
and Germany were becominginterested. He himself wasat that time
a hard-working schoolmaster, his laboratory a shed, his equipment
meagre. He described his apparatus and experiments, and paid
his tribute to Hertz, who was the man to succeed first among so
many other experimenters who were working towards the same end.
He then discussed the stages by which these first successes were
followed up by one modification after another until the genius of
Marconi achieved transatlantic wireless telegraphy.

At the close of the address Sir Ernest Rutherford arose and paid
a glowing tribute to Oliver Lodge, the man of science, a great
teacher and a research physicist who had pioneered in an untrodden
region. He called it one of the chance tricks of fortune that it was
Hertz rather than Lodge to whom had fallen the honour of first
producing and detecting radio waves. Sir Oliver acknowledged the
chairman’s words and the storm of applause that had followed them,
and then, compelled by some inner urge, he spoke of those things
which, in his later years, were closest to his heart. It was a small
and perfect gem of a sermon to natural philosophers: with the
analogy of the spectrum providing a continuity in the relationships
of all the diverse radiations, he confidently hoped that there would
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be achieved a linking up of man’s experiences in the realms of fact
and of faith, a continuity of knowledge in the realms of the physical,
the psychical, and the spiritual.

A year later Sir Oliver happened to read an article in Discovery!
dealing with a recent investigation by Dr L. Silberstein on the
cosmological constant, R, the radius of curvature of space time.
He wrote to the author a letter which lies before me now. He was
then seventy-three years of age and for about twenty years his
main line of research had been no longer physics but psychical
phenomena; yet his lively appreciation of strictly physical science
is obvious in these pages, though his outlook as a physicist had not
gone much beyond the Kelvin epoch. The letter is reproduced
almost in full because of the light it throws upon the man who
wrote it. It is written from Normanton House, Lake, Salisbury,
and is dated October 13, 1924:

I too have been much interested in the new estimate of R, and cannot refrain
from thinking that it is much too small. But what interests me is not its magni-
tude, but the method of arriving at it, and the idea that it has possibly, not only
a real, but a calculable existence. I need hardly say that even as to its reality I
feel doubtful: it still has to make good its claim. 1 had seen some correspondence
in NaTURE about it; but it was your Article in Discovery which caused me to
give more special attention to that correspondence, and to the Papers in the
PuiL. Mac. So that ultimately I wrote to S. about it, and have recently received
quite an interesting reply. He sticks to his guns, and awaits further astronomical
data for confirmation.

These Relativity changes in time, apart from any gravitational cause, are
very curious: and it is difficult to discriminate between Appearance and Reality.
So far as our experiments and observations are concerned, appearance is what we
have to deal with: but philosophically we must deal with reality, if we can.

I don’t exactly envy, but I congratulate, you young Physicists on the pros-
pect before you. Physics has entered on a difficult but very interesting stage.
And what the outcome may be, no one, I suppose, is as yet able to predict. The
mathematical physicists who are now active are very brilliant: and though they
indulge in speculations alien to the old school of dynamics, and though I expect
Lord Kelvin would have been severely critical and perhaps contemptuous about
their work, I cannot but feel a strong interest in it, and wish that I had the time
and opportunity to go into these new matters more fully.

Meanwhile my business is to cling to the Ether as a sheet-anchor, and to
urge the younger men to try to work out the dynamics of the Ether. I have been
writing to Horace Lamb about it; not that he is a younger man, but because I
conjecture that some day a glorified hydrodynamics will solve the problem, and
that meanwhile efforts in that direction constitute a seed-plot containing within
itself the promise of future fruit.

1“Measuring the Universe” (Discovery, LVII, Sept., 1924).
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Six years later, when only a few months short (?f his eightigth
year, Sir Oliver was still keenly following advances in as.trop}.lys'lcs
and cosmology. He wrote to the author again, thls. time listing
the topics which had particularly interested. him in a current
magazine article>—‘‘several remarkable doctrines, the scattet"ed
matter throughout space, the rotation of the galaxy, the question
of an Ether, the finiteness of the Universe, and the still more
difficult notion of the expanding Universe.” .

Since the outbreak of war, at the age of eighty-nine years, Sir
Oliver Lodge went forth upon the new adventure to which it was
his firm belief that death is the portal. It was with a deep sadness
that I read the Canadian Press cablegram from London. It stated
that the misuse and abuse of scientific discovery whereby deat'h,
destruction and agony have stalked the earth, the sea and tl}e air,
as never before, had so oppressed the spirit of the aged scientist
that four years ago he had said “we know things that we should
never have known—things of the devil . . .,” and he had felt th.at
further scientific research should cease until man had learned wis-
dom in using what is already known. This is the attitude of an
old, tired workman, whose tools are now laid by, WhOSF strength
is almost gone, who sees what he has helped to fashlf)n put to
utterly wrong uses—and himself without the energy to rise up and
attack the evil forces around him. W. B. Yeats spoke very truly
in lines written when he too was scanning the world anguished and
torn once more by the brutal folly of fiendish men:

All things fall and are built again

And they who build them again are gay.
But Oliver Lodge had lived his life; he was old; rebuilding t.he
world was not for him, and faith in the ability of anyone to rebuild
it was at low ebb—he could not be gay. :

A far happier picture, an inspiring picture, and a later one, is

given by an associate and friend of many years, who obv101.131y
understood him and holds his memory in admiration and affection.
This picture is drawn by the sure and sympathetic pen of t‘he
Editor of the Hibbert Fournal. He quotes the very passage which
I had marked twenty-seven years ago and which is set forth near
the beginning of this article—but Dr L. P..]acks knevy, as I did
not, that it had originally appeared in 1902, in the first issue of the
Hibbert Fournal.

2“Between the Stars” (Atlantic Monthly, Jan., 1931).
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The opinion of the late Lord Rutherford is corroborated: “Before
all else and to the end of his life Lodge was a man of science’” and
“temperamentally a seeker for positive proof.” Lodge investigated
psychic evidence for the survival of human personality with earnest-
ness and patience, convincing himself finally that this was “a
scientifically attested fact.” But it was more than this, it was a
basic belief, that found utterance in his remark when drawing
towards the close of his life, “I shall soon be going upstairs.”
Phrases that are used by Dr Jacks in describing Lodge round out
the portrait: “the greatness of his heart . .., the elemental sim-
plicity of his character ..., strength that is made stronger by
gentleness . . . , a playfulness, a gaiety, a warmth of affection, . . .

at home, even in old age, among the dances and delights of the

young.” Finally there is this testimony: “In my last conversations
with him I found him closely attentive to the course of events in
these great and terrible days, but inwardly serene. The last phase
had the quality of an unclouded sunset . . . his figure was that of
an ancient prophet illumined by an inner radiance....” And
Dr Jacks closes his tribute with the words Sit mea anima cum illo.

Inwardly serene—even though enemy bombs were falling upon
the cities, towns and countryside, and around his own home. The
questioning, the despair, and the hopelessness of four years earlier
were gone, and faith in the ultimate upward trend of mankind had
reasserted itself. The conquests of science may be abused, but
the search for truth must not—and cannot by man’s very nature—
be discontinued. And so the old man could look out upon the
conflict, dream his dreams, and remain inwardly serene, content to
leave to the younger men the task of fighting to translate his dreams
and their visions into realities.
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SOME PROBLEMS IN EDUCATION

A. ViBert DoucLas

A
Dean of Women, and Iérofcssor of Astronomy
Queen’s University, Kingston, Ontario

There are many problems in education which are common
to both the U. S. A. and Canada. Both countries need more
teachers; both countries are endeavouring to attract the best
young men and women into the educational field; both coun-
tries are experimenting in methods of teacher training as well
as in schoolroom procedure and curricula; and both countries
have a tremendous up-hill task in attempting to overcome some
of the detrimental influences which surround our young people.

Upon two or three of these, I shall comment briefly, and I
shall begin with the last: One of the bad influences working
against education is the abuse of the radio in so very many
homes, where it is turned on and kept going continuously, a
blare of noise and sentiment intermingling with some good
programmes, news, and the ever-interrupting advertisements,
forming the background against which too many young people
are growing up, eating, talking, studying. Silence, so necessary
to rest the nervous system, is seldom experienced and the
nervous craving for a background of sound, any kind of sound,
makes silence unwelcome. Is this one reason why mental and
emotional instability are increasing, and our mental hospitals
crowded with neurasthenics? Our young people need to learn
the joy and peacefulness of silence, of quiet, yes, even of soli-
tude. They need to ponder over and gradually comprehend
the full meaning of Byron’s words,—"“In solitude when I am
least alone.”

Another deplorable influence is to be found in the omni-
present comic strip. Thousands upon thousands of children
throughout the length and breadth of our two countries go
down upon all fours, six days a week, if not seven, to pour over
the “funnies.” They read the dialogue, many of them spelling
out these illiterate words with a beginner’s difficulty. While
the kindergarten and early grades are trying to teach these
young citizens to speak and write grammatically, the day by
day influence of these cartoon stories is too often on the side of
utterly wrong words and pronunciations. “I should have
gone” becomes “I should of gone.” Shorten /ave to the Cock-



ney ‘ave, a contraction which is not limited to those born within
sound of Dick Whittington’s beloved Bowbells (only a sym-
bolic saying now, alas, since the 1940 bombing of London
destroyed that historic old Wren church)—but why, why, why
replace a verb by the preposition of# By this sort of illiteracy,
children are confused and misled. It is a great pity that old
fashioned grammar, with parsing and analysis, has gone out of
fashion in so many schools. In my opinion these form a mental
discipline and training in logical thinking comparable to a
good course in Euclid. There is so much loose thinking on the
part of young people and adults, so obvious a lack of ability
or inclination to think things through, that educators cannot
too greatly stress the importance of some rigorous basic train-
ing in early school years. My purpose in referring to the
comics is not primarily to draw attention to their subject
matter—some are full of homely wisdom or ironic wit, others
are slightly educative, many are utter sentimental or romantic
drivel and vulgarity. What I do stress here is the menace to
education in the wording—gonna, whatcha, otter uv,—and I ask
myself whether the comic aspect would be lost if the words
were less distorted. A few of these syndicated comics may
originate in Canada, but not many. Their detrimental influ-
ence upon children’s progress in learning and understanding
their language is constant and insidious, and presents a prob-
lem to which teachers in both the U. S. A. and Canada should
not be apathetic. Concerted action by national educational
bodies might be effective in this matter.

The problem of drawing larger numbers of able young men
and women into teaching is partly a financial one and partly
a matter of public opinion in this country. In Great Britain
one can approach a group of undergraduates and inquire as to
the professions towards which each is heading with some
expectation that the replies will include the word—School-
master. Furthermore, it will be said with pride in a great pro-
fession—not in any half apologetic tone, as though it were the
last resort of the man not ambitious enough to aim at law,
engineering, medicine or “big business”! In Canada we need
to educate our rural population, particularly, to realize that the
schoolmaster or schoolmistress is one of the greatest influences
upon their children and upon the future of our country. Until
the teacher is so recognized, many will be lost to the profession
who might otherwise have been eager to enter it.

Closely tied up with this community recognition is the
financial question. In too many rural districts in some of our
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Provinces, the salaries paid to teachers are a disgrace and an
insult to their calling. There is also the vexed question of the
lower salary scale for the woman teacher. It is extremely
interesting to learn that in the House of Commons in London
recently,,a labour amendment to the government education
bill, in which amendment equal pay for men and women
teachers was advocated, the Government was defeated—even
if only by one vote! This does not mean that equality is now
to be established in Great Britain—but it marks an advance in
public consciousness of the injustice to women teachers which
the lower salary scale perpetuates.

The processes of teaching can be likened to the filling of a
tank by means of a pump and pipe. There is a reservoir of
knowledge and from this by dint of hard work and much
exertion a certain minimum at least is transmitted under pres-
sure through the pipe, which is the School System, into the
tanks which are the school children. You think this an in-
adequate simile? Then let us try again. The process of teach-
ing is like the play of water from a hose when the nozzle is
fixed for spray. A child, like a tender plant or a sturdy sapling,
is sprayed with many droplets of knowledge. The fountain-
like effect can be made very attractive and it is hoped the child
will enjoy the shower bath and eagerly absorb learning as the
petals, leaves and roots of a plant absorb moisture from the
garden spray or the April shower. Is this, too, inadequate?
Education is actually not an intermittant process, but, like
breathing, it is continuous. ‘The Education of Henry Adams’
was a life-long process—everywhere he went, in every experi-
ence of life whether active or passive, the educational process
was operating. Thus we must stress the need for producing
a total environment in which the child lives, moves and has
his being, breathing in the knowledge of facts and of values,
of things useful and of things beautiful, as naturally as he
breathes the oxygen and the fragrance of grass, trees and
flowers in the air surrounding him.

Education of the whole Man for the whole of the experiences
of living is the ideal to be aimed at, an ideal stressed and
elaborated in the writings of that great proponent of sound
education in Great Britain, Dr. L. P. Jacks. To achieve this
we must train teachers who are themselves well educated, who
are enthusiastic about the whole task and challenge of educa-
tion, and who are versatile enough to vary their approach
according to the occasion, the subject matter, or the character
of the children as a group or as individuals.

3



I am a great believer in the value of tossing into the class-
room occasionally some idea or bit of information quite off the
beaten path, something which every child knows is not part of
a required course and therefore to be taken or left at will—a
quotation from an ancient thinker, an anecdote or bit of travel
lore, some recent achievement of science or’philosophical idea,
anything that is of such real interest to the teacher that he
burns to pass it on to others, and in doing so he pays his class
the compliment of treating them like intelligent adults. That
is how many a spark has been kindled, a dormant interest
aroused, a new Columbus launched upon what is for him at
least an unexplored sea of thought. Curiosity is a divinely
implanted characteristic of childhood and it is sheer tragedy
that too often, in the process of education, the attitude of an
impatient or unsympathetic parent or teacher results in deaden-
ing, dulling and all but killing this precious trait.

The late Master of Magdalen College, Cambridge, Dr. A. C.
Benson, once said that “it ought to be the first aim of educa-
tion to initiate the imagination of the young into the idea of
fellowship and to make the thought of selfish individualism
intolerable.” The greatest need in the world today is for more
and more people in every country who have been educated out
of selfish individualism, out of narrow nationalism, into a
world-consciousness and a sense of world wide responsibility
—men and women who are in a real sense world citizens.
Blindness to other people’s fine qualities, ignorance of the con-
tributions which they have made and are making to the prog-
ress of civilization, intolerance and prejudice, fear and selfish-
ness—these are the great obstacles to world peace. Herein
lies one of the greatest challenges to teachers. Theirs is the
task of breaking down these barriers and obstacles to inter-
national good will. Only teachers who are themselves world-
conscious can impart their vision and help to train a generation
of world citizens. To this end student teacher and graduate
teacher exchanges between the U. S. A. and Canada, and be-
tween our countries and Great Britain, continental Europe,
and South America, are of tremendous value and importance.
Every new step in this direction is to be welcomed and
encouraged, for it adds to the potential forces in the world
making for international understanding and good will. Educa-
tion for world citizenship is one of the prime necessities if we
would build and maintain a world at peace.

Printed in U.S.A.
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A. Vibert Douglas, M.B.E., M.Se. Communicated by Professor
Sir E. RureERFORD, F.R.S. '

(MS. received March 13, 1923. Read May 7, 1923.)

INTRODUCTION.

THE monumental work of the late Sir John Murray * and Dr Renard on
the examination and classification of deep-sea deposits has left little to
be desired either as regards methods or results. There was, however,
one respect in which they were handicapped—no satisfactory method
was known of ascertaining the distribution of sizes of the particles of
which a sample was composed.

In 1915 Dr Sven Odén+t of Upsala made known a method of soil
analysis whereby he obtained by a sedimentation process data from which
he could construct the distribution curve representing the relative propor-
tions of particles of various sizes. He later obtained from the Challenger
Office several samples of different types of deep-sea deposit which he
subjected to the same form of analysis. His results{ were of great
interest, not only because each type of clay or ooze showed a distinctive
form of curve, but also because the same type of deposit exhibited definite
peculiarities according to the ocean from which it had come.

On the return of the Quest (Shackleton-Rowett Antarctic Expedi-
tion, 1921-22) it was thought desirable by the Geologist of the expedition §
that the samples of deep-sea deposit which had been obtained in collabora-
tion with the Hydrographer and the Electrician || should be examined by
the above method. They were accordingly given to the writer for this
purpose.

OUTLINE OF METHOD.

One pan of a balance is placed near the bottom of a vessel containing
an aqueous suspension of the sample. By continuous weighing, the rate

* Report of Scientific Results of H.M.S. Challenger (1873-76). Deep-Sea Deposits
(1891).

+ International Reports on Pedology, vol. iv, p. 257, 1915. [Obtainable on loan, in
German, from the Ministry of Agriculture and Fisheries, 10 Whitehall Place, London,
S.W. 1.]

1 Proc. Roy. Soc. Edin., vol. xxxvi, p. 219, 1915-16.

§ G. Vibert Douglas, M.C., M.Sc.

| Commander F. A. Worsley, D.S.0,, 0.B.E., R.D., R.N.R., and J. D. Dell, C.P.O., R.N.
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of deposit on the pan is obtained, and this cumulative weight, P, is
plotted against the time, ¢, forming an “accumulation curve.”

The following points have been made by Dr Sven Odén:—(1) If the
height, A, of the water column above the pan be varied, the accumulation
curve for any given sample remains practically unaltered if the values of
¢ for the abscissa are reduced to some standard value of h—say 7 =10 cm.,
by the factor 10/A.

(2) The accumulation curve is independent of the total weight of
the sample, within reasonable limits, if P be expressed as the per cent.
of the total weight.

(3) Care must be taken to avoid or correct for temperature variations,
since the rate of fall of the particles varies inversely as the viscosity,
and for water the viscosity changes considerably with temperature.
(n=001307 at 10° C. to 001004 at 20° C.)

i ftnge

(4) The “effective radius” calculated from Stokes’ Law, ’U=§ g—+—>r2
"

has a real physical significance where the number of particles dealt
with is so great as to render the investigation statistical rather than
individual.

(5) From the accumulation curve, P=f(t), it is possible by a mathe-
matical analysis to obtain a function F(r) such that the area F(r)dr repre-
sents the proportion by weight of particles having effective radii between

oy ; 212 d?P 2t dP dz
the limits » and r4dr. It is found that F(r)= R

h ap ok
where z=log Ti and z=logt, the auxiliary curve (, ) being adaptable

for graphic treatment.

It has been objected by Professor C. G. Knott * that the use of Stokes’
Law may give entirely fallacious results due to the irregular shapes of
Phe particles, many of which may be of flat flaky form. This objection
1s emphasised by the recent success of Dr E. W. Wetherell + in photo-
graphing the tracks of flat solids falling through water. It has, never-
theless, seemed to the writer that it was worth while following
Odén’s method in view of the extraordinary consistency of the results,
the large number of particles involved,} and the fact that, especially in
globigerina ooze, the predominance of spheroidal forms is very marked.
(See Challenger Report, above referred to, plates xii-xv.)

* Proc. Roy. Soc. Edin., vol. XXXvi, p. 237 (1915-16).
t Nature, December 23, 1922, p. 845.

IIna .sam.ple of deposit weighing 10 gms., whose average density is 2'6 and whose
average radius is 20 4, the approximate number of particles is 108,
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EXPERIMENTAL ARRANGEMENT.

The apparatus employed by Odén depended on an automatic elec-
trical release whereby counterbalancing weights were introduced on to
the 2nd pan of the balance as the particles collected on the immersed
pan. The writer has substituted a very simple and apparently satis-
factory method of compensation, consisting of allowing one or more drops
of distilled water to fall, from a small orifice at the end of a drawn-out
glass tube joined to the base of an ordinary burette, into a small beaker
on the 2nd pan. The times when successive drops were required in order
to maintain a balance were noted, also the number of drops, and these
two items provide the data from which the accumulation curve can be
obtained. Readings were taken at intervals over 24 hours at least, and
then the major portion of the water was syphoned off and the amount
of undeposited residue obtained. To the cumulative total was added
the equivalent weight of the residue which would have settled on the
pan in time t =00, thus giving the total weight corresponding to the value
P =100 per cent.

It was found that the drops formed a sufficiently accurate scale of
weights; and by using a glass receptacle of very small diameter the
correction for evaporation during 24 hours was so small as to be practi-
cally negligible.

RESULTS.

Sixteen bottom samples were brought home by the Quest. They
included thirteen samples of pelagic deposits, of which seven con-
sisted of such minute quantities that when slides had been made
there was little or nothing left. The other six, however, varied from
10 gms. to 25 gms. Their densities were determined by means of a
pycnometer.

Sample Z. 2. Lat. 67° 40" S. Long. 17° 0’ E. 2356 fathoms—A
diatomaceous * ooze with considerable terrigenous material—particles of
magnetite and quartz with diameters of 0°06 cm. downwards. Mean density
2:53. 70 per cent. by weight is composed of particles with radii less
than 22 u (u=00001 cm.). The distribution curve shows the maximum
of smaller particles to be at about 2 and the minimum at about 14 .
2 per cent. had radii less than 07w, and was still in suspension after

24 hours.

% Mr R. Kirkpatrick of the British Museum (Nat. Hist.) has kindly examined the
micro-slides and named the deposits.
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Sample Z. 4. Lat. 69° 8 S. Long. 17° 11’ E. 1089 fathoms.—A
diatomaceous ooze free from coarse terrigenous particles but sprinkled
with very finely divided magnetite and quartz and containing a large
amount of excessively fine particles which keep the water opalescent
even after standing for several days. Mean density 2:67. 60 per cent.
by weight is composed of particles with radii less than about 22 4. The
curve indicates maxima at 06 x and at 4'4 u and a pronounced minimum
from 6 u to 8 u. 3 per cent. has radii less than 046 u, and had not settled
after 42 hours. This sample came from the furthest point south that
has been reached at that longitude.

Sample Z. 6. Lat. 66° 52" S. Long. 14° 27" E. 2341 fathoms.—A
diatomaceous ooze with considerable fine terrigenous material. Mean
density 275. 50 per cent. by weight is composed of particles having
radii less than about 23 . The curve shows a main maximum at about
6« and minimum at 11u. 4 per cent. has radii less than 057 u, and
had not fallen within 24 hours.

These three show certain common features:—(1) About half the weight
settles within the first 45 seconds (=10 cm.), and is composed of
particles having radii greater than 23 u. (2) Of the finer particles the
majority cluster about the sizes given by 2u<r<6u, and within this
range there are two maxima, this “kink” being a feature of all the
curves and appearing also in Odén’s curve for “Boden 117 Kosta.” (See
Pedology Report, above referred to, p. 298.)

Sample Z. 14. Lat. 39° 13" S. Long. 10° 28" W. 1880 fathoms.—A
globigerina ooze. Mean density 1°93. 70 per cent. by weight is composed
of particles having radii less than about 60u. The curve indicates
maxima at 2u and 45 «, and it runs fairly close to the abscissa through-
out the range 9u to 35 u, almost touching it at 28 4. 2 per cent. has
radii less than 0-8 u, and remained in suspension after 24 hours.

Sample Z. 15. Lat. 35° 40° S. Long. 5° 1" W. 1942 fathoms—A
globigerina ooze. Mean density 2:05. 50 per cent. by weight is made
up of particles with radii less than 43 u. It is evident from the curve
that there is maximum distribution between 2 u and 11 y, and there appear
to be no particles within the range 13'3 u to 152 u, beyond which the
curve begins to ascend gradually. 1'5 per cent. having radii less than
0-8 » had not settled in 24 hours.

Sample Z. 16. Lat. 35° 41" S. Long. 5° 10" W. 1989 fathoms.—A
globigerina ooze. Mean density 2:44. 63 per cent. by weight consists of
particles having radii less than 50 u, and these cluster chiefly around the
same range as in Z. 15. There are apparently no particles within the
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region 113 to 158 . 1-85 per cent. was found to have radii less than
065 u, and had not fallen after the elapse of 24 hours.

These three fall naturally into one group, and have the following
features in common :—(1) From 35 per cent. to 50 per cent. is composed
of relatively coarse particles falling within 25 seconds (A=10 cm.). (2)
Of the finer particles the distribution is greatest for 2u<r<1lu. (3) In
one case there are comparatively few, and in the other cases no particles
recorded having radii approximately 13 u to 15 u. This result is of special
interest because Odén found a complete absence of particles having
radii from 12 u to 20 u, for globigerina ooze from the Atlantic ocean, a
range embracing that obtained by the writer in the case of Z. 15 and Z. 16.
This suggests that this genus of Foraminifera is of two classes—* giants”
and “dwarfs ”—and that the former, at least, are not much affected by
the dissolvent action of sea-water, otherwise such a gap as that found
by Odén and in part confirmed by this investigation would be most
improbable.

In the following tables summarising the results shown graphically
below, the value of 7 is the mid-point of the interval dr corresponding to
the value of F(r), and is measured in terms of w as unit. The figures in
brackets are the percentages by weight remaining ungraded, and XF(7)dr
+ percentages ungraded =100 per cent.

In conclusion, the writer has pleasure in expressing gratitude to Pro-
fessor Sir E. Rutherford for permitting the carrying out of the investiga-
tion in the Cavendish Laboratory; to Dr C. T. Heycock for the loan of
a balance from the Metallurgical Department; and to Mr G. Vibert
Douglas, who provided the material and drew attention to the work of
Dr Sven Odén when suggesting the investigation.

CAVENDISH LABORATORY, CAMBRIDGE,
March 1923.

[TaBLE I.
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A Solution of Fault Problems

By G. Vieert Doucras* anp A. VIBERT DoucrLas**

(To be presented at the Annual Western Meeting, Vancouver, B.C., November, 1928)

T often happens that the field geologist encounters a fault in
ground where there is little to guide him with regard to the
throw, or vertical displacement, and the heave, or horizontal displace-
ment. The following construction gives both of these components
of the fault, and the writers hope that it may prove a help to others.
The construction is applicable to both normal and reversed faults.

Bricfly the procedure is as follows: Take a point which is common
to the faulted geological feature and to the fault plane and on the
downthrow side of the fault. Move this point in the horizontal
plane in the direction indicated by the fault striz. Rebat the point
down to the plane of the fault and obtain its throw. Next consider
the other side of the fault and truncate it down by the amount of the
throw just determined. Then project the line of the geological fea-
ture through to the trace of the fault-plane at the lower horizon.
The result is the relative positions of the two parts of the original
geological feature as severed by the fault.

In Figure 1, let us consider a typical normal fault, that is, a fault
in which the hanging-wall has gone down relative to the footwall.
This characteristic, or its alternative, the reversed fault, is deter-
mined by observation on the ground.

Let AB be the line of any geological feature such as the edge of
a dyke, vein, or bedded sediment. The plane of which 4B is the
trace may have any dip; in the present case let us say 70° right. Let
FF be the trace of a fault-plane which may have any dip, é; let us
say 35° left in this case.

Examination of the plane of the fault will often reveal striz
whose direction indicates the direction of motion of the hanging-

*Chief Geologist, Rio Tinto Co., Ltd., Huelva, Spain.
+*McGill University, Montreal.
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wall, whether normally down the fault-plane or obliquely. Let
a be the angle in the fault plane from the horizontal to the direction
of the striz.

Having measured o and § in the field, draw PM in Figure 1,
such that the angle FPM =a. Draw PX perpendicular to FF.
Taking the point M at any convenient distance along the line PM,
draw MH perpendicular to PX. The points P, M, H, X are thus all
in the horizontal*plane. Consider now the vertical plane, of which
PX is the horizontal trace, but for the ultimate simplicity of the
construction superimpose the following construction in this vertical
plane on the diagram already constructed: Draw PQ such that the
angle HPQ = 6. With P as centre, PH as radius, draw the circle
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Figure 1.
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cutting PQ in Z. Draw Z] perpendicular to PH. Produce JZ both
ways, forming the line F'F’. Thought of as passing through Z,
F'E’ is the trace of the fault plane at a depth JZ below the surface,
and the points M and H would both lie on this line if rebatted down
to the fault plane. When thought of as passing through J, F'F*is
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Figure 2.

the projection on the horizontal plane of the trace of the fault plane
at a depth JZ.

Draw MN perpendicular to F'F’. Then, just as the point H
corresponds to a point on the fault-plane vertically below ], so the
point M corresponds to a point on the fault-plane vertically below
N. Hence PN is the heave, its direction being given by the angle
FPN, and, as already indicated, JZ is the throw.
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The upthrow side of the fault should now be considered. Draw
PY normal to 4B and lay off the angle YPR equal to the dip of the
plane of the geological feature AB, in this particular case 70°. Find
the point R such that the vertical RG is equal to the throw JZ.
Project R parallel to 4B, thus finding the point K on F'F’. Thinking
now of the horizontal plane at depth JZ below the surface, K is the
point in this plane common both to the fault-plane and to the 4B
feature plane; hence A’K and NB’ are the severed portions of the
original feature AB.

In Figure 2, the construction is carried out for a reversed fault in
exactly the same manner as before. In this case the dip of AB is
taken to be 20° left and that of FF as 50° right. It must be remem-
bered, however, that here it is the footwall that is followed down and
not the hanging-wall as in the case of the normal fault, and hence
the severed portions of AB will be A’N and KB'.

The measurements which are made in the field are the distance
NK, the directions of AB and FF, the dip of the AB plane, the dip
of the fault-plane, and the angle « in the fault plane.

Figure 3.—Block diagram showing Normal Fault.

Points once at P and K have moved to P’ and K'.
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It is obvious from straightforward geometrical considerations
that the angle FPN determining the direction of the heave is given
by the relation

tan FPN — tana.cosé

(being thus independent of the length of PM used in the construc-
tion), so that, if preferred, PN could be drawn at once and NJ
drawn perpendicular to PX and produced backwards to meet PQ
in Z. The construction then follows as already given. The com-
pletely graphical method of finding the direction of PN, however,
has its evident advantages.

Although the extent of movement along PN is not at first known,
it will be seen that by carrying out this construction two or three
times to scale, the point N (or M) can be fixed so that the distance
NK does equal (to scale) the distance between the two features as
actually measured on the ground.

In conclusion, it may be noted that the angles, which are actually
measured from either K or N in the field, are here laid off from P in
AB, which represents the position of the geological feature before
faulting took plane. This method involves a simpler construction
than would be necessary if AB were to be found from the severed
portions at N and K. It is obvious that the position of the point P
has to be determined before the throw can be measured, for, by
definition, the throw is the total vertical displacement of two points
which were once one and the same.
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SOME EUROPEAN CONTRASTS

By A. ViserT DoUGLAS

HE impressions gained from a recent sojourn in the Bri-
tish Isles and a short visit to the continent resolve them-
selves into a series of striking contrasts.

One thinks of the desolation and destruction in London’s
bombed areas, the gaping voids, the jagged walls, the arched
cellars and deep basements where so much of London’s life was
lived and into which the passer-by now looks from a bus top
or over the neat brick walls that have been built around these
chasms. I see the burnt-out skeletons of historic churches; whole
blocks of dismal dwellings with every window gone, condemned
and deserted; the repetition of all this with endless variations
in other cities and in some rural districts. I see, too, the places
through which I passed in France—Calais, Boulogne, Lille, and
some suburbs of Paris—homes, factories, bridges and public
buildings blown up by the retreating foe or bombed by advanc-
ing victors; rows and rows of locomotives on sidings, out of
commission, awaiting repairs or the scrap-heap.

In contrast I see Zurich, Lausanne, Geneva, spotless and
beautiful; and Dublin in lovely Kire, land of many contradic-
tions and inconsistencies, tragic or laughable, where some are
proud of their neutrality and some ashamed, while others feel
that they served the cause of Great Britain best by maintaining
neutrality even while sending their sons and daughters by
the thousands into the British forces and providing food and
other supplies.

Another contrast is at the opposite extreme—devastated
Germany. This I could not see for myself, but it is spoken
of with awe and horror by many of our men and with a strange
excited satisfaction by Frenchmen. I talked with the train
porter as we left Calais for Bile, and expressed grief over the
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destruction in that old channel port, but his face, at first grim,
soon lightened as he said, “It is nothing, it is nothing to the
ruin of the German cities . . . you should see Kiel and Hamburg
and Mannheim . . . I have seen them. I was there. Nothing
is left . . . rien, rien, rien!”

Workers in UNRRA and officers recently back in Lon-
don from Germany speak of the sullen hatred in that once
proud and prosperous country. This heaving ocean of hatred
grows out of ruin, desolation, homelessness and increasing
want. Add to these the spectacle of four victor peoples dom-
inating the land in four separate zones, with no unified policy
for its future.

And all about Germany are the countries she attacked and
trampled with cruel heel, starving and enslaving their peoples
for five years that she herself might be strong. Sufferings
untold, cruelties diabolically conceived and executed, these
things have bitten deeply into Pole and Czech, French and
Belgian, Dutch and Norwegian. One sees their joy and relief
at being once more free men and women, able to speak their
minds, grateful for the evidences of friendship, sympathy and
help from Sweden and Switzerland, from the United States,
from Great Britain and the distant parts of the Common-
wealth. One sees these same peoples looking with loathing at
the German nation, and fearing the possibility of a British and
American policy that would favour rebuilding a strong Ger-
many, allowing her to retain the Saar and the Ruhr and thus
enabling her to re-arm for conquest. A citizen of Brussels
- spoke to me in this vein at Zurich: “It is not that we hate
indiyidual Germans, but it is the nature of the German nation.
They must be prevented from doing this again. We have suf-
fered too much, we know them—it must not be allowed to hap-
pen again.” So, too, spoke French students on the night train
to Paris—Bernard F—— and Jean S——, both law students;
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Jean L— and Armand de L—,both in engineering courses—
all four recently staying at a World Student Relief hostel and
only now able to return to their studies.

Jean I.—— was studying chemistry and physics in Paris
in 1940. He withdrew to Vichy territory and was ordered to
work in a factory. After some time he found himself about
to be transferred to Germany and realized that he had been
virtually working for Germany all the time. He took to the
forests, made his way to the Pyrenees, crossed into Spain, was
imprisoned three months and became ill from exposure and
privation. A transfer of nationals between Spain and North
Africa gave him his heart’s desire, a place in the Free French
Army. There he was trained in radar and from 1943 was
engaged in this work. Now at last strong again and filled
with ambition, he is about to pursue electrical engineering in
Paris. The other lads had likewise suffered and fought. One
of them was deported: of some two hundred in his group in
Germany only a few came back. These young men could
sometimes be gay and light-hearted, sometimes intensely seri-
ous. Vehemently they debated the Allies’ attitude towards
Germany, the merits and demerits of the proposed French
constitution, or short-wave radio equipment of one nation and
another. But back and back they would come to the future
of Germany: she must not be allowed to do this thing a third
time. Why did not Britain depose Franco? 1 tried to make
them see that there were sound arguments for our non-inter-
ference with Spanish internal affairs, but was overwhelmed
with a torrent of words: Great Britain wants the balance of
power; she wants a strong Germany for fear Trance turns
Communist; but France will not swing far to the left; just wait
for the voting on the constitution! And indeed the result was
good evidence that the majority do not want any dictatorial
one-party government.
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But the real answer to this demand for an impotent Ger-
many appears to go very deep into the interlocking industrial
and economic life of these Kuropean countries. One of the
most influential men in London, my old chief of 1916-'18 days,
sitting in his temporary office in the City, having been bombed
out of two offices, spoke very gravely of the chaos in Germany,
of the stark tragedy which is resulting from the lack of any
constructive common policy in the four zones, and of the in-
sanity of thinking that there can be a prosperous Kurope
around a weak, embittered Germany. As an example he cited
the great pre-war fertilizer industry of the French. They im-
ported Spanish iron sulphide, extracted the sulphur for the
manufacture of fertilizer, exported the iron to Germany and
much of the fertilizer to Germany and other countries. Now
France does not want the German iron industry to be restored,
but she must have some outlet for her iron. She has ordered
iron sulphide and then closed the Spanish border so that it
cannot be delivered. Meanwhile she and neighbouring coun-
tries, including Germany, need the fertilizer, if food produc-
tion is to meet the desperate want. Great Britain cannot long
continue to divert her foodstuffs to prevent famine in Western
Germany; she has sent over seed potatoes; but without agree-
ment regarding the present use of fertilizer in Germany an
inadequate crop of potatoes can be expected—and this when
the food-level in parts of Germany is falling to the danger-
point of starvation, with rapidly mounting hatred and lust
for revenge.

This is a gloomy picture. It is confirmed, however, by
men of first-hand experience in Germany, men of trained
minds and sober judgement. One such man, a professor whose
war service has given him four years of close observation, with
access to official records, is so weighed down by the tragic
mistakes that are being made by the victorious -nations, the
blind folly, stupidity, selfishness, jealousies and often corrup-
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tion, the failure to learn history’s lessons, that he can hardly
face the task of trying to talk to young students in the near
future.

But again there are contrasts. Hate, folly and indiffer-
ence on the one hand; but on the other faith, hope and charity.
Both in Zurich and in Geneva I found the latter three in rich
measure, and their flowerings are manifest in the courage and
renewed vigour of body and mind in thousands who have en-
dured great tribulation. The International Federation of Uni-
versity Women, bringing together its executive and its relief
and research fellowship committees for the first time since the
fateful August of 1939, met in one of the beautiful old guild-
houses of Zurich in April, 1946. There we rejoiced to see Dr.
Adamowicz, president of the I.F.U.W., who survived six
terrible years in Warsaw. Though frail and worn in appear-
ance, she has a strong and constant faith in international co-
Operation, and great hope for her own land. The chief ene-
mies of Poland to-day, she thinks, are those Poles in exile who
will not return because of their distrust of Russia. They are
needed, especially all well-educated Poles, to help build a new
Poland, to re-establish schools and universities which suffered
so appallingly under the German edict that “a slave people
need no higher education”. Ten new educational institutions
have now been opened. Teachers and students are placed in
the category of workers, so that they are assured of at least two
meals a day. Private enterprise is permitted on a small scale—
that is, it can employ up to fifty workers; larger concerns re-
quiring more than fifty must become nationalized. Medical
training is again advancing and gratitude was expressed to
the Swedish Federation of University Women for clothing
supplied to medical students.

The action of Canada and other countries in sending cloth-
ing, food and money for European relief has evoked warm



332 QUEEN’S QUARTERLY

appreciation. Much of the money now on hand from Aus-
tralia and Canada is to be used to bring to Great Britain for
even a few weeks university people from the occupied coun-
tries, where they have struggled for existence, cut off from the
outer world, during long and terrible years. One realized the
value of this in talking with such men and women in Switzer-
land and in England.

In the home of an eminent London surgeon, 1 met a
Dutch surgeon who had been invited to London for three
weeks. His sister is a physician, a specialist in tuberculosis,
which is rampant in the liberated countries. ‘Such men and
women need the refreshment which comes from change of seene
and from renewed contact with scientists of other lands, en-
abling them to catch up with the advances in their professional
fields and with the literature of their subjects. 'This Dutch
surgeon told of eating tulip bulbs and various roots. He told
also of the man-hunt in a certain town where his sister and her
husband lived, when the Germans rounded up twelve hundred
persons and sent them into Germany as slave labourers: only
fifteen have returned, and they are decrepit or insane. He
described how he hid his radio and how he and his family lis-
tened almost daily to the BBC’s Dutch broadeast, how the
sound of Big Ben became the symbol of their hope of liberation,
and how when he stood at last in the London streets and heard
Big Ben strike the hour, it had brought a lump into his throat.
No words can tell what freedom means to such people.

In Geneva I was privileged to sit in at a meeting of
‘World Student Relief, which coordinates and directs the activi-
ties of three international student bodies. Country after coun-
try was passed in review and the needs of the students outlined.
A grant had been made to help Norwegian students in three
cities. Now they are organized and are not only looking after
their own needy members, but, particularly in Bergen, they
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are planning actively to send aid to students in countries far
worse off, such as Poland and Czechoslovakia. In this latter
country everything was lacking but the will to resume univer-
sity work. Norwegian student groups sent writing-paper,
Danish groups sent food-parcels, Swedish students sent cloth-
ing and shoes; books are going from Great Britain, the United
States and from Geneva. To the students of Holland Sweden
has sent bicycles, shoes, raincoats and clothing. A student
foyer has been started in Athens and efforts to get in food,
clothing and books are partly successful, though delays of
six months in transportation have hindered progress. With
the codperation of UNRRA, furniture and equipment for this
student centre were obtained. Similar student foyers have
been established in other countries where student life had been
almost completely stamped out or driven underground.

Leaving Geneva early one morning I journeyed to the
other end of the lake into the magnificent Upper Rhone valley
to Aigle, and thence by cog railway a thousand feet up the
mountainside to a green ledge where the scattered village of
Leysin faces across- the valley to the Dents du Midi. Here
Doctor and Mrs. Louis C. Vautier preside over the Sanatorium
Universitaire, to the development of which as an international
institution they have given everything they possess. Here in
four special houses World Student Relief has brought students
of seven nations who have developed tuberculosis through
hunger, exposure and overwork. In each case there is expecta-
tion of recovery; patients are encouraged to study a little at
first, but overwork is discouraged as health and vitality im-
prove.

Here I talked with a French law student who had just
then passed his examination for the Paris doctorate. The
prison camp of Buchenwald had left its mark upon him and,
though he was still confined to bed, his-zeal to advance in study
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and his appreciation of the opportunities afforded him were
earnest and moving. Here, too, were young Dutch economists
and medical students from the resistance movement, a group
well enough to be allowed up for lunch, which I was invited
to share. One tall fair lad had been through bad years after
capture and removal to an unusually brutal prison camp.

The Student Rehabilitation Hostel in Haute Savoie also
is financed with the money collected by university students on
this continent, in Great Britain and elsewhere. It is run on
cooperative lines, with medical supervision. Some 250 young
men and women, students or graduates, physically and men-
tally exhausted-by the hardships undergone in the resistance
movements or in prison and labour camps, have been given
from one to three months here in an atmosphere of friendliness,
mutual understanding and helpfulness.

Of only two of these shall I write, though many faces
come to mind. Madeleine N—, handsome dark Parisian, doctor
of dental surgery, caught aiding the escape of allied airmen
who had crashed in France, was deported, shamefully treated
in the labour camp, forced to work in a mine, was
undernourished, nursed back from typhus, and put to work
with pick and shovel on a new airfield. She saw her comrades
who could not do the day’s tasks combed out and marked down
for the gas-chamber. Liberated by the Russians and returned
to France, she collapsed through overstrain of the heart and
lungs. Not until then did she learn that her husband, taken
prisoner in 1939, had been shot in Cologne in 1941. But there
were great faith and burning hope in those dark eyes and the
will to get well again—if not strong enough to resume her
profession, at least well enough to take a secretarial post in
some organization promoting international understanding.

I see also the face of Jacques B—, stocky medical student
from Southern France. He had three years of study while
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the underground movement developed. He became more and
more involved in its operations until suspicion rested upon him
so heavily that he had to disappear into the hills and forests.
Eventually he made his way into the Fighting French Army
and served in the Tank Corps, was wounded and taken pris-
oner, was sent to Germany, put to work, fell sick and was found
in the prison hospital when liberation came. There at the
Chélet des Etudiants at Combloux he is slowly regaining
vitality and preparing for his final studies at the medical col-
lege in Liyons. Gentle, cultured, kindly and sympathetic, this
young Frenchman was an inspiration to all the students there
who had suffered as much as or more than himself. Like the
Good Physician he has that rare ability to give sufferers the
quietness and confidence that are strength.

With a group of these students I stood on their balcony
and looked southward towards Mont Blanc. Out of a deep-
shadowed valley it rose with massive grandeur, its ice-crowned
summit thrust upward into the sunlight or more often into the
shining mists made by its very presence out of transparent air-
mists which condense upon the mountain slopes and supply
the moisture that eventually flows out from the glaciers, down
the valleys, across the plains, and makes fertile much of south-
ern France. I turned and looked at the young men and women
about me. They have risen above the valley of the shadow of
death; their eyes are steady, their minds keen, their spirits
awake. Even as the mists about the mountain-top, their
visions may yet become streams and rivers that will be for the
healing of the nations.
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SPECTROSCOPIC ABSOLUTE MAGNITUDES AND
PARALLAXES OF 200 A-TYPE STARS

By A. VIBERT DOUGLAS

ABSTRACT

The spectroscopic absolute magnitudes and parallaxes of 200 A stars have
been determined.

The material used was the large collection of 1-prism slit spectrograms of
the Yerkes Observatory. Eighty stars having reliable trigonometric or cluster
parallaxes were made the basis of calibration and seven criteria have been found
giving correlations with absolute magnitude, namely—width of K, H6, N4481,
and intensity ratios N4215/N4227, N4233 /4227, N4535/\4481, N4549/N4481.

Relative to the standard stars, the systematic error of the magnitudes is
—0.04 and the probable error +0.5. Relative to 108 Mt. Wilson spectroscopic
magnitudes the systematic error is +40.09 and the probable error +0.3.

The Shajn Double Star test applied to 12 pairs gives satisfactory evidence
in favour of the accuracy of the magnitudes. The magnitudes show correlation
with proper motion but not with reduced proper motion.

A comparison is given between Mt. Wilson, Arcetri and the writer's average
magnitudes for each spectral subdivision and evidence is given in support of
the claim that the magnitudes herein determined have greater individual accuracy
than can be obtained by adopting the mean magnitude method.

INTRODUCTION

During the summer of 1925 the writer held an appointment as
Volunteer Research Assistant for four months at the Yerkes
Observatory, Williams Bay, Wis. The Director, Dr. E. B. Frost,
offered the writer, as a research problem, the determination of the
spectroscopic absolute magnitudes and parallaxes of A-type stars.
For this purpose there were available several thousand spectro-
grams of about 500 stars of spectral classification AQ to A9, or
taking the next sub-class above and below, B9 to FO. A selection
from these was to be made including as many stars as possible for
which reliable group or trigonometric parallaxes were available,
these to form the basis of calibration.
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All these spectrograms were taken at the Yerkes Observatory
with the 40-inch refractor and Bruce Spectrograph attachment.,
They are 1-prism spectrograms having a dispersion of 30A to the
millimetre at N\500, while from HB to He approximately 691A,
is 33 mm.

This problem presented many features of interest and of difficulty,
for though considerable work has been done on spectroscopic
magnitudes of the later type stars (F, G, K, M), comparatively
little has been done upon spectra of Class A. In later type spectra
(viz., F to M) there are many metallic lines; in spectra earlier in
type than A (viz., B stars) there are helium lines, hydrogen lines
and spark lines of silicon and of a few other elements; but in the
spectra of early A stars, especially A0, there are comparatively
few lines well defined with the exception of strong hydrogen lines
and the H and K lines of ionized calcium.

Table I summarizes the criteria upon which other investigators
have depended in their determinations of spectroscopic absolute
magnitudes, and for the sake of completeness the criteria used in
the present investigation are included:

TABLE I
Spec. Class Investigator Ref. Criteria
B Adams, Joy 3  Correlation with spectral class based

chiefly on helium and hydrogen lines
as in Harvard system, but with
“nebulous’ and ““sharp’ subdivisions

B Edwards 4  A\4471, 4388 (helium) with Hy, N\d144
8 (helium) with Hé
6
B8-A3 Lindblad 8  Comparison of regions A\3884-3907 and
AN3907-3935
B9-A9 Adams, Joy 2  Correlation with spectral class based
chiefly on AA\4026, 4471 (helium) and
A\4326, 4384 (Fe)
A Struve 9  Width of N4481 (Mg™)

A Douglas —  Width of Hj, K, A\4481; intensity ratios
from ANN4215, 4227, 4233, 4481, 4535,
4549
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TABLE I—Continued

Spec. Class Investigator Ref. Criteria

A-F5 Abetti 10  Correlation with spectral class involving
trigonometrical, cluster, and all avail-
able spectroscopic data from Mt,
Wilson, Victoria, Sidmouth and Arce-
tri

F-M Adams, Joy, etc. 1  Selected ratios from AN4072, 4077, 4215,
4250, 4271, 4290, 4455, 4462.

F-M Lindblad 7  Arc line A3900; Cyanogen bands AN4144-
4184, 4227-4272, 3993

F-M Rimmer 11  Selected ratios from A\4072, 4077, 4215,
4227, 4250, 4271, 4290, 4444, 4455,
4462

F-M Young, Harper 12 Selected ratios from AN4072, 4077, 4162,

4168, 4215, 4247, 4250, 4258, 4271,
4290, 4455, 4482, 4489, 4494, 4496, etc.

F-M Macklin 13  Selected ratios from A\4174, 4227, 4290,
4326, 4387, 4444

Examination of the Yerkes spectrograms made it evident that
new criteria would have to be sought.

The comparison of the density of the regions used with such
success by Lindblad is ruled out in the present case because the
range of the Yerkes 1-prism plates is from just to the red of HB
to just to the violet of K, approximately A900 to A3920. Thus
the bands at A\\3884, 3907 are beyond the range of these spectro-
grams.

The widths of the hydrogen lines should, theoretically, show
a correlation, but that this extends throughout the range of A
spectra is doubted by Harvard investigators., 3, For the early
A stars, however, the writer felt that this line of attack should not
be ignored. Likewise the width of A4481 correlated with luminos-
ity by Struve?® for 36 stars of types A0 to FO appeared to warrant
careful consideration.

In order to gain familiarity with spectra of this type and to
find if possible new criteria upon which to work, the writer made a
random selection of plates covering a wide range of absolute
magnitudes as determined by Adams. These were studied in
pairs on the Hartmann Spectrocomparator which allows of the
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simultaneous view under magnification and equal illumination of
the two spectra in exact contiguity throughout their entire range.
The result of the preliminary study and measurements was that
the following criteria were adopted:

(1) Widths of 481, Hs, K.

4215 4233 4535 4549
4227 4227 4481° 4481

(2) Intensity ratios:

AR

CORRELATION CURVES

) Methods.—In order to avoid any conscious or unconscious bias
in the measurements and intensity estimates, the writer decided
to make no reductions whatever until all the measurements had
been made. The required data for a sufficiently large number of
stars were obtained before leaving Yerkes Observatory in Sep-
tember, 1925, and the compilation and reduction of this data was
commenced subsequently. Thus the correlations which have
been obtained are felt to be free from prejudice and subject only
to the personal factor which is inevitable in all such work.

- The number of spectrograms of any one star varied from one
in comparatively few cases to several score in certain cases of
spectroscopic binaries where orbit determination had necessitated
many plates being taken. Usually there were several plates and
of these the two best were selected, special effort being made to
get good definition at the extreme left—the H and K region.
After preliminary examination under low power magnification to
establish the essential similarity of the two, one was selected for
final measurement. Where there were distinct differences between
the two, both were measured and other plates of the same star
examined. Cases of uncertainty were generally attributable to
spectroscopic binary effects where considerable care was necessary
lest apparent breadth of line was a result of Doppler displacement
.rather than an effect of the kind sought. The final measurement,
in general, of one plate for each star has obvious advantages and,
apart from the writer's own tests, it appears justified by the con-

Absolute Magnitude of 200 A-Type Stars. 269

sistency of records of the widths of Hy and H§ made from different
plates of the same star by means of a Moll microphotometer.

The measurement of line widths involves a large uncertainty
where the lines are wide and nebulous; in particular, in the A
stars, the “wings” of the hydrogen lines are a very prominent
feature of these spectra and it is a matter of individual opinion as
to where the “line” begins and ends. All that can be hoped is
that the measures made by one individual with magnification and
illumination kept approximately uniform, will be consistent
within themselves.

The measurement or estimate of line intensity presents diffi-
culties which different investigators have sought to overcome in
various ways. The writer depended solely on eye estimates
endeavouring always to integrate mentally the total intensity
from wings to line centre. It is this integrated intensity that is
really sought and not merely the central maximum intensity ob-
tained by wedge extinction methods. Eye estimates are relied
upon in much of the work of Harvard investigators, even where
the comparisons are made between lines on different plates. In
the present case, however, comparisons were made only between
closely adjacent lines on the same plate, and for this purpose
an eye-piece giving magnification 3 was used.

The widths of lines were measured on a Gaertner machine under
magnification 15. In order to eliminate temperature or other
effects causing lack of complete uniformity in dispersion a factor
was recorded for every plate measured, namely the distance
between the titanium-iron spark comparison lines A\3963-3969,
or when these were indistinct, A\\3981-3998. All measured widths
were subsequently reduced to the standard given by the average
plate factor 0.370 mm. in the former and 0.950 mm. in the latter
case.

Each plate was weighted at the time of measurement on the
basis: Good 3, Fair 2, Poor 1. Where the plate was not equally
good throughout, separate weights were recorded for the different
regions as required. ‘

Known Parallaxes.—The stars for which data had been obtained
included 31 belonging to the Taurus and Ursa Major Clusters for
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which reliable parallaxes were available from the work of Ras-
muson ;'* also 49 for which trigonometrical parallaxes were given
in Schlesinger’s General Catalogue of Parallaxes.® The Cluster
paralla)fes being absolute were used as they stand,!® the trigo-
nometric parallaxes however are differential, but 35 were made use
of by W. S. Adams? and his value for the corresponding absolute
parallax was taken in each case, the remaining 11 were reduced
to absolute by the addition of an average factor +0”.004.17 Of
thes”e 49, only one had a negative parallax and as it had the value
-0 .003.the reduction to absolute brought it up to +0".001
thus (?bV1ating any necessity of having to introduce the effec.t of
negative parallaxes into the reduction of the data.

T}}ese 80 stars formed the basis upon which the absolute
magnitude relations were determined.

Absolute Magnitude.—The absolute magnitude of each of
these stars was calculated from the relation
M=m+5+5 log p
wherg M and m are the absolute and apparent magnitudes re-
spectively and p the absolute parallax. The values of m were

taker.l in every case from the Henry Draper Catalogue—photo-
metric magnitude.

Spectr.al Classification.—In assigning the spectral class to each
star stqdled, the writer was definitely influenced and guided by the
1\"[t. Wilson cl'assiﬁcation rather than the Harvard H. D. classifica-
txon.. Following the lead of the Mt. Wilson investigators, the writer
clasmﬁefi a]l' the spectrograms studied as s or # accorc{ing as the
absorption lines were sharp, narrow and clean cut or nebulous, wide
and hazy. It seemed evident from the outset that there’ were
many spectra which could not be said to be either definitely sharp
or decidedly nebulous; these were labelled 7s or sn and put with
the group \.vhich they most resembled.
and’l;,h:t::-:::dd}fmqed to carry out separate reductions for the s
e aving dO{le these.qulte independently the resulting

es should provide unbiased evidence as to whether this grouping

:I:: Sssa physical reality or whether the stars form a homogeneous
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Reduction Procedure—With absolute magnitude as abscissae
and either line width or intensity ratio as ordinates, plots were
made for each of the seven criteria in the case of the n-stars and
likewise for the s-stars, fourteen plots in all. Cluster stars were
differentiated from trigonometric parallax stars so that any syste-
matic difference would become apparent. As was hoped, no such
effect was evident.

It was at once apparent that no correlation existed in the case
of H8(n). In the other thirteen cases the points were seen to
fall into definite groups and so for each group mean points were
computed and the lines of closest fit drawn in. In every case
where more than one curve was required to represent the data on
either the s or # graph or on both, it was found by superposition
of the graphs afterwards that an s and 7 curve practically coin-
cided. Hence the final curves take the forms shown in Figures 1-7.

Systematic Errors.—The absolute magnitudes of the stars used
in establishing the curves were redetermined from the curves.
Weights were assigned to the estimate from each of the seven
criteria based upon its apparent reliability and then the mean
magnitude calculated. Comparison was made for each criterion
separately with the standard value (cluster or trigonometric), and
wherever possible with Adams’ value.

In the tables the symbols used have the following significance:

S =the standard value of absolute magnitude whether dependent upon
cluster or trigonometric parallax.

A =the spectroscopic absolute magnitude, as determined at Mt. Wilson.

D =ditto, as determined by the writer, from all the criteria applicable.

=ditto, as determined by the writer from width of K.

=ditto, from width of Hé.

=ditto, from width of N4481.

=ditto, from Ratio N4215/\4227.

=ditto, from Ratio \4233/A\4227.

=ditto, from Ratio A4535/A\4481.

=ditto, from Ratio N4549/\4481.

=Weight (number of stars).

=systematic error.

=probable error.

Hmle@c:\rhwto»—a
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TABLE II

SYSTEMATIC ERRORS

Comparison e N Comparison e N
S-1 —=0.01 65 A-1 0.33 56_
S—2 0.05 30 A-2 0.45 26
S=3 —=0.10 50 A-3 0.25 40
S—4 0.30 26 A—4 0.54 19
S—-5 —0.01 50 A-5 0.26 42
S—6 —0.34 43 A—6 0‘10 34
S—-7 —0.28 50 A-7 0:00 42

. E‘hl;s information, together with that given in the section on
Sero able Errors, led to an adjustment of some of the curves
parate n and s corrections being applied as indicated in Table III.

TABLE III

SySTEMATIC CORRECIIONS

Criterion 5 &
! 0.2 —0.1

= 0.0 0.0

4 0.0 0.0

; 0.4 —0.2
—0.2 0.0

6 =02 —0.2

7 -0.2 —0.2

WaSA::é'uiiL;g’IFg these corrections the weighted mean magnitude
P ot thort each star and the systematic error determined.
Shbes i o ?Boneﬁstar ‘was largely responsible for the error
yiatallor & negcd e 06) is the. one for which the differential
439 thatg thve, it se.emed fair to omit it from the total and
TR the reS_UIt{Ug low val.ue of the systematic error
T I(:/ C;llterla were Sfitlsfactory from this point of
Moo WG T the value of ¢ is given both with and without

: t may be remarked that for this star the absolute
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magnitude derived from the absolute parallax +0”.001 and ap-
parent magnitude 5.4 is —4.6, whereas the writer’s determination
is +0.5. It is not included in the Mt. Wilson list.

TABLE 1V
COMPARISON OF SYSTEMATIC ERRORS
e N Remarks
S—-D —0.11 74 Boss 606 included
S-D —0.04 73 Boss 606 excluded
S—A —0.16 69 Boss 606 excluded
A-D +0.15 66 Boss 606 excluded

Probable Errors.—The average error, or mean deviation, was
found for each star with respect to each estimate individually and
to the weighted mean. In Table V the probable errors'® corre-
sponding to these average errors are set forth. Boss 606 is not
included; if it were the errors would all be increased by 5% to 109,.

TABLE V

SUMMARY OF PROBABLE ERRORS

r N Remarks
S—1 +0.75 64
S—2 0.59 30
S—3 0.67 49
S—4 0.74 26
S—5 Q.57 49
S—6 0.67 42
S—7 0.76 49
S—-D 0.52 73
S—A 0.60 69
A-D 0.45 65
S-D 0_%8_ 71 Boss 3960, 6031 omitted
S—A 0.57 67 Boss 3960, 6031 omitted

It is gratifying to find that the probable error of the luminosities
determined in the present investigation is somewhat less than that
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of the Mt. Wilson results. In their determination of luminosities
of later type stars the probable errors vary for various types from
+0.64 to +0.00, the average probable error being given as
4+0™.40.1 That the corresponding figure in the case of the more
difficult A type stars should be as low as +0™.5 seems to be all
that can be hoped for at the present stage of our knowledge of the

comp'1e>l( conditions which evidently exist in atmospheres of stars
of this interesting class.

Theoretical Considerations—While it must be explicitly under-
§t09d that the relationships that have been obtained are empirical
it 1s.also to be remembered that there is a theoretical basis fo;
relationships of the kind found. Considering first the question

of the 'wia?th of an absorption line, there are at least four points to
be taken into account:

(@) Minimum width

(b) Doppler widening

(¢) Rayleigh scattering

(d) Stark effect.

(.a). For a given instrument and a given slit width, there is
a minimum width to be expected for an absorption line of any
given wave length. For the Bruce Spectrograph with slit width

.05 mm. and the ratio f/D=19 the minimum width of A\4481

on a %-prlsm plate has been calculated by O. Struve?® to be 0.68A.
This is based upon the theories of Schuster?® and Newall?! who
ﬁfld that two lines cannot be resolved into separate lines if the
difference in the wave length, dX\ is less than \/P or at most, \/2P
where P the pu1:ity of the spectrum is some fraction of the re,solving’
power, R. This f=pR where 0<p<1. If the slit were of in-
ﬁmtt_ely narrow width then p=1 and P=R. For the case under
consideration, the value of P is believed to lie between 1/6 and
1/7. A glance at the graphs (Figs. 1-3) shows that the lowest
measureq values are just about at the calculated minimum, the
great majority lying well above. '
shifEZ)di\e ltlnet }znay be considerab.ly widened as a result of Doppler
g Tho ! ehj[ra.nslatory motlo.n of the radiating and absorbing
- : h at this is not t}Te main cause of widening is evident
rom the observed fact that line width tends to increase as tempera-
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ture decreases and pressure increases in the stellar atmosphere.
If the widening were chiefly dependent upon thermal agitation
the reverse would be true. Stewart,? following the treatment of
this question by Lorentz, believes the Doppler effect to be negligible
except in the case of hydrogen where it may become appreciable
though not dominant.

(¢) An important factor in producing width is undoubtedly
Rayleigh scattering, “‘the intrinsic lack of sharpness in the ‘tuning’
of the active (scattering) molecules.”” This does not involve
“absorption’’ in the restricted use of the word advocated by
Stewart® who limits absorption to cases involving transformation
of radiant to thermal energy. Scattering does not involve such
transformation. The radiant energy taken up momentarily by
an atom is re-radiated without important change in frequency and
the resultant opacity is due to diffusion in direction of the incident
beam of radiation.

Stewart deduces the relation for line width A

A=5.8 10-3\/Vn
where 7 is the number of atoms in a column of 1 cm? cross section
in the line of sight above the reversing layer. Thus it is evident
that the greater the density of the stellar atmosphere the greater
the width of the absorption line, a relation borne out by the graphs
in Figs. 1-3.

(d) Merton?* was perhaps the first to draw attention to the
broadening effect which will be produced in star spectra by the
natural influences of their own electric and magnetic fields upon the
radiating and absorbing particles. Conditions in the stellar
atmosphere, producing closer packing and frequent collisions will
thus be accompanied by widening of the absorption lines due to
Stark effect and to abnormal electron orbit distortions.

Hulbert* has discussed the breadth of the Balmer lines of
hydrogen in the stellar spectra by combining the Stark theory
with the Saha theory of high temperature ionization. He finds
that the observed width in A-type stars far exceeds the theoretical
width unless either the pressure is equivalent to several atmos-
pheres or there are a very large number of free electrons present.
The former assumption is ruled out on many astrophysical grounds,
the latter is quite admissible.




280 A. Vibert Douglas

The effect of stellar rotation may well be a disturbing factor.
Lack of observational data renders the question incapable of
rigorous treatment, but it may be pointed out that the rate of
rotation would tend to increase as a star lost mass through radiation.
It is however linear velocity at the extremity of a diameter and
not merely angular velocity that affects line width and furthermore
'the orientation of the star relative to the line of sight is of the utmost
mmportance.

Other causes of broadening are mentioned by Rayleigh,® 27 a5,
for example, the possible rotation of the radiating particles, but
it is probable that in general none of these effects become of primary
mmportance.

.When we come to investigate the theoretical basis for corre-
lations such as those in Figs. 4-7, the ratio is found, in every case
to be that of an arc to a spark line or vice versa. Indeed thesé
lines were selected with this in mind, because it is an obvious fact
th.at conditions which weaken an arc line may enhance a line
arlsing from an ionized atom. In the early type stars where
effective temperature is high and pressure low there is a high
degree of ionization, and the proportion of neutral atoms is low.
As pressure increases and temperature falls, which corresponds
roug.hly to lower luminosity, the amount of ionization falls off and
the intensity of the arc lines is increased. This increase will, of
course, not continue indefinitely, there being a definite set of con-
ditions corresponding to maximum intensity for any line. Fowler
and Milne, 2% have evaluated this in terms of the ionization
potential, the energy of the given excited state, the partial electron
pressure and various constants.

The lines involved in this investigation are the following:

)\.4215.5 is due to once ionized strontium and has the series rela-
tion! 1s%—1p2,

5 M226.7 from the normal calcium atom has the series relation
1S—1P. 'It grows gradually stronger through the A, F, G, M
stars. It is unblended and a very satisfactory basis for comparison.

4)\4233 is less simple. It is a blend of ionized iron (Fe™ A4233.16)
2p*—1d", and normal iron (Fe N\4233.6) 1d’"—md". In general its
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behaviour is that of a spark line in the A stars, but an occasional
anomalous intensity may be due to complications arising from
the blend. Near it are two manganese lines N\4235.2, A\4235.1 of
type 1d*—1p"; but blending with these could only occur in extreme
cases of stars having line characteristic 7.

481 arising from ionized magnesium has series relation
2d2—3f2. It is a close doublet A\4481.33, 4481.13. It is an ad-
mirable line to study being visible on every spectrogram and well
situated in the region of best definition and intensity. It is said
to reach maximum?® at A2, its subsequent rise being attributed by
C. H. Payne to blending with iron which predominates in the
cooler stars. As the present writer is not interested in relative
intensities of any one line at different spectral classes but in ratios
of two lines, it is sufficient for the present purpose that the intensity
of N4481 increases less rapidly than the intensity of M535 and
A4549.

535 is due to neutral titanium. (1f5—2f"%) Four Ti lines
seem to fall close together here: \\4536.00, 4535.92, 4535.58, 4534.78,
the last two being the strongest according to laboratory intensity
estimates.

M549 appears to be a blend of lines of different kinds; neutral
titanium gives rise to A4548.77 (1f5—2f’5) of laboratory intensity
(35), while ionized titanium has a line at \4549.64 (1h2—1g")
intensity (25) and ionized iron gives \4549.48 (2f2—1d™) intensity
(4). Adams describes this line as Fe™ Tit but the writer’s data go
to prove that the blend as a whole behaves as an unionized line,
the ratio AM549/\4481 growing greater as luminosity diminishes.

Thus it is to be expected that the ratios A4215/A4227 and
M233/2\4227 will have a negative slope, whereas the ratios \4535/
2481 and M549/2\4481 will have a positive slope as in Figs. 4-7.
There is certainly no theoretical basis for straight line relations, but
the data at the writer’s disposal warranted no other more compli-
cated representation.

Correlation Curves—The writer believes this to be the first time
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that definite relations have been obtained for the width of K and
the width of Hé with absolute magnitude. That these are real
relations seems undoubted.

In the case of Fig. 1 the Bravais-Pearson correlation coefficient
has been evaluated for each curve. Let x be the deviation of
the individual star magnitudes from the weighted mean and y the
corresponding deviation of line width, then the correlation coefficient
is given by

2xy

Va2, 2?
In the case of Fig. 2, it has been evaluated for the main curve
(A0—F0). The results are as follows:

Width K (n) 0.67 Prob. error +0.067
8. il 5 (5 0L67 allts ‘o 40.063
‘““ Hs(A0— F0) 0.68 “ ‘O 40.074

In the application of all these correlation curves, it is evident
that uncertainty may easily arise as a result of their multiple
character. In general, it has been found that a glance at the
spectrogram, or the brief description of it on the writer’s records,
was sufficient to indicate the general brightness and hence to
determine which curve was most applicable in the case of each
criterion. Where uncertainty remained, and either one of two
curves seemed equally applicable, the usual procedure adopted
was to take the mean, and in general to weight this lower than
unique values from other criteria.

' These curves are definitely 7ot built up upon spectral classifica-
tion, and therefore in so far as the writer has been successful in
eliminating the influence of spectral class from the mind in in-
terpreting the curves, the resulting absolute magnitudes should
be something more than just averages for spectral class as are the
Mt. Wilson? and Arcetri'® determinations of magnitudes of A stars.

Absolute Magnitude of 200 A-Type Stars. 283

PART II
REsuLTs AND DiscussioNn

The correlation curves obtained and tested as described in
Part I, have been employed to give values of the absolute magni-
tudes of some 170 stars for which trigonometric or cluster parallaxes
are not available.

The weighting of the values from each criterion was done as
already described and the weighted mean value alone is recorded
in Table VI. In some cases where the data were very meagre it
was thought best to exclude these stars pending further study;
they belong in most instances to the group Aon which are by far
the most difficult to handle in the light of the present investigation.

Table VI contains the spectroscopic absolute magnitudes and
parallaxes of two hundred A stars as determined by the writer. In
addition to these, six stars are included which belong to the set
of standard stars upon which the correlation curves were based,
but for these six reliable determinations from the present criteria
were impossible.

Successive columns of Table VI give (1) the Boss Number
(Preliminary General Catalogue); (2) the visual apparent magni-
tude; (Henry Draper Catalogue); (3) the reduced proper motion,
H; (4) (5) the absolute magnitude, M, and parallax, p, as determined
trigonometrically (T) or by group motion (G); (6) (7) (8) the
spectral class, spectroscopic absolute magnitude and parallax as

i determined at Mt. Wilson; (9) (10) (11) the class and spectro-
scopic M and p as determined by the writer from the Yerkes
Observatory spectrograms. The designation ““Yerkes’ cannot
be given to these three columns as might at first glance seem more
appropriate, because to do so would be to set the official stamp of
approval of that institution upon these results. For defects in
this work the Yerkes Observatory is in no way responsible and
criticisms of these results must be borne solely by the writer.
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TABLE VI
SPECTROSCOPIC MAGNITUDES AND PARALLAXES OF 200 A STARs
H.D. Trig. or Gr. Mt. Wilson Douglas
Boss m H
: M P Class M p |Class M p
” L4 4
10 22| 3.8 Aln 1.1 0.060 [ Aln 1.0 0.059
43 44| 3.0 = i Aln. 1.5 - .02650:A3n 1 7 2029
50 4.5 .. 0.6 0.017T | AOn 1.1 .021 | AOn 0.2 .014
145 50| 2.8 i - e Aln #1.8 018
154 5.6 | 2.7 s B A28 =~ 1.3 .014 | Als 0.9 .012
203 3.9 4.9 156-1.033T A6n 2.0 .042
246 52| 6.4 A4n 2.2 025
269 4.9 |-2.1 = Fye s A4n 1.6 .022
295 5.3 4.0 = iy Alnc 7. 5 0181 AZn o34 s 017
300 4.7 5t D LTI | s e A2n 2.3 . .033
314 2.8| 5.2 A3n 2.0 .068 | A5n 2.5 .087
368 5.5 | 6.2 A5n 2.5 - .025
370 5.5 4.2 A28 1079 . 012
422 48| 5.5 Aln “ 077015
423 48| 5.5 f 1= A2s 7 .0.6 014
. 428 2.7 1.9 .068T A5s 1.9 .069
441 4.8 Zel 1= SR oy s Aln; 251 ==1029
446 4.7 o 1.2 .020T| A4s 2.0 .029 | A3n 2.0 .029
449 4.1 2:3 Ain.. <1zt 025 Als 1.2 .026
452 54| 6.2 i .. Uy Aln 1.4 .016
463Ft | 5.2 & A3n 1.8 .022|A3s 1.5 .018
463Br | 4.3 | 2.1 3 s = A3s 0.4 .017
466 54| 2.2 A2ny 1567 06| c AR 2 S e N2
476 5.1 3.2 Ass 1.9 .023
480 48| 5.8 3 s Aln 1.8 -.025
482 3.1 T o | o et 1 I i o (R X s A3s 1.3 .044
522 5.1 3.9 Aln 0.9 .014 | AOn 0.3 .011
550 46| 0.5 A3s 1.4 .021 | A3s 2.0 .030
560 43| 2.3 AOn 0.8 .020
597 58| 2.3 T o AZ2n 1.6 014
606 5.4 e =406 .001T Aln 0.5 .010
628 52| 6.0 o5 o5 A6s 2.4 .028
629 4.4 225036 % 2 A7n 1.9 .032
666 8.3 s Vi s AOn 1.1 .014 | AOn 1.2 .015
674Br | 5.3 1.4 L& 2018 T |5 A3s -1 9t =014~ A2s™ 2T 1015
677 52| 4.4 AZn St .015
730 50| 4.4 Aln 0.9 .015

o sy
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TABLE VI—continued

H.D. Trig. or Gr. Mt. Wilson Douglas
Boss m H
M »p Class M p Class M P
v ” ”

791 5.04: 2.6 AOn 0.9 0.015 | AOn 1.1 0.016
850 54| 4.6 A4s 1.1 .014
883 54| 5.7 A3n 2.5 .026
923 5.1 |-0.5 Als 0.5 .012
932 3.9 |—1.8 Ad4s 1.0 .026
971 54 [—1.1 = ¥ .. | A8 2.5 .026
974 8.1 5 Aln 1.1 .015| AOn 1.2 .017
986 4.6 4.0 Afs 0.6 1016
998 53| 4.2 s 8 il i de-FATs 0.8 - L 0k0
1007 5.3 2.4 0.027G| A9n 2.8 .031 | A6n 2.0 .022
1022 4.8 i 2.1 .029G| A6n 2.4 .034 | A5s 2.0 .028
1023 a8l 2.4 ot Px: A3n 2.0 1017 | A2n w231 .025
1026 4.4 4.6 1.3 .025G| A3s 1.8 .030 [ A2n 1.5 .026
1027 54| 6.0 2.8 .030G| A3n 2.1 .022 | Aln 1.7 .018
1029 4.2 1.3 .026G| A3s 1.4 .028 | A3s 1.7 .032
1033 4.4 1.6 .028G| A?n 1.8 .030 | A2n
1034 4.6 1.8 .028G| AOn 1.3 .022 | A2n B ‘s
1046 3.6 0.7 .026G| A3s 1.6 .042 | A5s 1.7 .042
1047 5.1 2.3 .028G| A2n 2.0 .024 | A4n 2.1 .025
1051 5.7 2.8 .026G| A3n 2.1 .019 | ABn 2.6 .024
1054 4.8 2.1 .029G| A5s 2.0 .028 | A5s 2.1 .029
1067 4.8 1.9 .027G| A2n 2.0 .028 | A2n 1.2 .019
1087 4.3 i3 1.6 .028G| A3n 2.1 .036 | A3n 1.8 .032
1088 53| 4.4 i i Ads 2.0 . 022 | A6s- 2.3 026
1090 4.9 1.6 .023G| A3n 2.2 028 | A3n 2.2 .029
1092 5.6 % 2.3 .023G| A5s 2.2 .020 | A5s 2.5 .024
1095 5.0 8.3 : = Ads. 1.7 .022 | A3s 1.8 - .023
1114 5.4 2.6 .029G| A8 2.6 .027 | A5n 2.1 .022
1117 5.4 1.4 .016T o x e Als » 1.9 .020
1122 5.4 1.9 .020G| A7s 2.2 .024 | A6s 1.8 .019
1143 5.1 = 242+ 026G ) A2n- 1.7 02 "Ale 5 i =<0
1153 4.5 1.7 : 1 T o oo X089 5080
1194 4.7 1.6 .024G| A3n 2.1 .030 | Adn 1.4 .022
1220 2.9 ; 0.5 .033G| Alm 1.5 .052 | AOn 1.6 .055
1244 6.1 =1l A7s ; 2.6 . .032
1268 5.271 1.2 A6s 2.3  .026
1352 5.3 1-3.0 AQn . 1.3 2016
1392 4.9 | 3.4 AOn 0.9 .016
1452 5.3 2.3 Als - 007 1012
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TABLE VI—continued
JABLE VI uwiinned Trig. or Gr. Mt. Wilson Douglas
H.D. Trig. or Gr. Mt. Wilson Douglas Boss | H.D.| H
Boss iy H m M p Class M p |Class M )
M P Class M p Class M p
” ” ”
: ’ ” 2607 | 4.5| 1.9 A0s 0.0 0.013
1453 49| 0.6 A .. | A2s 1.4 0.020 | Als 0.6 0.014 ’ 2729 3.5| 4.6 Ads 1.2 .035
1482 il —0.9 0.019T | Als 0.6 .037 | Als 0.1 .030 2735 54| 6.4 A7s 2.6 .028
1488 5.3 0.6 3 o .3 - .. | AOn 0.1 .009 2754 49| 1.9 A3s 1.1, 1017
1492 52| 40 | .. B e T ' 2000 | 48| 3.6 ol Baar Caig s pn i UA0e 0 G0 Z0E
1516 5.0°—2-6 s iy o ; .. | ABs 3.2 .04 2930 2.4 0.8 0.046G| A3s 1.0 0.054 | A3s 0.3 .038
1575 4.4 1.5 .026T| A2s 1.2 .024 | Aln 0.7 .018 2032 4.4 0. 10 LOI4TL-Lls - Fooofr Bds 5 0.2] 0 Jo1d
1690 1.9 5 0.5 .053T| A2s 0.9 .063| A2s 0.3 .048 2972 2.6 2.2 .085G| A2n 1.7 .066 | Aln 1.0 .048
1714 5. 18 5] > He n ¥ A e R 2974 3.4 = 0.0 .021T| A2s 0.9 .032| A3s 0.2  .023
1716 4.9 1.8 ¥ L Aln . 1.1 0B SSATRE L 017 2087 48| 4.8 AOn 0.7 .016| Als 0.2 .012
1759 5,243 . P o T e T L T i 3 2990 4145740 B9s —0.2 .014 | B9s 0.0 .015
1763 3.6 & 0:4%.098T |- & .. | Aon 0.5 .024 3023 5.3 143.9 B9n 0.8 .012 | B9n 0.4 .010
1782 i R i iy Adn 1.7 019 3063 55| 6.4 Ad4n 2.0 .020 | A6n 1.9 .019
1853 4.1 |=0.7 i b : 5 .. | AOn 0.5 .019 3088 5.1| 4.3 Aln 1.5 .019 [ Aln 1.2 .017
1886 3.6 = 1.5 .038T| A2n 1.5 .038 | A2n 1.8 .044 3097 521537 ¥ o Adg. 0.8 . 015 Als ©.0.6 .012
1928 455250 4 3y Als-f 0.7 017 3101 2.2 O Br BT R| AINT 17 0079 | Ass F2ud VTG
1968 4.8 0.0 ASs 2.0 .028 3117 2.5 L 0.6 .041G| AOn 0.9 .048 | AOn 0.7 .044
1974 5.3-5=0%9 . % .| Abn 2.3 .025 3126 5245138 A0s 0.7 .013
2051 5. 15158 A7n 2.6 .031 | A5n 2.0 .024 3139 1.6:45:2.2 A3n 1.4 -.023
2078 50| 3.4 AOn 151016 AT WL - 017 3182 i LA . Ly . . o M EOn 12,9 - 7086
2088 5.3 4.5 AT AOSTN0NT 2k 012 3190 3.4 v 1.7 .045G| AOn 0.9 .032 | AOn .. 34
2091 5.4 38 Als 1.0 .013 3210 4.0 3.1 A2s 1.2 .028
2120 46| 2.9 AOn 0.7 .017 3240 Gt A6n 3.0 .036
2138 3 e 3 s Sc | AOn ® 0.6 - .013 3244 50| 0.6 i 7 ) il e e 006 1 - 038
2185 5.5 |—1.0 4 .. |A3n 2.0 .019|A3n 1.9 .019 3266 54[ 1.9 A3s 1.0 .014|A3s 1.0 .013
2237 4.0 .. |—0.6 .012T| AOn 0.9 .024 | AOn 0.1 .017 3277 54| 5.0 B9n 0.6 .010 | B9n 0.2 .009
2764 54| 5.0 A ) & s .. | A6s 22 023 3283 484 1 o . i E[iA08=0.3 018
2327 4.7 .. |—0.3 .o10T| .. 2 .. | Aln 0.4 .014 3309 50| 5.6 Bon 0.6 .014 | B9n 0.4 .012
2339 56| 3.0 Abs 1.2 .013 ' 3310 55| 5.0 B9n 0.6 .010 | AOn 0.7 .011
2398 5.6 5.5 o ! 4 b .. | A2n 2.0 .020 3323 5.2:1L:5:5 A6n 2.4 .027| A7s 2.4 .028
2404 3.1 £ 2.9 .090T | A4dn 2.2 .066 | A4n 1.9 .058 ) 3354 5.8 25310 A0s 0.4 .008
2407 7 L i 200 ' s tAds’ 197 .030 | Ads - 15RSEN032 3356 53| 2.8 AOn 0.2 .009
2479 5.8 —0.1 .017T| Aln 1.3 .032 | AOn .. & 3370 54| 7.3 ) . ~ o .o L A8 8.3 7028
2495 4.0 " 1.8 .037T|B9n 0.6 .021 | AOn 1.9 .038 3371 2.9 1.1 .044T| Als 0.6 .034 | Als 1.1 .04 ]1
2559 45| 1.6 = el 3 3 .. | A3n 1.9 .030 3409 4.4 |04 o11T| A2s 0.9 .:.020 | A2s —0.3 .01 L
2584 L g e A5n 2.4 026 | A5n 2.1 .024 3450 5. Tit323 . . o . .. | B9n 0.3 .o011 ;
2637 4.5 [—0.7 = .. |Als 0.9 .015|A2s 1.2 .022 3474 2.4 0.6 .044G| A2s 1.1 .054 | A2s 0.6 .044
2642 5.3 % 3.2 .039T| Abn- 2.2 -.024| Adn' 2.3 +025 3475 4.0 2.3 .046G| A8 2.0 .052 | A5s 1.8 .036 [
2655 5.3 1:6 2 - B 4 AT L0005, 009 3480 4.0 2.1 .042G| Aln 1.1 .026 | Aln 2.2 .044 .'
2692 4.5 1 3.1 . .| A2n 1.8, F1028 4 -A%nt 1.3 7023
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TABLE VI—continued SABLE T aiies
Trig. or Gr. Mt. Wilson Douglas H.D Triz. or Gr. BEE: TR HRDE oy e
Boss | H.D. H — Boss e LEH M
m M p Class M p |[Class M p m M p Class M p Class p
L. 0.023
) r 3 ’ - TR R R Aln 18, 018
4.9 s 0.6 0.014G| A3s 1.5 0.021 | A5s 0.7 0.014 4803 5.4 3.8 .. A '2 '020
3.4 5.7 e M o .. o AOn 0.9 .032 4824 3.3 —1.3 0.012T | B9s —0.2 0.020 | B9n —0. e ;
5.5 L% v = = = AOn 0.8 .011 4858 3.0 0.8 .037T| B9n 0.8 .036 | B9n 0 026 ’
4.6 5.6 .. o = o 2 AOn 0.7 017 4988 3.9 0.2 .018T| Aln 1.1 .028-| Aln 1. : f
4.9 = 3.5 .052T| Aln 1.5 021 1-Ala & 1.8 .024 5048 3.0 L7, . 055T:] Adn 1.1 Oig E?ﬂ 2~(~) 166 1
55| .. | 1.4 .015T| A7n 2.5 .018 | A7n 2.5 .025 5062 | 0.9 2.5 .203T|A2n 1.7 .1 S ,
;3413162 - = Aln 1.0 .014 5186 A e % . =+ . " B9n e ]
5.5 6.4 Yo Acheas LMis s BB 010 s A R |
4.3 1.9 . -3 Aldn 1-3 .023 | AOn 1.4 .026 5337 3.8 0.6 .023T| Aln l.fi .03 Azs 2-5 .096 [
4.6 1.6 .025T | A4n 2.2 .034 | A5n 1.8 .028 5480 2.6 2.2 .084T| A2n 1.3 .056 A(;n 2-2 .069 \[
4.3 2.4 .041T| Aln 1.1 .023 | AOn 1.3 .025 5600 3:0 3.3 L116T | "Ad3n* 2.2 .068 A3S 0~7 '014 f
5.1 X 1.2 .017T4{ B9 0.8 .014 | B9n 0.9 .014 6031 4.9 3.1 -.043T|' A3s 1.2 .018 S ; : ‘
3.0 4.3 A3n 2.0 .062 | A5n 2.3 .072 ‘
4.9 3108 S = s L AL S Comparison with Mt. Wilson Magnitudes—Of the 200 stars in E
4.4 - 0.4 .016G| AOn 0.9 .020 | AOn 0.5 .017 5 . he list .of Adams and JOY2 %
29| 3.5 Fln 2.9 .100 | A6n 2.2 072 Table VI, 108 are also contained in the list.o : d 5 l
G A2n 1.5 .016 | A2n 1.8 .018 Comparing the two classifications a close agreement is found as is i
3.1 (-0.7 .2 | A2s 1.5 048 to be expected; only occasionally is a star classed n or s by Mt. ;
Lk B = =& A ks =il Al 3.5 068 Wilson given the reverse class by the writer and the decimal sub- :
4.2 —0.2 .013T| A4n 2.4 044 | A7n 2.7 .050 B i sier 1o be ety very difierent. :
2.3 0.3 .041G| A0n 0.9 .052 | Aln 0.8 .050 : e d M e l
3.9 2 0.5 .021T| AOn 1.1 .026 | AOn 0.8 .024 Taking the writer's #» and s groups and comp g : '+ B
5.5 .45 - =) .. t < LPAls £ 05 010 the Mt. Wilson values of absolute magnitude the systematic an !:
S R 0.6 .023G| Aln 1.1 .030 | AOn 0.0 .018 probable errors were computed as follows: i
3.6 | 3.4 . .. | A0s 0.4 022 |A0s 1.0 .030 ‘
5.8 0.8 & e Abs 2.3 .020 | A8s 1.9 .017 TABLE VII
3.8 3 1.5 .035T| A6s 1.8 042 | Ads 1.7 .038
5.2 5.2 A0n 0.9  .014 | AOn 1.1 -015 Syé‘tematic error Probable error No. of Stars i
50| 6.4 Asn 2.5 .032 | Ad4n 1.8 .023 : ¥ N f
48| 1.0 I .. |'A3n 1.5 .022 L 8 40.07 +0.31 68 :
5.6 2.5 B9 0.4 .009 | B9s 0.4 .009 5 +0.14 +0.30 40
R R R e ik 40.09 +0.31 108
3.2 0.4 .028T| AOn 0.9 .035 | AOn 1.0 .036 i
3.7 g 1.5: 037 | "Absi 1.8 7 042 | Abs . 2.1 .048 5 i
Bt P87 Algn .l .016 Thus it is seen that there is a fair agreement, the present mag}fl- i
AT A i £ 41 ®. LN R (3 iGLT ; . 0™.1 or in other [
maller by about ;
43| 1.5 | 1.4 .026T| A5s 2.2 .037 | Ads 1.5 .028 tudes being systematically s 4 -3 Bt M. Wilstn: by ,
59| 2.6 3.3 .030T| Aln 1.5 .013|Aln 1.9 .016 words, the stars are here given brighter tha ¥ |
4.4 3.1 .056T| A2n 2.0 .034 | Adn 2.6 .044 i
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Comparison with Arcetri Magnitudes.—Of the 81 stars in Table
VI for which neither trigonometrical, group nor Mt. Wilson spec-
troscopic values exist, 22 were found amongst the 275 stars of
early type determined by Abetti at Arcetri.!l® His values are
given in Table VIII for comparison.

TABLE VIII

SPECTROSCOPIC ABSOLUTE MAGNITUDES

Boss Abetti Douglas Remarks

597

730

850

932

971
1352
1452
1488
1759
1974
2088
2754
3139
3182
3283
3354
3356
3749
3928
3939
4802
4803

Systematic error —0.027

Probable error +0.30
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Shajn Double Star Test.—As a means of testing the accuracy of
spectroscopic parallaxes, Shajn®® has made use of the relation
which should exist between the apparent and absolute magnitudes
of components of multiple star systems. Since the parallax
should be the same for each component it follows that

AM—Am=0
where AM is the difference in spectroscopic absolute magnitude
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of the two components and Am is their difference in apparent
magnitude. Applying this test to the Mt. Wilson determinations
Shajn finds that for 55 double stars of late type

AM —Am= +0.28 to +0.48
while for 139 early type (B, A) doubles,
AM—Am=4+1.08 to £1.24

though it is only just to state that these figures hardly do Mt.
Wilson justice since Shajn applied Mt. Wilson curves to obtain
the magnitude of stars whose spectral classification he took as given
by Harvard.

Attention having been called to Shajn’s work by Dr. O. Struve,
the writer compiled a list of A-type double stars of sufficient
apparent magnitude and angular separation to allow of separate
spectrograms being obtainable. By the courtesy of the Director,
the writer was given permission to use the Yerkes 40-inch telescope
throughout the week September 6th-13th, 1925, and every effort
was made to obtain these spectrograms. Unfortunately, the
nights were unpropitious and only seven plates were secured,
but the Yerkes observers have very kindly taken spectrograms of
several of these stars and sent them to the writer for examination.
Thus it has been possible to apply Shajn’s test to the star systems
given in Table IX.

In two cases the deviation from zero is somewhat large. For
the K Tauri pair, Mt. Wilson shows a departure from zero of
—0.7, and Rasmuson’s group parallaxes give magnitudes having a
deviation +0.5. In the case of the ¢ Lyrae pair the trigono-
metrical values are in good accord, deviation +0.3, but the Mt.
Wilson magnitudes give a deviation —2.3.

For the eleven systems, however, the average deviation
AM —Am = 40.34

is as low as can be expected considering the probable error involved
in each determination.
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TABLE IX
Boss Name Class | Spec. | Spec. H.D. | AM—-Am
p M m
422 | by ArietisN AOn | 0.015 0.7 4.8
423 : “. 5 A2s .014 0.6 4.8 +0.1
463 | a’ Piscium Ft A3s .018 1.5 5.2
463 | a? KBy A3s .017 0.4 4.3 40.2
1026 | 65 K Tauri Br A2n .026 1.5 4.4
1027 67 K2 “ Ft Aln .018 [ 5.4 —0.8
3354 | 32'H Camelopardi Ft A0s .008 0.4 5.8
3?56 322 “ e AOn .009 0.2 5.3 —0.3
3370 | 12 a’ Can. Ven. Ft AS8s .028 3.3 5.4 -
3371 12 a? G B Als .044 1.1 2.9 —0.3
3474 | 79 {' Urs. Maj. (Mizar) | A2s .044 0.6 2.4
3475 79 ¢ . % 22 Abs .036 1.8 4.0 —0.4
480 | 80 g “ (Alcor) | Aln .044 22 4.0 0.0
4229 | 16 Draconis Ft B9s .009 0.4 5.6
4232 17 : $* Br B9n .008 0.2 5.6 +0.2
4747 €' Lyrae Br Aln .016 i 5.1
4749 5 € Lyrae Aln 0177 == 1.3 5.1 +0.2
4752 6 {’ Lyrae Br Ads .028 1.5 4.3
4754 6 {* Lyrae Ft Aln .016 1.9 5.9 ~1.2
4802 | 63 6’ Serpentis Br Aln .023 13 4.5
4803 | 63 0§ g Aln .019 1.8 5.4 e
5186 | 300’ Cygni Ft Aln .021 1.6 5.0
5187| 310> “ By BYs 021 | 0.6 4.0 0.0

{Eedzt.ged Proper Motion and M. agnitude.—Reduced proper
motion is d.eﬁned as the same function of appareht magnitude and
proper motion as is absolute magnitude of apparent magnitude and
parallax.

M=m+5+5 log p
H=m4+5+5 log u

where 7 is.the total proper motion and H is the reduced proper
fnotlon. SU}CC u varies with distance as well as with space velocity,
1t seems loglf:al to suppose that considered statistically M and H
thuld eXhlb‘_t a strong correlation. With this in mind the corre-
'I?t;)oln coefficient was worked out rigorously from the data in

able VI, where values of H are recorded for 129 stars including
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all those for which no trigonometrical or cluster parallaxes are
given.

Instead of finding a reasonable correlation the coefficient came
out to be 0.030. This low value is not due to a few exceptional
stars, but is thoroughly representative of the data, over half the
stars having x and y deviations of opposite sign. Adams records
a very close correlation between his spectroscopic parallaxes and
proper motion, and Struve has demonstrated a like relationship
in the case of the writer’s parallaxes, concluding that there is all
reason to say that these spectroscopic parallaxes agree perfectly
with the expected distribution of u, the remaining dispersion being
due largely to the peculiar motions of the stars and in part to the
probable error of the spectroscopic parallaxes. It thus seems that
in the process of formation of the H function from u the essence
of the correlation with M is lost.

Some Problems of A Stars.—(1) It is disappointing that not one
of the criteria is single-valued. In the stars of Class A we are
face to face with a serious problem. Some as yet unknown or un-
recognized factor is playing an important part in determining the
character of the spectrum. Stars of this type are evidently at a
critical stage of development, the transition from the giant stage
to the dwarf stage. On the older theory of Russell®37 this might
be thought of as the transition from the state of a perfect gas to a
denser state where the gas laws begin to break down, but since
Eddington® has shown that the dwarf stars of the main sequence
are probably to be regarded as also conforming to the perfect
gas laws, on account of the high degree of ionization produced by
their great central temperatures, it now becomes necessary to look
elsewhere for the cause of complexity. Why do stars turn down
the main sequence? Jeans®® explains it in terms of the automatic
reduction in the rate of production of radiant energy at the centre
of a star when its central temperature exceeds about 30 million
degrees. Fowler and Guggenheim*® have given quantitative
evidence in favour of the assumptions of Eddington and Jeans
that at these temperatures there would be 999, ionization. As a
star approaches complete ionization, its radiation will be unable
to increase further. Though its central temperature will be
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maintained, its density will continue to increase, accompanied by
an increase in the absorption coefficient, and thus luminosity will
gradually fall off.

There is in this theory, however, no direct clue to the interpreta-
tion of the spectra of stars at the transition stage. The writer's
material provides independent evidence that the Mt. Wilson sub-
divisions, # and s (according as the absorption lines are nebulous
or sharp), are of the utmost importance in forming magnitude
correlations but do not represent two distinct classes of stars,
there being all gradations in line character from the extremely
hazy and ill-defined to the extremely sharp, clean-cut, narrow line.

That there is some as yet unrecognized factor in the atmospheres
of A stars seems certain. Harvard investigators have stressed
this, pointing out that a one dimensional classification of A stars
is inadequate.r The Henry Draper classification is based pri-
marily upon the intensity of H and K and is consistent on this
basis. Mt. Wilson investigators have adopted a different basis.
If the helium lines A\\4026, 4471, 4636 are showing in a Draper
AO star, they call it B9 and they classify the A stars chiefly by the
number and intensity of the metallic lines without reference to
the intensity of H and K. The writer followed Mt. Wilson fairly
closely until gradually a personal classification was felt to be
shaping itself. The presence of the helium “ raies ultimes’’ was
considered sufficient to warrant the designation B9, unless there
were just a trace of these lines accompanied by well developed K.
An A0 star usually showed only 4481, 4227, 4233, 4215, 4549,
4535 with barest traces of anything else (except of course H, K,
and the Balmer lines of hydrogen), and even these lines too weak
in general for relative intensity estimates to be made. Growing
intensity of these lines and the appearance of other metallic lines
marked the Al to A5 stars, but no star was classed by the writer
later than A5 no matter how many lines were up unless the hydrogen
lines were beginning to stand out less conspicuously. Inan Ab
star the hydrogen lines are sinking into comparability with the
stronger metallic lines and in an FO star there is equality between
the outstanding metallic lines and the diminishing hydrogen lines.

(2) Shapley and Fairfield* found no correlation to exist between
the width of hydrogen lines and absolute magnitude, but they
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found slight correlation between width and reduced proper motion
for late B and early A stars, indicating that there is a tendency
for narrow line stars to have low space velocities. No explanation
has been hazarded. The present material throws some light on
the question. The 7 and s stars must be dealt with separately
at least in the case of Hé—there being no apparent correlation
between widths of z-lines with absolute magnitude, but a strong
correlation in the case of the s-line stars (Fig. 2). This together
with the failure to find a general correlation between M and H
indicates the possibility that the suggested relationship with space
velocity is illusory.

(3) A perplexing problem is presented by the stars of c-
characteristic whose spectra exhibit lines so narrow and sharp as
to resolve the usual HeH blend into two distinct lines of indepen-
dently measurable widths. Of the 250 stars studied, 10 stars fall
into this class. Three of these stars have well-established paral-
laxes and in -each case the writer's M was too low. That the
present criteria failed badly in the case of Sirius shook faith in the
applicability of these criteria to stars of this extreme class, and
pending further study they have been omitted from Table VI.

(4) Certain stars have individual peculiarities which offer
problems upon which as yet it is premature to attempt explana-
tions. A few of these may be noted.

Boss 370. 43 wCassiopaiae A2s. It is very unusual to find
M535 equal to and N549 greater than N4481, while simul-
taneously A\4215, 4233 are much more intense than A\4227.

Boss 1516. 17 Leporis A6s. 4481 is very faint and a line at
about N546 is very strong. This star has the H.D. class A0
which the writer finds difficult to understand for though the K
line is certainly faint there are many metallic lines very sharp
and intense and HB, Hy, Hé are waning.

Boss 3749. 29 7Bootis (Br) A2s. The line 23984 is strong.
It is probably the line of unknown origin recorded by Belopolsky*
in aCanum Venaticorum and by Lockyer and Baxandall® in
aAndromedae. Another unusual line to be outstanding is A4137,
a very weak Fe™ line undoubtedly blended with some line of
unknown origin.4
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Boss 476 12 K Arietis A5s
‘3409 51 0 Virginis A2s
“ 3506 78 o i Al
“ 3561 84 Urs. Maj. Als

In these stars a pair of chromium lines are present with unusual
intensity; they are Cr\\4558.89, 4588.43.

Twenty-four strontium stars are amongst those in Table VI,
remarkable for the intensity of the Sr*line N\4215. The Boss
number, the name, the writer’s classification and magnitude, also
the average magnitude for that class are given in Table X.

TABLE X

STRONTIUM STARS

Boss Name Class M M
(D) (D) (D) Remarks

370 wCass A2s 0.9 0.7

423 YArie A2s 0.6 0.7

463 a? Pisc A3s 0.4 11 Si+AN4128,31 also strong

476 K Arie Abs 1.9 1.9

550 2 Cass A3s 2.0 151

674 € Arie A2s 1 0.7

677 —3° 470 Erid A2s Sl 0.7 Sr+ A4078 also strong

850 +70° 257 Camel Ads 1T 1.4

923 v Erid Als 0.5 0.7  Si4+A\N4128,31 also strong
1117 4 Camel ATs 1.9 2:3 Sr-+M4078 also strong
1122 +11° 646 Ori Abs 1.8 Figs Sr+A4078 also strong
1268 19 Aur Abs 92°3 203
1453 & Aur Als 0.6 0.7
1492 2 Monoc AT7s 1.8 2.3 Sr+A4078 also strong
1968 97 G Pup AS8s 2.0 29
2339 49 b Canc Abs 172 1.9 Si+4+AAN4128,31 also strong
2932 60b Leo Ads 0.2 1.4 Si+AN4128,31 also strong
3266 21 Com. Ber. A3s 1.0 11 Sr+-A4078 also strong
3475 {7 U. Maj. Abs 1.8 19
3506 o Virg Abs 0.7 1.9
3561 84 U. Maj. Als 0.6 0.7
3749 T Bobtis A2s 0.3 0.7 very abnormal
4022 B Drac AS8s 1.9 28 Sr-+4-M\4078 also strong
4026 € Serp Ads 2L 1.4
6031 k Pisc A3s 0.7 ¥ 5
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The comparison between M and m indicates that on the whole
the strontium stars are 0™.24 brighter than the average stars of
the same spectral type, but the scantiness of the data makes
generalizations dangerous. C. H. Payne,*® arguing from proper
motion relations and a few individual cases of dwarf strontium
stars, concludes that there is no sufficient justification for the
statement* that these stars are ‘‘distinctly brighter than the
average.”” The writer has made as the criterion for the inclusion
of a star in this class not any arbitrary scale of absolute line in-
tensity but the one condition that A215>2\4227. As indicated
in the Table, the other member of the St doublet A4077.7 is some-
times also of outstanding intensity.

The silicon stars are represented by fifteen given in Table XI,
one or both of the pair of Si*lines A\\4128.1, 4131. 1 being unusually
prominent.

A comparison between the magnitudes of these stars and the
mean magnitude for their respective classes indicates that they
are brighter on the average by 0™.5.

TABLE XI

SILICON STARS

Boss Name Class M M Remarks

(D)--{D)=r(D)

463 a? Pisc Br A3s 0.4 519 | 4128,31 both strong
923 36 7° Erid. Als 0.5 03% 4128,31 both strong
998 56 Tauri Als 0.3 D= 4128,31 both strong
1046 7862 Tauri Abs 17 1.9 4128 strong
1117 4 Camel AT7s 1.9 2.3 4128 strong

1482 37 OAurigae Als 0.1 Q7. 4128,31 strong
2088 +79° 265 Camel AOs 0.7 0.5 iy Y
2339 49b Cancri Abs 1.2 1.9 i 5

2754 30 H Urs. Maj. A3s £ | ) 57 & & g

2900 45 wUrs. Maj. AOs 0.0 0.5 4128,31 prominent
2932 60b Leonis Ads 0.2 1.4 4128,31 strong

3409 51 Virginis A2s —0.3 0.7 4128,31 fairly strong
3474 79 {Urs. Maj. A2s 0.6 0.7 4128,31 fairly strong
3506 78 oVirginis : Abs 0.7 1.9 4128,31 strong

3749 297 Bootis Br A2s —-0.3 0.7 4128,31 strong
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It is worth noticing that frequently, though by no means
always, do the lines of Si*, Cr* and Sr* occur with unusual
intensity in the same star. Evidently conditions favouring one,
favour also the others, and the absence of any one or two given the
third is a matter of the abundance of the element in the stellar
atmosphere.

Mean Magnitude and Spectral Class.—One of the main problems
of the A stars is the question as to whether it is possible to interpret
the spectra with individual accuracy or whether the Mt. Wilson
and Arcetri method of merely adopting the mean magnitude for
spectral class is all that can be done at present,

This investigation has been a definite attempt to maintain the
former position. How far it has been successful it is difficult to
say. The following table together with Tables 1V, V, present the
ev1df:nce for and against the writer’s claim that the magnitudes
herein determined have a greater individual accuracy than can
be obt.ained by following the Mt. Wilson and Arcetri methods.
What is the true interpretation of this evidence, the writer is not

In a position to say, the decision must rest with the critical as-
tronomer.

TABLE XII
AVERAGE DEVIATION
A-D D—D
N s N n N s N
e =+ o=

5 0.10 2 0.21 7 0.23 3
17 .60 1 .38 ol .27 9
15 .42 8 .43 29 .26 15
8 .56 5 BT 162 .51 10
6 .40 8 a1 10 .52 ik
6 .30 3 31 9 51 8
6 .29 8 .20 8 .35 ik
5 22 5 .36 10 32 17
68 0.36 40 0.37 116 0.37 84
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In Table XII a comparison is given separately for the # and s
stars between the average deviations of the present magnitudes
(D) from the Mt. Wilson magnitudes (A) and from the mean
magnitude (D) per spectral class. As previously, N indicates the
number of stars.

In Table XIII the mean absolute magnitudes for each spectral
class are given. The Mt. Wilson figures are averages for the
individual means of Adams and Joy.*” The Arcetri figures are
taken from Abetti’s diagram,*® upper full curves, the s and s»
curves being averaged.

The general agreement is good. The Arcetri values are based
on all the material available from every source, trigonometrical,
group and spectroscopic data being all included and they are to
be given greatest weight. The Mt. Wilson values are smoothed
by graphical means from the original data of Adams and Joy*® on
101 #n-stars and 48 s-stars. The writer's values are here given
unsmoothed. The group of A6-FO0 includes only 5 stars that are
later than A7.

TABLE XIII

AVERAGE ABSOLUTE MAGNITUDE

Class Mt. Wilson Arcetri Douglas
n s n S n N s N
B9 0.6 —0.2 0.6 03 0.3 T 0.3 3
A0 0.9 0.2 0.8 0.5 0.8 31 0.5 9
Al 1:3 0.6 151 0.7 1.3 29 0.7 15
A2 .7 0 1:3 1.0 1.7 12 0.7 10
A3 2.0 1.8 1535 e 2.0 10 i 11
Ad 2.2 1.6 At 13 2.0 9 1.4 8
AS 2.3 1.8 1.8 1.5 2.2 8 1.9 11
A6 2.7 2.4 2.4 1.9 2.3 10 2.3 17

—Fo0

116 84

Further Inmvestigations.—This work is the preliminary to a more
extensive investigation which the writer hopes to carry out.in the

o
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near future, involving the whole of the A stars of which the Yerke
Ol?servatory has spectrograms. With the permission of thS
Dlref:tor of the Yerkes Observatory, many of the spectrogra :
studied in the course of this work will be re-studied and %n -
others not yet measured will be examined. As Dr. =S Plaslj:t};
has remarked, the determination of spectroscopic magni.tudes i5a
mattfzr of closer and closer approximations towards the truth In
the light of greatly enlarged material, the criteria used il"l the
present work will probably require modification and readjustment
It is hoped that new criteria may be found, especially in regard t(;

;ch(te A0 stars, so many of which had to be omitted from the present
ist.

Acknou.;ledgments.—-—The writer is indebted above all, to Dr. E. B
Frqst, Director of the Yerkes Observatory. Not 0;11y is 'it ;iué
er.ltlrely' to his generosity that this problem was undertaken, but
his z.idv1.ce was freely given throughout the early stages of th'e in-
vestigation and his continued interest and encouragement have
been very much appreciated. To other members of the Yerkes
Observatory staff, the writer is indebted in various ways, par-

thulally to Dl . O. Stl
uve f()l Valua Ie CrlthISmS ust rior to

ra;I‘? ?ril]. S. Plaskett, Dr. F. Henroteau and Dr. Harlow Shapley,
grate u t a.nks are tendered for counsel received during one con-
versa'txon with each which the writer was fortunate in having at
one time or another during the reduction of the data.

i tGratefl}il thanks are also due to Dr. Luyten for allowing the
er to have access to his records of reduced proper motions.

s To fY;lle Observe,ltory thanks are due for the loan of an advance
Py of Schlesinger's Catalogue of Parallaxes, to Harvard College

Observato e
Flereirce. ry, for the loan of a publication of the University of

Finally, grateful acknowled i
. : ment of
is made to Dr. A. S. Eve, FRg e

SOWND o R W

—

%
18.
19,
20.
21.

22.
23.
24.
25.
26.
27,
28.
29.
30.
31.
32.
33.
34.

Absolute Magnitude of 200 A-Type Stars. 301

NOTES AND REFERENCES

W. S. Adams—Mt. W. Contrib. No. 199; Ap. J. 53, 1921.

W. S. Adams—Mt. W. Contrib. No. 244; Ap. J. 56, 1922.

W. S. Adams—Mt. W. Contrib. No. 262; Ap. J. 57, 1923.

D. L. Edwards—M.N.R.A.S. 83, 47, 1922.

D. L. Edwards—M.N.R.A.S. 84, 366, 1924.

D. L. Edwards—M.N.R.A.S. 85, 439, 1925.

B. Lindblad—Ap. J. 55, 85, 1922.

B. Lindblad—Nova Acta R. Soc. Sci. Upsaliensis, 1V, 6, 5, 1925.
0. Struve—Dissertation, University of Chicago—unpublished.

G. Abetti—Parallassi Spettroscopiche di 275 Stelle, Pubb. R. Univ. d. Studi
di Firenze (R. Osservatorio Astrofisico di Arcetri) Nr. 42, 1925.

W. B. Rimmer—Memoirs R.A.S. 62, 4, 1923.

R. K. Young and W. E. Harper—Pub. Dom. Ap. Obsy. 111, 1, 1924.

H. Macklin—M.N.R.A.S. 85, 444, 1925.

N. H. Rasmuson—Meddelanden fran Lunds Astronomiska Observatorium,
11, 26, 1921.

F. Schlesinger—General Catalogue of Parallaxes, Advance Copy, 1924.

Rasmuson’s magnitudes are relative to the siriometer scale instead of to the
usual 10 parsec scale. Since 10 parsecs =2.06265 siriometers, it is
necessary to add 1™.57 to all Rasmuson'’s absolute magnitudes to bring
them into line with absolute magnitude on the 10 parsec basis.

Van Rhijn—Pub. Kapteyn Astron. Lab., Groningen, 37.

Probable error =0.8453 X average error.

See Ref. 1 (p. 15).

Schuster—Ap. J. 21, 192, 1905.

Newall—M.N.R.A.S. 65, 636, 1905.

J. Q. Stewart—M.N.R.A.S. 85, 732, 1925.

J. Q. Stewart—Ap. J. 59, 1924.

Merton—Proc. Roy. Soc. 92, 322, 1915.

E. O. Hulburt—Ap. J. 55, 399, 1922.

E. O. Hulburt—Ap. J. 59, 177, 1924.

Rayleigh—Phil. Mag. 29, 274, 1915.

. H. Fowler and Milne—M.N.R.A.S. 83, 403, 1923.

. H. Fowler and Milne—M.N.R.A.S. 84, 499, 1924.

. H. Fowler—M.N.R.A.S. 85, 970, 1925.

. N. Russell—Mt. W. Contr. No. 286; Ap. J. 61, 223, 1925.

. H. Payne—Stellar Atmospheres, 1925 (p. 127).

. H. Payne—Harvard Circ. 263.

. Fairfield—Harvard Circ. 264.

O N@Ra-R--R--N--]

= —par =~ -

" 8




35. G. Shajn (Pulkovo)—Ap. J.

39. J.H. ]cans~‘Nature, Jan. 2,

42, Belopolsky—Astr. Nach. 196

4. F.J.M. Stratton—Astron
45.  See Ref. 32 (p. 170).

46. Report Spectr. Class. Comm,
47. See Ref. 2 (Table V, p. 7).
48. See Ref. 10 (Fig 1, p. 14).
49. See Ref. 2 (Table I11, p. 6).

McGill University,
Montreal,

62, 104, 1925.

36. H. N. Russell—Ap. J. 26, 147, 1910.
37. H. N. Russell—The Obsy. 36, p.
38. A.S. Eddington—M.N.R.A S, 84, 308, 1924,

1926.

wle1913.

» LAU., 1922.

302 4. Vibert Douglas

324 and 37, p. 165.

40. R. H. Fowler and E. A. Guggenheim—M.N.R.A.S. 85, 939, 192
41. H: Shapley—Rep. Spectr. Class, Comm., I.

A.U., 1925,

43. Lockyer and Baxandall—Proc. Roy. Soc. 77, 550, 1906.
omical Physics, 1925 (Appendix VIII).

5.




{ SPECTROSCOPIC MAGNITUDES OF
: A-TYPE STARS

A. VIBERT DOUGLAS

Ly

Reprinted for private circulation from
THE ASTROPHYSICAL JOURNAL, Vol. LXIV, No. 4, November 1926

PRINTED IN THE U.S.A.



SPECTROSCOPIC MAGNITUDES OF A-TYPE STARS
By A. VIBERT DOUGLAS

ABSTRACT

A study of spectra of A-type stars has resulted in seven criteria being found by
which absolute magnitudes and hence parallaxes may be determined. These criteria
include both widths and relative intensities of lines. Parallaxes thus determined, when
compared with trigonometric parallaxes and those from moving clusters and spec-
troscopic parallaxes from Mount Wilson and Arcetri, seem to indicate that a grealer
individual accuracy can be obtained by the use of such criteria than by adopting a sta-
tistical mean magnitude for each spectral subdivision.

INTRODUCTION

Absolute magnitudes of A-type stars have been determined
spectroscopically at Mount Wilson, Arcetri, Upsala, and Yerkes
observatories. Adams and Joy at Mount Wilson® and later Abetti
at Arcetri® relied upon careful classification of the spectra into deci-
mal subdivisions of class A and then the adoption of the statistical
mean magnitude associated with each subclass. Lindblad?® found
that a comparison of the density of the regions AN 3884-3907 and
M\ 30073935 gave a correlation with absolute magnitude for stars
of classes B8~A3. O. Struve* obtained relations between magnitude
and the width of X 4481 throughout the range of A stars.

During the summer of 1925, by the courtesy of the Director of the
Yerkes Observatory, the writer was given the opportunity of making
a study of the large collection of one-prism slit spectrograms of A
stars taken with the Bruce spectrograph attached to the go-inch
refractor. The aim was to find several criteria for the determination
of magnitude, and it was hoped that by the application of these a
value of magnitude for a given star might be obtained upon which
greater reliance might be placed than can be accorded to the average
magnitude per spectral subclass.

* Mt. Wilson Contr., No. 244; Astrophysical Journal, 56, 242, 1922.
2 Pubblicazioni della R. Universita degli Studi di Firenze, No. 42, 1925.
3 Nova Acta Regiae Societatis Scientiarum U psaliensis (4), 6, 5, 1925.
. 4 Unpublished. See brief statement in Abstracts of Theses, 1923-24, “University of
Chicago Science Series,” 2, 57, 1926.
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CRITERIA

The spectral regions studied by Lindblad are beyond the range
of good definition on the Yerkes plates, so that this criterion was
inapplicable. The method of taking the relative intensities of certain
arc and spark lines, used with such success by many investigators in
the case of stars of later type, was an obvious line of attack. In Ao
stars the number of absorption lines is very limited, and of these the
number of known origin and series relation which are unblended is
yet smaller, so that the choice of lines theoretically suitable is not
great. The writer was guided less by theory than by appearances in
selecting the ratios N 4215:\ 4227, N 4233:\ 4227, N 4535:\ 4481,
X 4549:\ 4481. But the choice was justified, for in each case corre-
lations were found to exist between these ratios and absolute magni-
tude.* The estimates of ratio of intensity were made by eye, a low-
power magnifying lens being used. No attempt was made to record
a factor indicative of the intensity of individual lines, the ratio of
the intensities of the two closely adjacent lines being estimated
directly in the case of each of the four pairs.

The second natural line of attack is that of line width. There
are strong theoretical grounds, chiefly involving Rayleigh scattering,
that lead one to anticipate relations between line width and absolute
magnitude. The writer has found such correlations in the case of
X 4481, H§, and the K line of calcium.? There are intangible factors,
such as Doppler effects arising from stellar rotation or from atomic
agitation, which might conceivably play an important rdle in dis-
turbing any general relation. It seems unlikely that the ambiguity
involved in the writer’s relations is due to these causes since exactly
similar ambiguities are present in the correlations with intensity
ratios. Reference will be made to this again.

The material upon which the criteria are based consists of spec-
trograms of thirty-one stars of the Ursa Major and Taurus clusters
for which reliable parallaxes have been determined by Rasmusson,?
and also of forty-nine stars having known trigonometric paral-
laxes. Relative to these eighty stars the systematic error of the
absolute magnitudes determined from the writer’s seven criteria is

* Journal of the Royal Astronomical Society of Canada, 20, 8, 1926. 2 Ibid.

3 Meddelanden fran Lunds Astronomiska Observatorium, Serie II, No. 26, 1921.
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found to be —o.04 mag. and the probable error of an individual
magnitude, +o.5 mag.

The spectra were all classified, as is done at Mount Wilson, ac-
cording to the sharpness (s) or nebulosity (n) of the absorption lines
and, provisionally, separate solutions were made for each group with
respect to each of the seven criteria. In the case of Hé, a strong
correlation was found between its width and magnitude for the s
group, but no correlation whatever was apparent in the case of the
n group. For the other criteria both 7 and s groups yielded correla-
tions. The ambiguity above referred to arises from the fact that not
one of the criteria is single valued, the plotted data in each case
falling into two or more groups, each of which could be fairly well
represented by a linear solution. That this is the case both for the
widths of absorption lines and for the ratios of intensities of pairs of
lines points to some general complexity in the atmospheres of stars of
class A.

MAGNITUDES AND PARALLAXES

By the application of the criteria above mentioned the absolute
magnitudes and parallaxes of two hundred stars of classification
Bo-Fo have been determined from an investigation of the Yerkes
spectrograms. These results are given in Table I, where for com-
parison, the corresponding values obtained by trigonometric, group
motion, or Mount Wilson spectroscopic methods are also given.
This number includes seventy-three of the eighty for which trigono-
metric or group parallaxes are known, and the probable error of
+0.5 mag. relative to these compares favorably with the probable
error of + 0.4 mag. of the spectroscopic magnitudes of stars of later
type as determined at Mount Wilson.

Among the two hundred stars are one hundred and eight whose
absolute magnitudes have been determined at Mount Wilson.
Comparison indicates that the writer’s magnitudes are systematical-
ly less by o.09 with a probable error of one difference (o) e ot A
Another twenty-two stars not included above are found in the
Arcetri list, and relative to these the writer’s magnitudes show simi-
lar agreement—systematic error, —o.03; probable error, +o0.3.

In comparing the mean magnitude per spectral subclass, it
should be remarked that the writer has not adopted the Henry
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TABLE I TABLE I—Continued
SPECTROSCOPIC MAGNITUDES AND PARALLAXES OF 200 A STARS
TRI1G. OR GR. Mrt. WirLsoN Doucras
L Yo BT TRIG. OR GR. Mrt. WiLson Doucras Boss o H HP
m M P Class M P Class M P
M o} Class M P Class M P

1029 | 68 Tau 4.2 1.3 [07026G | A3s 1.4 | 0%7028| Azs 1.7 | o032
10 | a And | ey T S Ain 1.1 | o”obo| Ain 1.0 | o”os59 1033 | v Tau 4.4 1.6 028G | A2n . 8 Joz0|iAennl i IR n s Ll
43 | 6 And Aol | oms R wesl il Ain .8 .026| Azn b .029 1034 | 71 Tau 4.6 | 1.8 .028G| Aon T.3 oT ) e 1 I
50 | ¢ And 4.5 | 0.6 |0%019T | Aon Tox .021| Aon 0.2 .014 1046 | 6% Tau 3.6 | o.7 026G | Azs 1.6 .o042| Ass L 042
145 | 7 Cas e e e e A0 Al L Ga ] [ P Ain .3 .o18 1047 | 79 Tau 5.1 2.3 | .028G| A2n 2.0 | .o24| Aqn 2.1 025
154 | +54°143 - | PP . Azs I.T .o14| Ai1s 0.9 .012 1051 | 8o Tau B 2.8 | .026G| A3n 2.1 .o19| Azn 2.6 024
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Draper classification but a personal classification following very
closely that of Mount Wilson investigators. Hence it is satisfactory
to find that the writer’s average magnitudes both for # and s stars
of each subclass show a very close agreement with the means adopted
by Mount Wilson and by Arcetri.

A crucial test of the individual accuracy of certain magnitudes is
that suggested by Shajn,* based upon the fact that the components of
a binary system have the same parallax and should therefore have the
same difference in their absolute magnitudes as in their apparent
magnitudes. In other words, for each pair the following relation
should hold:

AM—Am=o .

For twelve such pairs the values of absolute magnitude determined
by means of the writer’s criteria gave an average of

AM—Am= +o0.34 .

As this is within the probable error of individual values of M, the
conclusion is that this test gives evidence in favor of the accuracy
of this method of determining spectroscopic magnitudes.

One pair calls for special mention—Boss 4752, 4754 (¢* and {2
Lyrae). The trigonometric values of absolute magnitude are in
good accord, but the spectroscopic magnitudes as determined at
Mount Wilson lead to

AM—Am=—2.3,

while the writer’s values lead also to a large discrepancy, —r1.2.
The type of the fainter component (A1n) is certainly earlier than
that of the primary (A4s) ? and its magnitude must therefore be very
much greater than the average magnitude (1.3) for stars of class
Ain. This represents a case where the method of mean magnitude
per spectral subclass fails utterly. The present criteria are not com-
pletely successful, but they improve matters to some extent and at
least give AM and Am the same sign.

* Astrophysical Journal, 62, 104, 1925.

E .’H.D‘.-c!assiﬁcation for ¢*, ¢ Lyrvae, Az, A3; Mount Wilson classification, Ass,
1. ] R
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The natural expectation that any set of absolute magnitudes
would show a correlation with the corresponding proper motions
was confirmed by Mount Wilson investigators with regard to their
spectroscopic magnitudes and by Dr. Struve with respect to the
writer’s magnitudes. But an attempt to find an analogous relation
using reduced proper motion indicates that no such relation exists,
the correlation coefficient evaluated rigorously for H and M in
respect to one hundred and twenty-nine stars being o.030. The
applicability of the H function in this case evidently requires further
investigation.

OUTSTANDING PROBLEMS

That the spectra of A stars present a peculiar problem has been
stressed by Dr. Shapley® and others.? This investigation is a con-
firmation of the belief that there is present in the atmospheres of
stars, at this critical stage of evolution, some unknown or at least
unrecognized factor which plays a part in determining the nature
of the spectra. What is the true significance of the s or # character
of the lines in different spectra? Why are intense strontium and
silicon lines so frequently associated with a spectrum having sharp
lines? What factors are just balancing or merging their effects when
a spectrum is neither distinctly s nor # but of so intermediate a char-
acter that two investigators will differ as to the group to which it
belongs, while a third investigator meets the difficulty by calling
it sn?

Perhaps a thorough study of the variations in the widths of
lines associated with other spectral characteristics may lead eventu-
ally to the understanding of some of these problems.

A paper containing a more complete discussion of the results
obtained for the individual stars studied, and the curves used in
establishing the criteria, is published in the Journal of the Royal
Astronomical Society of Canada, for October 1926, covering pages
265 to 302 of Volume 20 of that Journal.

McGriiL UNIVERSITY, MONTREAL
October 1926

1 “Report of the Committee on Spectral Classification,” Transactions of the Inter-
national Astronomical Union, 2, 117, 1925.
* Harvard Circular, No. 264.



The St. Helena Observatory and
Canadian Astronomy
by

A. ViBERT DoucGLAS

Had it not been for the negligence of Sir John Colborne and the apathy of Sir
Francis Bond Head in failing to bring before the legislature of Upper Canada an
offer from the Lords Commissioners of the Admiralty, Toronto might have had
the first astronomical observatory in the New World.

T

IN 1825 the Honourable East India Company decided to establish an
observatory on the island of St. Helena. Construction was completed in
1828. Observations began the following year under the direction of
Manuel J. Johnson, Lieutenant, St. Helena Artillery, who published a
Catalogue of 606 Principal Stars in 1835. But about this time a decision
was made to close down the observatory, pack all the instruments, and
ship them to Woolwich. On the abandoned site in 1840, the Royal Artil-
lery set up a magnetic and meteorological observatory but this also was
closed in May 1849 when the detachment of Royal Engineers was with-
drawn from the island.

What has all this to do with Canada? The fact is that prior to 1835 no
astronomical observatory existed in the whole of North or South Ameri-
ca. No standard meridian line existed on this continent. For this reason,
the Lords Commissioners of the Admiralty offered to send all the St.
Helena instruments, seven packing cases of equipment, to Toronto if a
small observatory could be built in Upper Canada. This would be a
first for North America and a feather in the Canadian cap! But it was not
to be—the pens of government scratch slowly and four years rolled by.
In the meantime, Professor Albert Hopkins of Williams College return-
ing from Europe late in 1835 brought with him a sidereal clock, a transit
and some other instruments; and in the next few years several small
observatories were established in the eastern United States,

My attention was drawn to some of these facts by a letter dated 17
July 1969 from Dr. E. M. Lindsay, Armagh Observatory. The observa-
tory, which eventually received from Queen Victoria the George III
collection of astronomical instruments from Kew, had evidently hoped
for the instruments which were in the hands of the Admiralty after the
closedown of the observatory on St. Helena, but the Chancellor of the
Exchequer, Lord Mounteagle, wrote to the Chairman of the Board of
Governors of Armagh Observatory, Lord John George Beresford (Arch-
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bishop of Armagh, protestant Primate of Ireland) that the St. Helena
instruments were designated for Canada. At that time Dr. Romney
Robinson, the Director of Armagh Observatory, 1823-82, wrote to
Colonel Rawdon, M.P. on 30 November 1840 that Lord Mounteagle
“was not perhaps aware that the project of a Canadian Observato
originated with me, that my memoir on the subject was adopted by the
Admiralty, and that the instruments for Canada are not to be the Kew
but the St. Helena set”.

Dr. Lindsay concluded his letter to me with the sentence: “I wonder
did this lead to the establishment of the first Observatory in Canada or
did Robinson’s plan to the Admiralty fall through?”

Early records of the British Treasury Board (Ms. Group 12, D12
v. 14-15) show two letters from George Harrison to the Storekeeper
General. One dated 23 January 1817 concerns surveying instruments to
be received from Mr. Pond, the Astronomer Royal, to be “properly
packed and sent to Earl Bathurst’s Office in order that they may be for-
warded to America by the earliest opportunity”. The second letter con-
cemns astronomical instruments provided under the Treaty of Ghent
and may have no bearing upon a project for Canada.

My next reference is to the Journal, House of Assembly, Upper Can-
ada, where the record of proceedings for Friday, 13 December 1833, is as
follows: “Agreeably to the order of the day. . . . The petition of John
Harris of Woodhouse, in the London District, praying that the House
would take into consideration the propriety of erecting an observatory
at or near York.”

That nothing came of these suggestions appears to be borne out by
the following letters. From the Admiralty to A. W. Hay, Esq. (of the
Colonial Office, London) dated 7 July 1835: !

Sir, I am commanded by the Lords Comm.™ of the Admiralty who have had their
attention drawn to the advantages which might be derived to scientific objects by
the e':stabh'.shment of an Observatory in Canada, to request you will submit to the
consideration of Lord Glenelg the propriety of promoting such an object.

A chain of observatories connects the Western Shores of Ireland and of Spain with
the' Eastern Coast of New South Wales, and thus comprises one half of the Globe,
while the other half is in this respect entirely destitute of any such indispensible
way of furthering the purposes of Astronomy.

Nor do the more immediate practical objects of Geography feel less the want of
an Observatory in that wide interval, as no Standard Meridian nor any point to
‘Y}u‘:h comparative Observations may be referred exists throughout the whole Con-
tinent of .fun'erica. The establishment of a small observatory in Upper Canada would
supply this important desideratum which has been so strangely overlooked by the
United States, and would thus reflect more honour on this Country.

My Lords have been given to understand that the Observatory at St. Helena is
about to be d1:smant1ed, and that the Instruments which have been in use there
would be available for the proposed Observatory, thus reducing materially the
expense to be incurred. Should Lord Glenelg see no objection to this arrangement
my Lords would suggest that an Inventory of these Instruments should be furnished
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to this Dept. in order that it might be ascertained what further Instruments it would
be necessary to procure for the purpose.

I am (signed) C. Wood.

On 29 July 1835 Lord Glenelg wrote from Downing Street to Sir John
Colborne:

Sir, I have the honour to transmit to you herewith, copy of a Letter addressed to
this Department by direction of the Lords Commissioners of the Admiralty recom-
mending that a small Observatory should be established in Upper Canada for
purposes of Science; and suggesting that in order to effect this object at the least
possible expense, the Instruments which have been hitherto in use in the Obser-
vatory of St. Helena, (and of which a list is enclosed) should be transferred to
Upper Canada. The Lords of the Admiralty have, as I understand, already com-
municated upon this subject with the Earl of Gosford. It only remains for me, there-
fore, to bring it under your notice, and to express to you the satisfaction which I
should feel were it in my power to promote the important object which the Lords
of the Admiralty have in view. I shall of course be happy to receive for their Lord-
ships consideration any suggestions or information upon this subject which you
may be able to afford whether derived from your own immediate experience, or
from communication with persons of scientific pursuits within the Province.

1 have the honour to be, sir,
Your most obedt. Servant,

(signed) Glenelg.

The Inventory accompanying these letters lists 29 items but gives no
information about the instruments as to aperture, focal lengths or
maker.® In the Introduction to the St. Helena Catalogue the instruments
are ascribed to Messrs. Gilbert of Leadenhall Street, London and the
clock to Barraud. More details are given in a comprehensive inventory
made at Greenwich in 1838 and signed by the Astronomer Royal, G. B.
Airy.! Numerical data for three instruments are placed in brackets in
the following list which is taken from a copy of the 1835 Inventory.

Inventory of Instruments belonging to the Observatory at St. Helena

1 Transit Instrument (object glass 3.8 inch, focal length 62 inch)
3 Astronomical Clocks

1 Portable Transit Instrument

2 Observing chairs

1 Magnetic Intensity Apparatus

1 Comet searcher

4 Thermometers

1 Celestial Globe

1 8-day Chronometer

2 Agrometers

4 Thermometers and 3 spare Tubes

2 Mountain Barometers with 1 Glass Cistern and 4 spare Tubes

“Some of this information has been sent to me by Dr. A. G. Thoday, Deputy Keeper,
Science Museum, South Kensington, London

1The Astronomer Royal always signed his name Airy, but the amanuensis who copied
the inventory spelled it Airey.
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1 Refracting telescope on Equatorial Stand (3 ft. 6 in. focal length, 2% in. aper-

ture

1 Mural Circle (4 ft. diam. with telescope 5 ft. in length with object glass 3.1 inch)

2 Horse Shoe Magnets

2 Bar ditto

1 Large Refracting Telescope and Stand

1 Altitude and Azimuth Circle

1 Refracting Telescope

1 Dipping Needle Apparatus

1 Sextant

1 Quadrant

1 case Mathematical Instruments—Incomplete
56 1b. Quick Silver

5 Tubes for Spirit Levels

1 Variation Transit Instrument

The regrettable lack of identifying numerical data in this list suggests
Fhat is was hurriedly compiled by a civil servant with no scientific train-
ing. But even so it is sufficiently imposing that, with the two stately
letters quoted above, one might have expected prompt positive action
from Sir John Colborne. One thing he did was to request R. H. Bonny-
c:ftstle, Capt. Royal Engineers, Western District, Upper Canada, to fur-
nish a report on a suitable site for an astronomical observatory. A five
page memorandum from Bonnycastle dated 10 November 1835 extols
Toronto as a desirable site: “It would be difficult to imagine a more
eligible locality for a national observatory in the new World, in a favor-
able latitude, being nearly that of 45°.” In the margin is written “Lati-
tude of Toronto 43° 39’ 10” N.” The report waxes lyrical on the advan-
tages Toronto affords: i

S e..a Cltx increasing in a ratio unprecedented in the new World. Built on an
immense basin of Lake Ontario, its littoral consists of a vast expanse of Water
affording an unlimited horizon while the country behind it rises so little as to obscure
none of the gonstellations visible in its latitude. . . . Its iso-magnetic line is nearly
connected with that of apparently no variation which crosses Lake Ontario in its
zlcillrll;rtly;z ‘e hI];s climate is unusually mild a continuance of excessive rigor rarely
e theg W ;l t almost every other part of the Country during winter, is visited
ot > usual severity of th'at season in Canada, thus ensuring without difficulty

e continuance of Astronomical and Meteorological observations, whilst the known

g:;g of the Atmosphere would prevent injury to the more delicate parts of instru-

_ Capt. Bonnycastle goes on to point out that Toronto would benefit
most I.naten?.lly by being the spot selected for unfolding the resources
9f Brltlsh.Smence and if the observatory was connected with the pro-
jected university, its effects upon the education of the people would
amply repay any outlay which the Mother Country might think fit to
expend upon it and erect a monument of imperishable Glory for that
Country.
Three possible sites are described. One is “in the new part of the City
near where the proposed Military Establishment is to be erected, where
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the expanse of lake Ontario is uninterrupted, never frozen in winter and
seldom subject to land fog.” His second suggestion is “the proposed site
for the University but as coal from Ohio is now coming into use as a
fuel . . . the dense smoke will hereafter obscure the southern aspect.”
The third site he considers free of all objections, “the Island in front of
the City near Gibraltar Point . . . the foundations of the building here
would however require to be deep as the Island is sandy.”

Seventeen years later Bonnycastle, then Sir Richard, published in Lon-
don a book entitled Canada, as it was, is, and may be in which he er-
roneously states that “the Government in Sir John Colborne’s time had
interested the Admiralty and the Royal Society in the establishment of
an Observatory,” adding that this “has since been carried into effect at
Toronto” where Ordnance officers, Captains Lefroy and Younghusband,
were superintending magnetic and meteorological observations, Bonny-
castle states that as early as 1806 a grant of £400 had been made for the
advancement of science, a “splendid set” of “philosophical instruments”
had been “sent out from home; which were so highly valued that, in
1832, when I was first quartered at Little York, few persons knew and
still fewer cared anything about them, and they were found, venerable
with dust and neglect, along with a valuable ecclesiastical library, in
one of the rooms of the General Hospital . . .” He hopes this “splendid
collection is housed in the Observatory”. He then adds “I have some
interest in this subject, having been almost the original suggester of the
plan of making Toronto a part of a chain of posts of science across the
British American territory, from St. John’s in Newfoundland to the
Pacific, north of the Columbia River, by which a constant succession of
observations of the heavenly bodies would be going on within the ring
of military occupation, with which Great Britain has encircled the
world.” (vol. I, p. 48)

Sir John Colborne did not submit to the Upper Canada Legislature
the proposal contained in the July letters from the Colonial office and
the Admiralty, but on 23 November 1835 he wrote to Lord Glenelg:

There can be no doubt entertained that the establishment of the Institution con-
templated by the Lords Commissioners of the Admiralty will confer the greatest
honor on our Country. The clear atmosphere and equable temperature of the
climate of Toronto appears peculiarly adapted for astronomical observations. If
therefore His Majesty’s Government decide on acting on the suggestion of the Lords
Commissioners of the Admiralty, I should recommend that the Professor who may
be appointed to superintend the Institution be directed to proceed to Toronto as
soon as possible, and authorized to select a site for the Observatory.

Colborne then suggests that “the Professorship might be attached to
the University of King’s College, and the instruments lodged in Upper
Canada College, till an observatory be constructed and prepared for
their reception,” and furthermore that the above mentioned person

“should be able to adjust and fix the Instruments.” In support of Toronto
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as the site Sir John enclosed a document from Mr. Dade, Professor of
Mathematics at Upper Canada College as well as the Bonnycastle re-
port. He made no offer to defray any of the expenses involved in erect-
ing and maintaining an observatory.

In a letter dated 22 February 1836 the Secretary of the Admiralty, C.
Wood, wrote to Sir George Grey at the Colonial Office: “I am com:
{nanded by their Lordships to acquaint you that they will feel obliged
if you can obtain an estimate of the probable expenses of erecting an
Observatory . . . and if you will ascertain whether the Assembly would
de?fray the expense of any portion of the annual charge of maintaining it,
with reference to the suggestion its being placed under the superintend-
ance of the Professor of Astronomy of King’s College.”

On 29 February 1836 Lord Glenelg forwarded this request to Sir
Francis Head in Toronto, adding that as “this Despatch can hardly reach
you l.)efo're the Prorogation of the Provincial Parliament, I apprehend
that it will not be possible, at present, to ascertain whether the Legisla-
ture of Upper Canada would consent to assume the expense of erecting
the Observatory or to defray the charge of its future maintenance.” He
asks, however, for “correct information as to the probability of the pro-
posal meeting with the concurrence of the Legislature.”

1 tItVIorfe than a year went by. Their Lordships’ patience wore thin as this
él er from Downing St., 14 June 1838, testifies: “I am directed by Lord
( enelg to acknowledge your letter of the 21st ultimo and to inform you
lgl.reply that on the 29th February 1836 Sir F. Head was directed to
ring under the consideration of the Legislature of Upper Canada the
proposals of H.M. Gov't . . . Lord Glenelg however has not received
g{ly Cfeport ... He has therefore addressed a despatch respecting it to
hl.r eorge Arthur. Until the answer to that despatch shall be received
is Lordship would recommend that the Astronomical Instruments . . .

should be retained in the Royal Observatory at Greenwich.”
MThtlasLords Commissioners, however, made one more effort, dated 21
Aiay §8, and addressed to Sir George Grey, Colonial Office: “Sir, Mr.
Airey [sic] the Astronomer Royal at the Observatory at Greenwich hav-
11%% ;‘eportet-i t.hat th{g seven cases received from Woolwich in September
(éontammg pnnf:ipa]ly instruments from St. Helena have been
?}Il)ene anddthat having been completely repaired and again packed
= :g’e::e ;%;1 y for any voyage. I am commanded by my Lords Commis-
e of the Admiralty to send you herewith a list of the same and I
s i;egr?lest tha.t you will be pleased to acquaint Lord Glenelg that
— reafl mgnts intended to be sent to the Observatory at Toronto are
o y and that my Lords are desirous to know what steps have been

aken in t%us subject in the Colony.”

gil;li)lz)e;i 1stha revealing letter dated 8 October 1838 from James Fitz-
A o - e Honourable John Macaulay: “After receiving your note on
4y 1 was unexpectedly detained at a Meeting of the District

——
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Magistrates on an important subject, relating to the land sold to the
Presbyterian congregation, which at length [was] finally settled. In
answer to the two inquiries in your note I have now to acquaint you that
the Despatch No. 157 was not acted upon by the Assembly, not having
been referred. Neither have any proceedings taken place in the assembly
respecting a proposed Observatory at Toronto.” He then says he was
not aware of the offer by the Admiralty “nor do I know that any Mem-
ber of the House knows anything on the subject. Altho’ little versed
in that science or the kindred sciences yet I cannot doubt but that so
far removed as we are from other observatories our position is a good
one for their advancement. Dr. Daubeny of Oxford, Professor of Mathe-
matics I believe, was here in the summer of last year on a Scientific
Tour, and I conversed much with him on those subjects. I am sure he
would have rejoiced at the prospect of having such a scientific estab-
lishment here. . ..”

What the result of all this correspondence was it is very hard to say
for another wind was blowing from a somewhat different direction.
England had been a pioneer in studies of magnetism: William Gilbert
(De Magnete 1600) and Edmund Halley (Magnetic variations in the
Atlantic 1698, 1699). But the initiative had passed to the continent and
in 1836 Baron Alexander von Humboldt wrote to the President of the
Royal Society urging “the claims which magnetic science must be con-
sidered to have on a nation possessing such extensive dominions in all
parts of the globe, and such unrivalled means of contributing to the
advancement of physical sciences, by the formation of suitable estab-
lishments in the localities in which researches might best be carried on”.
In Dublin Professor Humphrey Lloyd, D.D., of Trinity College, set up
a magnetic observatory and the next year a similar one was established
at Greenwich, The British Association threw its weight behind Hum-
boldt’s recommendations and, with Major Edward Sabine, R.A.,, F.R.S,,
urged the establishment of four sites, “Canada and Van Diemen Island,
as approximate to the points of greatest intensity of magnetic force in
the northern and southern hemispheres; St. Helena as approximate to
the point of least intensity on the globe; and the Cape of Good Hope, as
a station where the secular changes of the magnetic elements presented
features of peculiar interest”.

An observatory had already been established by the Admiralty at
Hobart, Van Dieman Land and the Government undertook to erect
and equip the other three observatories. These were to be placed under
the Ordnance Department and staffed by officers and soldiers of the
Royal Artillery. The officers selected were Lieut. (afterwards General
Sir) John Henry Lefroy for St. Helena and Lieut. Charles James Bucha-
nan Riddell for Canada.

The Officer Commanding the Royal Engineers in Canada had his
headquarters on St. Helen’s Island, Montreal. To him Riddell came in
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the early autumn of 1839 with instructions to build the observatory in
Montreal and commence both magnetic and meteorological observa-
tions as soon as possible. His staff of three non-commissioned officers and
two gunners with forty-eight packages containing instruments weighing
eight or ten tons followed him on a slower boat, 57 days at sea, The
reached Quebec on November 1, but already on 18 October, Riddell had
come to the conclusion that Montreal was unsuitable for the observatory
owing to the magnetic character of the local rock and he decided to
move to Toronto.

Here he obtained permission to set up a temporary observatory in an
unused barracks of Old Fort York on Bathurst Street and on 25 Novem-
ber he reported this to the Military Headquarters, Montreal, with the
further information that his detachment and all his instruments had ar-
rived on the previous day. Throughout December and January he was
busy requisitioning rations, fuel, candles, and building supplies, con-
verting the barracks into living quarters and one room with pillars to
support three magnetometers. This room he had plastered and fitted with
double windows to maintain some approximation to constant tempera-
ture. On 20 February 1840 he reported to the Deputy Adjutant General
Royal Artillery that he had commenced the regular series of magnetic
observations. These he reported at intervals together with meteorolog-
ical data including any observations of “shooting stars” and aurora to
the Superintendent of colonial observatories, Col. Sabine at Woolwich.

Riddell had already approached the Bursar of Upper Canada College
regarding a site for the permanent observatory on King’s College prop-
erty. “Two acres and four tenths of an acre” were granted to Her Ma-
jesty’s Government early in 1840 for this purpose, the land to revert to
the college in the event of the discontinuation of the magnetic obser-
vatory. The Governor General “was pleased to approve of the grant”
in February and the erection of the observatory commenced as soon as
weather permitted. Before the close of the year it was occupied and
here it functioned until 1854, Lieut. Riddell’s health gave cause for con-
cern late in 1840 and in February he requested return passage to Eng-
land. Lieut. C. Younghusband was given temporary charge until the
arrival in 1842 of Lieut. J. H. Lefroy who was transferred from St.
Helena to the magnetic observatory in Toronto with orders to carry out
a magnetic survey of British North America, a project underwritten by
the Royal Society.

This account of the founding of the magnetic observatory is based on
a paper by the Librarian of the Meteorological Office, Toronto, A. D.
Thiesson, in the Journal of the Royal Astronomical Society of Canada,
v.34, (1940). In it, however, he makes no mention of the efforts of the
Admiralty to establish an astronomical observatory at Toronto. But W.
E. Harper in his chapter on the “History of Astronomy in Canada” in
A history of science in Canada,ed. H. M. Tory, (Toronto: Ryerson Press,
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1939), appears to assume a connection for he writes: “The financial con-
dition in Upper Canada was not particularly rosy and so a site was
acquired and the building erected in Toronto by the Imperial authorities
in 1839. At first it was primarily a magnetic observatory but among the
instruments received was a four-and-one-half-inch .ref,{actor, a mural
circle of four feet diameter and other smaller accessories” (p. 88). These
instraments, presumably, might have been part of the St. Helena con-
signment. The magnetometers certainly came fr‘(‘)m Woolwich anq als,o
the Adie barometer calibrated in August 1839 “at the'Royal Society’s
Apartments Somerset House”. This barometer was still the stand'ard
barometer for Canada in 1940 when the Controller, Meteorological
Services of Canada, Mr. ]. Patterson, reported to. the Royal Metsor-
oligical Society of Canada on “A Century of Canadian Meteorolog)ff -

In this paper Patterson recounts the transfer of the Observatory 1o_rri
the authority of the British Ordnance Departr'nent to tl.le Provincia
Government in the Spring of 1853. The Legislative Council under pres-
sure from the Canadian Institute and other scientific groups had agreed
to accept the responsibility. Much of the equipment was purchased frolr<n
the British Government for £428. Captain Lefroy sold some of his boq s
and handed over his task to J. B. Cherriman, Professor of Mathematics
and Natural Philosophy of the University of To.ronto, who was r?ade
provisional Director. Two years later Professer Kingston came out rolrg
Cambridge as Director and Professor of Meteorolggy with a salz}ry .pfn
two-thirds by the Legislative Council and c.m.e-thxrd by the University,
the former defraying the expense of maintaining the obs‘er\./ato.ly. e

Cherriman replaced the log building with a stone bl{lldlng inw fcd
the magnetic and meteorological work and the time service were carrie
out until 1882 when the site was required for the McLennan Physics
Laboratory. The University gave equivalent land just east of the Epreseiﬁt
University College, and the observatory was re-erected. there}.l. };/enen;
ally meteorology became independent of the other services which w
to the Dominion Observatory early in this century. The present Meteor-
ological Service was established in its impressive Bloor Street building
in 1909. .

The University of Toronto retained the small observatory on 1:5
grounds and présumably it inherited Wh'at astrox'lomlcal thlinstrt}rrie}?az
remained of the 1839 equipment. Precise information on this poin
not been forthcoming.

Until the spring of 1971 it has been a moot question \Vhegl}er V\éog};
wich and Greenwich cooperated in equipping the first C:;lntahi ian onir
vatory or whether any St. Helena instruments ever came to this c%l;l y:
Lieut. Commander H. D. Howse, National Maritime .Museur.n, reeﬁl
wich, believed that none came when we discussed this quesFlolll %t t g
History of Astronomy section of the Intematipnal AstronomlcaR n;(i,s
recently, On 5 May 1971 he informed me that in the Astronomer Loy
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report for 1849 Airy says he has at Greenwich “some of the St. Helena
instruments; which are to be transferred to the Observatory that is to
be erected at the Greenwich Hospital Schools”. From records at the
Schools in 1851 and as late as 1904 “it is evident that the Greenwich
Hospital Schools Observatory contained Manuel Johnson’s two prin-
cipal instruments, a transit and mural circle made by Gilbert in 1827,
together with a refracting telescope 42 inches in length, equatorially
mounted”.

“Where these instruments are today”, commented Lt.-Cdr. Howse,
“I do not know. I wish I did”. Quite certainly they are not in Canada,
nOr ever were.

This historical quest has led ultimately to the sad conclusion that
apathy in high places in 1835 and the following years deprived Canada
of the fine sets of astronomical instruments so generously offered, instru-
ments which had proved their value and efficiency in the observato
on St. Helena from 1828 to 1835. Thus, too, Canada forfeited the dis-
tinction of establishing the first astronomical observatory in the Ameri-
cas. But thanks to the good offices of Alexander von Humboldt and
Colonel Edward Sabine, Canada did get one of the very earliest observa-
tories for magnetic and meteorological science.
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The St. Helena Observatory and
Canadian Astronomy
by

A. ViBErT DoOUGLAS

Had it not been for the negligence of Sir John Colborne and the apathy of Sir
Francis Bond Head in failing to bring before the legislature of Upper Canada an
offer from the Lords Commissioners of the Admiralty, Toronto might have had
the first astronomical observatory in the New World.

IN 1825 the Honourable East India Company decided to establish an
observatory on the island of St. Helena. Construction was completed in
1828. Observations began the following year under the direction of
Manuel J. Johnson, Lieutenant, St. Helena Artillery, who published a
Catalogue of 606 Principal Stars in 1835. But about this time a decision
was made to close down the observatory, pack all the instruments, and
ship them to Woolwich, On the abandoned site in 1840, the Royal Artil-
lery set up a magnetic and meteorological observatory/hut this alsowas-
closed in May 1849 when the detachment of Royal Engineers was-with-

; drawn from the island.

What has all this to do with Canada? The fact is that prior to 1835 no
astronomical observatory existed in the whole of North or South Ameri-
ca. No standard meridian line existed on this continent. For this reason,
the Lords Commissioners of the Admiralty offered to send all the St.
Helena instruments, seven packing cases of equipment, to Toronto if a
small observatory could be built in Upper Canada. This would be a
first for North America and a feather in the Canadian cap! But it was not
to be—the pens of government scratch slowly and four years rolled by.
In the meantime, Professor Albert Hopkins of Williams College return-
ing from Europe late in 1835 brought with him a sidereal clock, a transit
and some other instruments; and in the next few years several small
observatories were established in the eastern United States.

My attention was drawn to some of these facts by a letter dated 17
July 1969 from Dr. E. M. Lindsay, Armagh Observatory. The observa-
tory, which eventually received from Queen Victoria the George III
collection of astronomical instruments from Kew, had evidently hoped
for the instruments which were in the hands of the Admiralty after the
closedown of the observatory on St. Helena, but the Chancellor of the
Exchequer, Lord Mounteagle, wrote to the Chairman of the Board of
Governors of Armagh Observatory, Lord John George Beresford (Arch-
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bishop of Armagh, protestant Primate of Ireland) that the St. Helena
instruments were designated for Canada. At that time Dr. Romney
Robinson, the Director of Armagh Observatory, 1823-82, wrote to
Colonel Rawdon, M.P. on 30 November 1840 that Lord Mounteagle
“was not perhaps aware that the project of a Canadian Observato
originated with me, that my memoir on the subject was adopted by the
Admiralty, and that the instruments for Canada are not to be the Kew
but the St. Helena set”.

Dr. Lindsay concluded his letter to me with the sentence: “I wonder
did this lead to the establishment of the first Observatory in Canadaor, , , |
did Robinson’s plan to the Admiralty fall through?” Sed L e 9 wl

Early records of the British Treasury Board (Ms. Group 12, D12
v. 14-15) show two letters from George Harrison to the Storekeeper
General. One dated 23 January 1817 concerns surveying instruments to
be received from Mr. Pond, the Astronomer Royal, to be “properly
packed and sent to Earl Bathurst’s Office in order that they may be for-
warded to America by the earliest opportunity”. The second letter con-
cerns astronomical instruments provided under the Treaty of Ghent
and may have no bearing upon a project for Canada.

My next reference is to the Journal, House of Assembly, Upper Can-
ada, whe{e the record of proceedings for Friday, 13 December 1833, is as
follosz: ‘Agreeably to the order of the day.". . . The petition of John
Harris of Woodhouse, in the London District, praying that the House
would take into consideration the propriety of erecting an observatory
at or near York.”

That nothing came of these suggestions appears to be borne out by
the following letters. From _the Admiralty to A. W. Hay, Esq. (of the
Colonial Office, London) dated 7 July 1835:

Sir, I am commanded by the Lords Comm.™ of the Admiralty who have had their
| attention EiraWn to the advantages which might be derived to scientific objects by
f the (.astabh‘shment of an Observatory in Canada, to request you will submit to the
| conmdergtlon of Lord Glenelg the propriety of promoting such an object.
{ thA };‘:ham of observatoTries connects the Western Shores of Ireland and of Spain with
ﬁil astern Coast of New South Wales, and thus comprises one half of the Globe,
while the other half is in this respect entirely destitute of any such indispensible
way of furthering the purposes of Astronomy.
N(c))]x; do the more immediate practical objects of Geography feel less the want of
a.nhi hservatory in that wide interval, as no Standard Meridian nor any point to
7 :;’n ei ; Cfor}r)lare.mve Observations may be referred exists throughout the whole Con-
o othj lerica. Thg Qstaiplg]j.g}l@gnt of a small observatory in Upper Canada would
L niﬁ.’Wd@dq@Wﬁas been so strangely overlooked by the
) Lordesi]an lv)vould .ﬂTus retlect more honour on this Country.
2 abou}t, - s d:ewe een given to understand that the Observatory at St. Helena is
T i g e ¥smantled, and that the Instruments which have been in use there
uld be avax_lable for the proposed Observatory, thus reducing materially the
Z? expeilsedto be incurred. Should Lord Glenelg see no objection to this arrangement
my Lords would suggest that an Inventory of these Instruments should be furn.ished/
A

\

' Colborne:
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to this Dept. in order that it might be ascertained what further Instruments it would
be necessary to procure for the purpose.

I am (signed) C. Wood.

On 29 July 1835 Lord Glenelg wrote from Downing Street to Sir John

Sir, I have the honour to transmit to you hérewith, copy of a Letter addressed to
this Department by direction of the Lords’ Commissioners of the Admiralty recom-
mending that a small Observatory should be established in Upper Canada for
purposes of Science; and suggesting that in order to effect this object at the least
possible expense, the Instruments which have been hitherto in use in the Obser-
vatory of St. Helena, (and of ‘which a list is enclosed) should be transferred to
Upper Canada. The Lords of the Admiralty have, as I understand, already com-
municated upon this subject with the Earl of Gosford. It only remains for me, there-
fore, to bring it under your notice, and to express to you the satisfaction which I
should feel were it in‘my power to promote the important object which the Lords
of the Admiralty have in view. I shall of course be happy to receive for their Lord-
ships consideration any suggestions or information upon this subject which you
may be able to afford whether derived from your own immediate experience, or
from communication with persons of scientific pursuits within the Province.

1 have the honour to be, sir,
Your most obedt. Servant,

(signed) Glenelg.

The Inventory accompanying these letters lists 29 items but gives no

| information about the instruments as to aperture, focal lengths or

. maker.® In the Introduction to the St. Helena Catalogue the instruments

are ascribed to Messrs. Gilbert of Leadenhall Street, London and the
clock to Barraud. More details are given in a comprehensive inventory
made at Greenwich in 1838 and signed by the Astronomer Royal, G. B.
Airy.! Numerical data for three instruments are placed in brackets in
the following list which is taken from a copy of the 1835 Inventory.

Inventory of Instruments belonging to the Observatory at St. Helena

+ 1 Transit Instrument (object glass 3.8 inch, focal length 62 inch)

!

3 Astronomical Clocks

1 Portable Transit Instrument
2 Observing chairs

1 Magnetic Intensity Apparatus

« 1 Comet searcher

4 Thermometers

- 1 Celestial Globe

- 1 8-day Chronometer
2 Agrometers
4 Thermometers and 3 spare Tubes
2 Mountain Barometers with 1 Glass Cistern and 4 spare Tubes

®Some of this information has been sent to me by Dr. A. G. Thoday, Deputy Keeper,
Science Museum, South Kensington, London

$The Astronomer Royal always signed his name Airy, but the amanuensis who copied
the inventory spelled it Airey.
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-1 Refr)acting telescope on Equatorial Stand (3 ft. 6 in. focal length, 2% in. aper-
ture

~ 1 Mural Circle (4 ft. diam. with telescope 5 ft. in length with obje i
2 Horse Shoe Magnets . & Galand s <
2 Bar ditto

-~ 1 Large Refracting Telescope and Stand
1 Altitude and Azimuth Circle
1 Refracting Telescope
1 Dipping Needle Apparatus
1 Sextant
1 Quadrant
1 case Mathematical Instruments—Incomplete

56 Ib. Quick Silver

5 Tubes for Spirit Levels
1 Variation Transit Instrument

The regrettable lack of identifying numerical data in this list suggests
Fhat is was hurriedly compiled by a civil servant with no scientific train-
ing. But even so it is sufficiently imposing that, with the two stately
letters quoted above, one might have expected prompt positive action
from Sir John Colborne, One thing he did was to requ\é«st_RfH;BE)r.m\y’-
cz:ls_tle, Capt. Royal Engineers, Western District, Upper Canada, to fur-
nish a report on a suitable site for an astronomical observatory, A five
page memorandum from Bonnycastle dated 10 November 1835 extols
Tgronto as_a desirable site: “It would be difficult to irflagine a more
eligible locality for a national observatory in the new World, in a favor-
able latitude, being nearly that of 45°.” In the margin is written “Lati-
tude of Toronto 43° 39’ 10” N.” The report waxes lyrical on the advan-
tages Toronto affords: g o T

_ -+ - a City increasing in a ratio unprec {sz in the new World. Built on an
immense basin of Lake Ontario, its lit consists of a vast expanse of Water
affording an unlimited horizon while tie country behind it rises so little as to obscure
none of the constellations visibl 4in its latitude. . . . Its iso-magnetic line is nearly
C('m.ngcted with tha‘t of apparéntly no variation which crosses Lake Ontario in its
vwxmty. —it A -Its climateis unusually mild a continuance of excessive rigor rarely
occurring whilst almost every other part of the Country during winter, is visited
with th__g._gsual severity of that season in Canada, thus ensuring without difficulty
the continuance of Astronomical and Meteorological observations, whilst the known

ggg@@égnefgbf{? would prevent injury to the more delicate parts of instru-

. Capt. Bonnycastle goes on to point out that Toronto would benefit
most materially by being the spot selected for unfolding the resources
9f Bntlsh_Smence and if the observatory was connected with the pro-
jected university, its effects upon the education of the people would
amply repay any outlay which the Mother Country might think fit to
expend upon it and erect a monument of imperishable Glory for that
Country. .
Three possible sites are described. One is “in the new part of the City
near where the proposed Military Establishment is to be erected, where
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the expanse of lake Ontario is uninterrupted, never frozen in winter and
seldom subject to land fog.” His second suggestion is “the proposed site
for the University but as coal from Ohio is now coming into use as a
fuel . . . the dense smoke will hereafter obscure the southern aspect.”
The third site he considers free of all objections, “the Island in front of
the City near Gibraltar Point . . . the foundations of the building here
would however require to be deep as the Island is sandy.”

Seventeen years later Bonnycastle, then Sir Richard, published in Lon-
don a book entitled Canada, as it was, is, and may be in which he er-
roneously states that “the Government in Sir John Colborne’s time had
interested the Admiralty and the Royal Society in the establishment of
an Observatory,” adding that this “has since been carried into effect at
Toronto” where Ordnance officers, Captains Lefroy and Younghusband,
were superintending magnetic and meteorological observations, Bonny-
castle states that as early as 1806 a grant of £400 had been made for the
advancement of science, a “splendid set” of “philosophical instruments”
had been “sent out from home; which were so highly valued that, in
1832, when I was first quartered at Little York, few persons knew and
still fewer cared anything about them, and they were found, venerable
with dust and neglect, along with a valuable ecclesiastical library, in
one of the rooms of the General Hospital . . .” He hopes this “splendid
collection is housed in the Observatory”. He then adds “I have some
interest in this subject, having been almost the original suggester of the
plan of making Toronto a part of a chain of posts of science across the
British American territory, from St. John's in Newfoundland to the
Pacific, north of the Columbia River, by which a constant succession of
observations of the heavenly bodies would be going on within the ring
of military occupation, with which Great Britain has encircled the
world.” (vol. I, p. 48)

Sir John Colborne did not submit to the Upper Canada Legislature
the proposal contained in the July letters from the Colonial office and
the Admiralty, but on 23 November 1835 he wrote to Lord Glenelg:

There can be no doubt entertained that the establishment of the Institution con-
templated by the Lords Commissioners of the Admiralty will confer the greatest
honor on our Country. The clear atmosphere and equable temperature of the
climate of Toronto appears peculiarly adapted for astronomical observations. If
therefore His Majesty’s Government decide’on acting on the suggestion of the Lords
Commissioners of the Admiralty, I should recommend that the Professor who may
be appointed to superintend the Institution be directed to proceed to Toronto as
soon as possible, and authorized to select a site for the Observatory.

Colborne then suggests that “the Professorship might be attached to
the University of King’s College, and the instruments lodged in Upper
Canada College, till/an observatory be constructed and prepared for

their reception,” and furthermore that the above mentioned person
“should be able 6 adjust and fix the Instruments.” In support of Toronto

4

L JZ/‘QV 22




A

¢

~

s

FIRST CANADIAN OBSERVATORY 597

as the site Sir John enclosed a document from Mr. Dade, Professor of
Mathematics at Upper Canada College as well as the Bonnycastle re-
port. He made no offer to defray any of the expenses involved in erect-
Iing and maintaining an observatory.

In a letter dated 22 February 1836 the Secretary of the Admiralty, C.
Wood, wrote to Sir George Grey at the Colonial Office: “I am com-

) manded by their Lordships to acquaint you that they will feel obliged
#) if you can obtain an estimate of the probable expenses of erecting an
[, Observatory . . . and if you will ascertain whether the Assembly would

/ d(?fray the expense of any portion of the annual charge of maintaining it,
with reference to the suggestion its being placed under the superintend-

1ance of the Professor of Astronomy of King’s Collgge.” ., . Ry bon
[ On W Lord g@elg MMM V-;oéSir
| Francis Head in Toronto, adding that as “this Despatch can hardly reach
¢ you before the Prorogation of the Provincial Parliament, I apprehend
that it will not be possible, at present, to ascertain whether the Legisla-
ture of Upper Canada would consent to assume the expense of erecting
the Observatory or to defray the charge of its future maintenance.”
asks, however, for “correct information as to the probability of the pro-
posal meeting with the concurrence of the Legislature.” = 7

Wx Their Lordships’ patience wore thin as this
letter from Downing St., 14 June 1838, testifies: “T am directed by Lord
Qlenelg to acknowledge your letter of the 21st ultimo and to inform you
in .reply that on the 29th February 1836 Sir F. Head was directed to
bring under the consideration of the Legislature of Upper Canada the
proposals of H.M. Gov't . . . Lord Glenelg however has not received
any report . . . He has therefore addressed a despatch respecting it to
Sir George Arthur. Until the answer to that despatch shall be received
his Lordship would recommend that the Astronomical Instruments . . .
should be retained in the Royal Observatory at Greenwich.”

The Lords Commissioners, however, made one more effort, dated 21
h@ax}@& and addressed to Sir George Grey, Colonial Office: “Sir, Mr.
Airey [sic] the Astronomer Royal at the Observatory at Greenwich hav-
ing reported that the seven cases received from Woolwtk\hMEPLeﬁbér

183?:663ﬁmauy‘ instruments_from St. Helena have been
opened and”that having been completely repaired and é‘%ﬂn packed

they are ready for @XTYan’&e. I am commanded by my Lords Commis-
sioners of the Admiralty to send you herewith a list of the same and I
am to request that you will be pleased to acquaint Lord Glenelg that
these instruments intended to be sent to the Observatory at Toronto are
p,()\vy_\r\_éa%ig@i Lords are desirous to know what s-t;e/P;lilé\fé been
taken in thissubjectin theColony.” ~ " =~~~ =l
Lhere is-a revealing letter dated 8 October 1838 from James Fitz-
g;b\honég&h\ell\gpwblg\lg?n Macaulay: “After receiving your note on
Saturday I was unexpectedly detained at a Meeting of the District

/":
7
7/
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Magistrates on an important subject, relating to the land sold to the
Presbyterian congregation, which at length [was] finally settled. In
answer to the two inquiries in your note I have now to ‘acquaint you that
the Despatch No, 157 was not acted upon by the Assembly, 1}92111@15
heen referred. Neither have any proceedings taken place in the assembly
tespecting a_proposed Observatory at Toronto.” He then says he was
not aware of the offer hy the Admiralty “nor do I know that any Mem-
ber of the House knows anything on the subject. Altho Tittle versed
in that science 6?@15@1%(1 sciences yet I cannot doubt but that so
far removed as we are from other observatories our position is a good
one for their advancement, Dr. Daubeny of Oxford, Professor of Mathe-
matics I believe, was here in the summer of last year on a Scientific
Tour, and I conversed much with him on those subjects. I am sure he
would have rejoiced at the prospect of having such a scientific estab-
lishment here. . ..”

What theresult of all this correspondence was it is very hard to say
for inother wind was blowing from a somewhat different direction.
Engtand had been a pioneer in studies of magnetism: Wjlliam Gilbert
(De Magnete 1600) and Edmund Halley (Magnetic variations in the
Atlantic 1698, 1699). But the initiative had passed to the continent and
in 1836 Baron Alexander von Humboldt wrote to the President of the
Royal Society urging “the claims wrich_ﬁxagletic science must be con-
sidered to have on a nation possessing such extensive dominions in all
parts of the globe, and such unrivalled means of contributing to the
advancement of physical sciences, by’ the formation of suitable estab-
lishments in the localities in which researches might best be carried on”.
In Dublin Professor Humphrey Lloyd, D.D., of Trinity College, set up
a magnetic observatory and the neftt year a similar one was established

at Greenwich. The British Association threw its weight behind Hum-

boldt’s recommendations and, with Major Edward Sabine, RA.,ERS,,

urged the establishment of four sites,” Canada and Van Diemen Island,
as approximate to the points of greatest intensity of magnetic force in
the northern and southern hemispheres; St. Helena as approximate to
the point of least intensity on the globe; and the Cape of Good Hope, as
a station where the secular changes of the magnetic elements presented
features of peculiar interest”.

An observatory had already been established by the Admiralty at
Hobart, Van Dieman Land and the Government undertook to erect
and equip the other three observatories. These were to be placed under
the Ordnance Department and staffed by officers and soldiers of the
Royal Artillery. The officers selected were Lieut. (afterwards General
Sir) John Henry Lefroy for St. Helena and Lieut. Charles James Bucha-
nan Riddell for Canada.

The Officer Commanding the Royal Engineers in Canada had his
headquarters on St. Helen’s Island, Montreal. To him Riddell came in

—
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the early autumn of 1839 with instructions to build the observatory in
Montreal and commence both magnetic and meteorological observa-
tions as soon as possible. His staff of three non-commissioned officers and
two gunners with forty-eight packages containing instruments weighing
eight or ten tons followed him on a slower boat, 57 days at sea. They
reached Quebec on November 1, but already on 18 October, Riddell had
come to the conclusion that Montreal was unsuitable for the observatory
owing to the magnetic character of the local rock and he decided to
move to Toronto. '

Here he obtained permission to set up a temporary observatory in an
unused barracks of Old Fort York on Bathurst Street and on 25 Novem-
ber he reported this to the Military Headquarters, Montreal, with the
further information that his detachment and all his instruments had ar-
rived on the previous day. Throughout December and January he was
busy requisitionin% rations, fuel, candles, and building supplies, con-
verting the barracks into living quarters and one room with pillars to
support three magnetometers. This room he had plastered and fitted with
double windows to maintain some approximation to constant tempera-
ture. On 20 February 1840 he reported to the Deputy Adjutant General
Royal Artillery that he had commenced the regular series of magnetic
observations. These he reported at intervals together with meteorolog-
ical data including any observations of “shooting stars” and aurora to
the Superintendent of colonial observatories, Col. Sabine at Woolwich.

Riddell had already approached the Bursar of Upper Canada College
regarding a site for the permanent observatory on King’s College prop-
erty. “Two acres and four tenths of an acre” were granted to Her Ma-
jesty’s Government early in 1840 for this purpose, the land to revert to
the college in the event of the discontinuation of the magnetic obser-
vatory. The Governor General “was pleased to approve of the grant”
in February and the erection of the observatory commenced as soon as
weather permitted. Before the close of the year it was occupied and
here it functioned until 1854. Lieut. Riddell’s health gave cause for con-
cern Jate in 1840 and in February he requested return passage to Eng-
land. Lieut. C. Younghusband was given temporary charge until the
arrival in 1842 of Lieut. J. H. Lefroy who was transferred from St.
Helena to the magnetic observatory in Toronto with orders to carry out
a magnetic survey of British North America, a project underwritten by
the Royal Society.

This account of the founding of the magnetic observatory is based on
a paper by the Librarian of the Meteorological Office, Toronto, A. D.
Thiesson, in the Journal of the Royal Astronomical Society of Canada,
v.34, (1940). In it, however, he makes no mention of the efforts of the
Admiralty to establish an astronomical observatory at Toronto. But W.
E. Harper in his chapter on the “History of Astronomy in Canada” in
A history of science in Canada, ed. H. M., Tory, (Toronto: Ryerson Press,
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1939), appears to assume a connection for he writes: “The financial con-
dition in Upper Canada was not particularly rosy and so a site was
acquired and the building erected in Toronto by the Imperial authorities

in 1839. At first it was primarily a magnetic observatory but among the
instruments received was a four-and-one-half-inch refractor, a mural

circle of four feet diameter and-other smaller-accessories” (p. 88). These
instruments, presumably, might have been part of the St. Helena con-
signment. The magnetometers certainly came from Woolwich and also
the Adie barometer calibrated in August 1839 “at the Royal Society’s
Apartments Somerset House”, This barometer was still the standard
barometer for Canada in 1940 when the Controller, Meteorological
Services of Canada, Mr. J. Patterson, reported to the Royal Meteor-
oligical Society of Canada on “A Century of Canadian Meteorology”.

In this paper Patterson recounts the transfer of the Observatory from
the authority of the British Ordnance Department to the Provincial
Government in the Spring of 1853. The Legislative Council under pres-
sure from the Canadian Institute and other scientific groups had agreed
to accept the responsibility. Much of the equipment was purchased from
the British Government for £428, Captain Lefroy sold some of his books
and handed over his task to J. B. Cherriman, Professor of Mathematics
and Natural Philosophy of the University of Toronto, who was made
provisional Director. Two years later Professor Kingston came out from
Cambridge as Director and Professor of Meteorology with a salary paid
two-thirds by the Legislative Council and one-third by the University,
the former defraying the expense of maintaining the observatory.

Cherriman replaced the log building with a stone building in which
the magnetic and meteorological work and the time service were carried
out until 1882 when the site was required for the McLennan Physics
Laboratory. The University gave equivalent land just east of the present
University College, and the observatory was re-erected there. Eventu-
ally meteorology became independent of the other services which went
to the Dominion Observatory early in this century. The present Meteor-
ological Service was established in its impressive Bloor Street building
in 1909.

The University of Toronto retained the small observatory on its
grounds and presumably it inherited what astronomical instruments
remained of the 1839 equipment. Precise information on this point has
not been forthcoming.

Until the spring of 1971 it has been a moot question whether Wool-
wich and Greenwich cooperated in equipping the first Canadian obser-
vatory or whether any St. Helena instruments ever came to this country.
Lieut, Commander H. D. Howse, National Maritime Museum, Green-
wich, believed that none came when we discussed this question at the
History of Astronomy section of the International Astronomical Union
recently. On 5 May 1971 he informed me that in the Astronomer Royal’s
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report for 1849 Airy says he has at Greenwich “some of the St. Helena
instruments; which are to be transferred to the Observatory that is to
be erected at the Greenwich Hospital Schools”. From records at the
Schools in 1851 and as late as 1904 “it is evident that the Greenwich
Hospital Schools Observatory contained Manuel Johnson’s two prin-
cipal instruments, a transit and mural circle made by Gilbert in 1827,
together with a refracting telescope 42 inches in length, equatorially
mounted”.

“Where these instruments are today”, commented Lt.-Cdr. Howse,
“I do not know. I wish I did”. Quite certainly they are not in Canada,
nor ever were.

This historical quest has led ultimately to the sad conclusion that
apathy in high places in 1835 and the following years deprived Canada
of the fine sets of astronomical instruments so generously offered, instru-
ments which had proved their value and efficiency in the observatory

[ on St. Helena from 1828 to 1835. Thus, too, Canada forfeited the dis-
| tinction of establishing the first astronomical observatory in the Ameri-

cas. But thanks to the good offices of Alexander von Humboldt and
Colonel Edward Sabine, Canada did get one of the very earliest observa-
tories for magnetic and meteorological science.
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Canada's Lost Opportunity
A. Vibert Douglas

Prior to 1835 no astronomical observatory existed in the whole
of North or South America. No standard meridian line existed on
this continent. For this reason the Lord's Commissioners of the
Admiralty offered to send all the instruments from the recently
closed observatory on St. Helena to Upper Canada if a small
observatory could be built.

The Lieut. Governor, Sir John Colborne and after him Sir

Francis Head, too absorbed by local problems, delayed months in

-~ repiying to letters from tha,AnmtrEIEy?“EnnfrﬁfraiﬁgﬁfifﬁmfﬁtﬁtIﬁg?“’“f“ T £

the repeated offers before the Assembly, members of which in 1838
autumn had heard nothing about the generous proposal. Thus Canada
lost this opportunity and the St. Helena instruments remained in
Greenwich in the care of Sir George Airy.

By 1838 another wind was blowing, not from Greenwich but from
Woolwich, not astronomical but magnetic and meteorological. This
resulted in the Admiralty Ordnance Department sending the Royal
Artillery officer Lieut. Charles James Buchannan Riddell to Canada
to establish and operate a magnetism and meteorology station in Toronto
to complement data from the similar stations at Hobart, Cape of Good Hope
and St. Helena. The Woolwich effort of 1838 led to success by February
1839. The Greenwich effort of 1835 led nowhere, a-sad tale of a lost

opportunity.
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STARK EFFECT IN B STARS.
¥. Stuart Foster, F.R.S., and A. Vibert Douglas, M.B.E.

I. INTRODUCTORY DISCUSSION OF STARK EFFECT

Stark effects in certain B stars are revealed not only by a great broadening
of the Balmer lines which remains unexplained on any other basis, but by
the appearance of many electric combination lines in the absorption spectrum
of neutral helium. Although the interesting orthohelium line A 4470
(2p—-4f), most frequently cited as evidence for a stellar Stark effect, actually
was found by Struve * with a wave-length and intensity neither of which
appears to be due to the influence of electric fields alone, the variety of new
evidence from the helium spectrum given below is in somewhat better
agreement with simple theoretical expectations, and removes all doubt
whatever as to the reality of Stark effects in stellar atmospheres.

Before considering this evidence in detail the main facts concerning
Stark effects in helium will be reviewed briefly in order to bring out their
interesting complexity, and especially to correct certain representations
of the effect which consist in part of an unjustified enlargement upon an
early theoretical interpretation.

While the Stark displacements in hydrogen are rather accurately pro-
portional to the external field strength (except in very low fields where effects
associated with the fine structure of the lines enter) 1 it is not possible to give
any corresponding simple description of the effects observed in helium or
in any other spectrum. By an application of quantum mechanics | it was
learned that this circumstance is directly related to the fact that the separations
of the helium sub-levels characterised by different values for the quantum
number [/ are large compared with the corresponding separations within
the fine structure of the hydrogen level of the same principal quantum
number. Since in any case the displacements will become linear with the
field only after they are large compared with the above mentioned zero
field §eparations, the result is that one sees in helium under the average
experimental range of fields a complexity of displacements and intensities
which at maximum field may or may not be smoothened out into a nearly
hydrogen-like regularity. That will partly depend upon the zero field
s;parat_ions of the initial levels involved in any line group under con-
sideration as well as the associated principal quantum number, which
fathrs may be said to control in the main not only the related displacements
within the group but also through them the intensities. Consequently in

* O. Struve, 4p. ¥., 74, 4, 247, 1931.
+ Schlapp, Proc. Roy. Soc., A, 119, 313, 1929.
I J. S. Foster, Proc. Roy. Soc., A, 1147, 137, 1927.
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reviewing the entire helium spectrum one may expect to find at any given
field strength results as varied as are these factors.

Speaking more specifically, all sharp series lines (2p-ns; 2P-nS) are
displaced toward the red without exception by an amount which is
usually small because the s or .S term has the greatest separation from other
terms. As in hydrogen, the displacement increases rapidly with z, and
indeed to such an extent that some sharp lines examined in this work show
a decided broadening toward the red.

The principal series lines (2s-np ; 2S-nP) are of small practical value
in this astrophysical research because the few lines which penetrate the
atmosphere have no pronounced Stark effect (except parhelium A 3965,
masked by H, A 3970), and the values of the final terms (2s, 2.5) are such
that later members of these series with appreciable Stark effects are thrown
into the ultra-violet region. The orthohelium lines are shifted toward
the red, while members of the corresponding parhelium series are displaced
toward the violet. 'This contrast is a consequence of the inverted P terms
of parhelium.

Diffuse series lines are of importance in any investigation of Stark
effects. 'The lines are strong ; and the shifts, which are larger than in the
sharp or principal series, are toward the red. An exception with regard
to the sense of the displacement will be found in the first member of each
series (AA 5876, 6678) since here there is no close f (or F) term to repel the
diffuse term. For similar reasons, this exception applies generally to all

first members of succeeding series of types 2P } —mf ; z‘f } —mg ; zl,g)} —-mF;

2s
aF
28
even several members of an electric combination series.

The stronger electric combination lines are usually so close to the corre-
sponding diffuse line that complete resolution in stellar spectra is not possible.
The details in each structure of interest will be given later.

We shall now make a few corrections to statements regarding Stark
effects which are commonly quoted. (i) High fields are not necessary for
Stark effects since 200 v./cm. is enough in either hydrogen or helium to
produce observable effects in the laboratory. (ii) The relation of displace-
ment to field strength is not linear in hydrogen and quadratic elsewhere.
The linear relation develops in hydrogen at extremely low fields and persists
over the observed range with only small second order effects superposed ;
in helium one finds in the ordinary range of fields the quadratic relation
holding at least approximately for most sharp series lines, and for visible
members of the principal series while the linear relation is developed at
moderate fields for most diffuse series lines. The law applying to the
majority of electric combination lines with which we shall have to deal is
too complex to permit brief description. (iii) No members of fine structures
or individual lines in either hydrogen or helium have ever been found with
symmetrical splitting in Stark effect. Such marked group symmetry as is
often observed is built up from individual line patterns which as a rule show

}—mG’, etc. The shift toward the violet may persist through two or
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pronounced asymmetry. Thus in the Stark effect for a member of a diffuse
series in stellar spectra one may expect a broadening due to absorption ;
but (aside from limitations already cited) effects due to external electric
fields alone may be expected to lead only to red shifts.

II. OBSERVATIONAL MATERIAL

The literature upon Stark effect in stellar spectra prior to 1932 had
opened up an attractive and important field of inquiry and had suggested the
need of a very thorough investigation of all the evidence possible. Through
the kindness of the Director, Dr. J. S. Plaskett, F.R.S., the writers were
given the privilege of obtaining spectrograms with the 3-prism spectrograph
attached to the 72-in. reflector of the Dominion Astrophysical Observatory,
Victoria, B.C.* These were calibrated by means of the wedge in regular
use there in 1932.  Subsequently Dr. C. S. Beals and Dr. F. S. Hogg kindly
took for us several spectrograms in the red and yellow regions. Micro-
photometer tracings have been made and the intensity graphs or line profiles
have been constructed. The stars selected for study are :

(r) 88y Peg B2 2amyg H.D. 886 16 plates.
(2) 85 ¢ Herc B3 3m.8 H.D. 160762 6 plates.
(3) 17 Cas B3 3.8 H.D. 3360 1 plate.
(4) 22 { Drac By 3m1 H.D. 155763 4 plates.

From this material 12 normal helium lines have been examined, g electric
combination lines have been definitely identified, and the presence of five
others found to be not incompatible with the observed profiles. Due to
low intensities and large displacements these latter lines can only be expected
to appear as weak band-like depressions of the continuous background.
Comparison has been made with laboratory data both as regards displace-
ment at different field strengths and relative intensities at these fields. A
general summary of the theoretical behaviour and of the observations follows.

ITI. SumMARY OF THE EVIDENCE FROM THE LINES

Wave-lengths indicate zero field positions and the signs + - indicate the
direction of displacement with fields

A Notation Theoretical Description Actual Appearance in Stellar
Spectra
3820 (+) 2p-6d | Electric fields displace it to | Winged to violet, maximum

red, intensity decreasing
with field. Electric com-
bination lines move to
violet, intensity increasing

with field.

spread of 10 A. corresponds
to 25 Kv./cm.

* The writers are indebted to the National Research Councils of the U.S.A.
and Canada for grants towards the expenses incurred in going to Victoria, B.C.
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A Notation Theoretical Description Arol Appse::actnr(;e iRty

4009 (+) 2P—+D | Weak line; fields displace | Weak line ; red wing affected by

it to red. fields up to 8 Kv./cm.

4007 (=) 2P-7P | Low fields rapidly spread | Definitely present in p Peg for

components to violet. low field positions. (Regarded
doubtful by Struve, 4p. ¥.,
1931 Nov., p. 247.) At
higher fields the large dis-
placement causes it to be lost
in background.

40262 (+) 2p-5d Fields displace to red. See | Winged on red side to 4 4030,
fig. 3. indicating fields to 40 Kv./cm.

4025 () 2p-5f Fields to 40 Kv./cm. move | Only on assumption of the
line to red o-2 A. and back presence of this line with in-
beyond zero field position tensities as indicated in fig. 3
to o-2 A. to violet. can the strong violet wing of

the general profile near the
zero position of d be ex-
plained.

4025 (-) 2p-5¢8 Fields displace to violet. Extension of violet wing 4 A.
indicates presence of this line
with fields up to 40 Kv./cm.
Lines f and g fully account
for smoothed violet profile
with no further hypotheses
required.

4121 (+) 2p—5s Fields displace to red. Asymmetrical, winged to red.
See fig. 5.

414377 (+) 2P-6D | Fields displace components | Red wing extends to 3 A.
to red. Shift 3 A. at
12 Kv./cm.

4143 (+ +) 2P-6F | Components cross zero posi- | Cannot be separately identified
tion of D and move 2 A. as it merges with D.
to red with fields to 20
Kv./cm.

4143 (-) 2P-6G | Weak components. Maxi- | Lines G and H merge to augment
mum displacement 1:6 A. inner violet wing of general
to violet at 20 Kv./cm. profile. They cannot be

separately identified.

4143 (- =) 2P-6H | Weak components, displace-
ment 4 A. to violet at
20 Kv./ecm.

4142 (- =) 2P-6P | Moves rapidly to violet and | Violet wing of general profile
becomes more intense with must be largely due to this
increasing field. PP line. In { Drac and

¢ Herc it is definitely observed
in fields up to 15 Kv./cm. ;
in y Peg a line at 4 4137 [re-
corded as unidentified by
Struve (4p. ¥., 1931 Nov.,
p. 231)] could be this PP line
at fields about 20 Kv./cm.
But red wing becomes lost in
continuous  background at
lesser fields.
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A Notation Theoretical Description Actual Appga;igze in Stellar IV. FIELD STRENGTHS
,,,,,,, R R e AP LSS With the aid of laboratory data, it is possible to estimate from the
416897 (+) | 2P-6S | Fields displace to red. Very asymmetrical. Red wing observed profiles of both helium and hydrogen lines the upper limits of the
extelrgds 2 A. indicating field fields that are appreciably affecting the photographic record.
- o - 22 e R ﬁ?ﬁ;u Since the natural width of the lines has not been considered in this
87.93 (+) | 2P-3D | Fields displace to red. See | Red wing of profile extends t determination, some of the values are probably a little high. The earlier
4387 e ey 0 P ¥ g b
g 4. 40 Kv./em. position. members of a series will obviously be expected to give evidence of the
4387 () 2P-5F | Displaced to red and back to | Heavy absorption shown by f hicher field . i g
violet + o0-5 A. in fields to strong inner portion of violet BEEERORGR DIgack-Hode
40 Kv./cm. wing of general profile can Table of Field Strengths
only be explained in terms of
: this line. As indicated by helium and hydrogen lines
4386 (-) 2P-5G | Displaced to violet 4 A. in | Lines F, G, P provide a con- L ="2 e w1
fields to 40 Kv./cm. sistent and sufficient explana-
tion of the entire violet wing Line A y Peg B2 | « Herc B3 ¢ Cas B3 ¢ Dra Bs
; of the general profile.
4383 (=) 2P-5P | Displaced to violet 3 A. in (@) He (weak sharp) 4168 25 Kv./em.| 25 Kv./em.| 15 Kv./cm.| 20 Kv./cm.
fields up to 30 Kv./cm. (b) He (diffuse ; red 4922 50
o e ‘ : - i 1 o (e] 8o (o]
4438 (+) 2P-5S | Fields displace to red. Weak asymmetrical line, winged i 1‘;;8 Z-O Z-O 25 ;7"
e : i i _tirEd' N T A 4026 40 35 30 30
4471-56 (+) 2p—4d Fields displace to red 5 A. at | Red wing of profile for stars At 15 15 5 4
100 Kv./em. See fig. 1. under consideration indicates 4009 8 8
! ) fields up to 60 to 8o Kv./cm. 3820 25
447016 (- -) 2p—4f Flel.ds displace rapidly to | Wide weak absorption from
violet. A 4470 to A 4466 is thus ex- (¢) He (electric com- 2P—4F 50
plained ; but not the rela- bination) 2P-4P 40
tively strong line at A 4471— = 2p—4f 60 60
4469 which has been almost | 2P-5F 40 40
. ) invariably so identified. PEC 5
451765 (—) 2p—4p Flel'ds displace slightly to | Too weak to identify certainly ? SP 9 :
violet. in ¢ Herc ; possibly present in 2P=5 30 =
y Peg blending with weak 2p-5f 40 40
line 4 4518:06 recorded by 2p—58 40 35
Struve (A4p. ¥., 1931 Nov.)
and identified with very weak (d) H (Balmer) 4861 150—200 150-200 180
line N III 4518-18. 4341 45—60 65 75 75
4713 (+) 2p—4s Fields displace to red. Weak, asymmetrical, winged to g o o ¥ =
red.
492193 (+) 2P-4D | Fields displace to red 3-3 A. | Red wing is explained by fields V. INTENSITY MEASUREMENTS
at 40 Kv./cm. See fig. 2. up to 50 Kv./cm. : . ; : :
49206 (-) 2P—4F | Fields displace to violet 2 A. | Part of weak absorption of outer 1. The upper portion of fig. 1 is the t.heoretlcal' dlsplac'emf_:nt a.nd
at 40 Kv./cm. violet wing of general profile intensity chart for 2p—4d and the accompanying electric combination line
;lsot"h‘:; f“”}’l :_"Pllame,d’teﬁ‘st 2p—4f.* An important point which must be very strongly emphasized is
€ relative. n . .« . . . . .
SlssorpEbn, i }Z’em feld that. at its zero field position the f llnc? has intensity zero, v.vhlle its 10 Kv: [em.
A I position. position is already 0-34 A. to the violet, and of intensity only one-eighth
< 5P~ : ~ o< ) ; » :
4 ields displace to violet. \/\/.ea(li{', tx'nO\esﬁ ti)dvxolet 1t~7 A.o, that of the d line at the same field. It thus seems unreasonable to attribute
n (o} . . .
e va/cfrfg s . the }ile]ac\iy absorption at and near 4470, as shown in the profiles in fig. 1,
TN T e T e e — to the f line.
5876 (-) -3d | S i . : i S : -
P73 trong line, very small shift | No Stark effect observed. A quantitative examination of these profiles will now be outlined.
to violet in extremely high
, fields. * J.S. Foster, Phys. Rev., 23, 6, 1924 ; Proc. Roy. Soc., A, 114, 1927, and A, 117,
STyl ot . WL 1927.
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2. A 4471, 2p—4d. The peak of this line shows no appreciable shift
to the red. Therefore a very large proportion of the atoms must be absorbing
if not actually at zero field conditions, then extremely close to zero, i.e.’
small fields predominate. The inevitable deduction from the spectrum

ANaam 2p-4d

e f dr i

100 60 40 30 20 10 O 010 20 30 40 60 100 Kv./em.

[ l

|t | 85.HERC

FiG. 1.

is in general agreement with the theoretical distribution of fields in a hydrogen
atmosphere obtained by Verweij,* who, starting with zero number of atoms
at zero ﬁeld,.ﬁx}ds that the ascent of the distribution curve is very rapid.
Asa preliminary assumption we take 50 per cent. of the central ordinate
as indicating the contribution to the line made by atoms at fields so close
to zero that the term zero field is used in this connection throughout the
present paper. This will be practically symmetrical to violet and to red
where 1t' can be represented by the area A of the red wing. The remaining
area D is the contribution of the atoms being acted upon by appreciable
electric fields up to 60 Kv./cm. or more. The ordinates at 10, 20, 30, 40

* 8. Verweij, Pub. As. Inst. U. Amsterdam, No. 5, 1936.
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and 60 Kv./cm. can be measured. If one uses the relative intensities of f
and d lines as shown in the chart to find the corresponding f ordinates the
resultant values can be indicated at the corresponding positions of the
displaced f line. This method alone, however, may be misleading as it
fails to take account of the differing amounts of displacement of the d and
f lines. Hence the areas of the absorption corresponding to the displace-
ments for field intervals o-15, 15-25, 25-35, 35-50, 50-70 Kv./cm. are
measured in arbitrary units and these areas are multiplied by the ratio f/d
for a mid-position of each range, viz. 10, 20, 30, 40, 60 Kv./cm. (see
Tables (@), (b)). The resulting areas must then be compared with the
available area of the violet wing from the f (zero field) position to the f
(6o Kv./cm.) position. A further refinement takes count of the wing of
the d (o-15) contribution falling to the violet of the d (zero) position. In
order to be generous we assume that there may be an overlap to the violet
amounting to 33 per cent. of the actual area on the red side of d (zero).
The corresponding f/d (10 Kv./cm.) fraction of this must then be added to
the f area over the range o-15 Kv./cm. It is easily seen that since this
theoretical f/d ratio is only o-127, it makes very little difference what
assumption is made regarding the low field 4 intensity, as even in the most
extreme case it is impossible to build up a large f area at the position f
(zero—15 Kv./cm.).

It is seen that the area marked B represents the f line, the area C is
equivalent to the overlap of the violet wings of the d line at fields appreciably
greater than zero, plus the equivalent of area A. What remains is a large
unexplained area X. No matter what assumptions are made as to the
relative areas of A and D, it is impossible to increase B appreciably or in

(@) y Peg 2 4471.

Fields in Kv./cm. d (observed) f (calculated)

o 66 * o

o-15 A2 30

15-25 24 76

25-35 18 82

35-50 16 8.8

50—70 12 8-8

Total absorption in 102 36-4
electric fields D +(C-4) B

d absorption 4 +C +D =168 arbitrary units (see fig. 1).
absorption X =82 units.

h)(__iz_‘_ er cent
A+C+D 168 PP :

* This represents 2 A.
+ This includes the overlap of low field d to violet of d (zero) position, assumed
to be 8 units or 33 per cent. of the portion on the red side of d (zero) position.
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any other way to decrease X appreciably. In almost all the papers on this
subject X is referred to as the f line, and indeed one of the chief arguments
for Stark effect in stellar spectra has been based upon this unacceptable
identification.

In a recent paper by Struve * the point which he regards as requiring
clarification, and which he considers to be now “satisfactorily explained ”
by the hypothesis of collisional damping, is not the existence of the X hump
but the fact that between the X hump and the peak of the main d line the
profile does not more nearly approach the continuous background. From
our investigation it appears that the outstanding problem is the origin of the
entire X absorption. A suggested explanation of this absorption as due to a
resonance phenomenon augmenting the 4 line will be given in Section VI.

In order to test the effect of a slight change in the position at which the
continuous background is drawn in, the following alternative table for
y Peg A 4471 is constructed. 'The continuous background has been lowered
one arbitrary unit.

Fields in Kv./cm. d (observed) f (calculated)
o 66 o
o-15 31 3
15-25 21 6
25-35 15 6
3550 11 i
50-70 6 5
Total absorption in
electric fields } a4 32
d absorption 4 +C +D =150 units.
absorption X =6 units.
e e 8T
A+C+D 150 45 percent.

3- A 4921, 2P—4D. Regarding this anomaly of the strong absorption
at and near A 4470 in orthohelium, we would point out that there is an
exact parallel in the case of parhelium. In fig. 2 are the profile of A 4921
from one spectrogram of y Pegasi and the corresponding chart of line
positions and relative intensities. A quantitative treatment of this profile
on similar lines to that just outlined results in the absorption area X re-
maining completely unexplained in terms of the Stark theory applied to
the D and corresponding F lines, and again we are driven to the resonance
argument of Section VI to account in any reasonable way for this absorption.
It will be seen that the very weak PP line appears over a 1- 5 A. range beyond

its zero field (zero intensity) position at 11-3 A. to the violet of the D zero
position.

* O. Struve, Observatory, 61, 53, 1938 Feb.

p
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(b) ¢ Herc 2 4471.
Fields in Kv./cm. d (observed) f (calculated)
o 8o * o
o-15 59 T 75
15-25 29 9-2
25-35 17 7.8
35745 12 6-8
45-55 9 6-0
5565 6 40
Total absorption in} 132 41-3
electric fields D+(C-4) B

d absorption 4 +C +D =212 units (see fig. 1).
absorption X =102 units.

AR e 8 per cent
A+C+D 212 P :
(c) v Peg 4 4921.
Fields in Kv./cm. d (observed) f (calculated)

o 100 | o
0-20 132§ 24
20—40 97 32
Total absorption in 229 56
electric fields D+(C-4) B

D absorption 4 +C +D =329 un@ts.
absorption X =140 units (see fig. 2).
il e =42 per cent.
A+C+D 329

Some unidentified absorption lies to the violet of F (40) at approx.
S48, 1 tem of

4. A 4026, 2p—5d. In fig. 3 we see that a more complex sys
overlapping lines is obtained, due to the f anfl g le\'rels being very close
together. Similar assumptions to those made in 2 w1th. regard to the red
wing of the d line lead to the calculation of the absorption to be expected

* This represents 2 A. )
1 This in}::ludes 15 units assumed to be the overlap of low field d to violet of d

zero) position, being 33 per cent. of the absorption (o-15) on the red of d (zero)
position.

I 100=2A. . )

§ This includes 33 units or 33 per cent. of the (o—29)_absorpt10n of D red wing,
assumed to be the overlap on violet side of D (zero) position.
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for the f and g lines at various fields. It is seen that the f line rises rapidly

from zero intensity to 6o per cent. of the intensity of the d(10 Kv./cm.) line S5
moving in towards the d (zero) position, then at successively higher fields, -
it moves back toward and beyond its zero position, overlapping the low field
positions of the g line. Thus all the absorption due to f components will
- lie very compactly upon the violet wing of the  line, whereas the g absorption
will be spread out weakly for more than 3 A. to the violet beyond the f o
region. Quantitative work on these lines explains the smoothed profile "
A 4921 2P-4D
l B 9
«—P —F D— | &
403020100 100 403020100 ©010 20 30 4okvfem
, I l l l
o)
it
g T w
< o
/83
%lo&’a‘?/‘
L
o) s
o AT
Fic. 2. «
without any difficulty. There is here no remaining ambiguity or un-
explained major feature and no additional hypothesis seems to be required.
Hence agreement is very satisfactory for both y Peg and ¢« Herc. It may 5
be noted that there remains unexplained a weak absorption near A 4022 0 e
in the g(25-30) region. 'This amounts to 12 per cent. of the total g absorption
in y Peg and 16 per cent. in « Herc, or in terms of the total d line, 4 per cent.
in y Peg and 5 per cent. in « Herc.
5. A 4388, 2P-5D. The corresponding transitions in parhelium are
represented in fig. 4. 'The chart shows how the F lines press in very closely 4 e

upon the D (zero) position for fields up to 25 Kv./cm., afterwards moving
somewhat beyond the F (zero) and G (zero) positions. Thus all the F
absorption to be expected corresponding to the D absorption of the wide
red wing will strongly augment the violet wing of the D line and will
necessarily overlap somewhat to the red of the D (zero) position, thus slightly

15
10

Fie. 3.



162 Prof. ¥. Stuart Foster and Dr. A. Vibert D
f. ¥ ert Douglas, 99, 3 1939 Jan. Stark Effect in B Stars 163
\ 4388 2P-5D
- (e) ¢ Herc A 4026.
~— P G D 8 * : | :
35 20 4,0 0 5 E. <—-———-Io \o\/ F\O 6 ooy e ~ k"lm Fields in Kv./em. d (obs.) ‘ f (calc.) g (calc.)
A 40, 00 ;
I l . e “

l | l l o 64 o \ o

o—15 T8k 52 T 26

15-25 40 38 25

25-35 15 18 13

35745 5 7 5

Total absorption in
electric fields } 138 = ‘ 69

Total d =202 arbitrary units.
Total area d +f +g(o—15) =343 units.

20 I~
Total area from actual profile to position of g(15 Kv./em.) =352 units.
augmenting the near red wing also. Whatever allowance we decide to
s ke make for the overlap of the F absorption to the red of D (zero) must be

subtracted from the postulated value of D (low fields-15 Kv./cm.) absorp-
tion, but has no effect upon the amounts of absorptions at the fields averaging
: 20, 30, 40 Kv./cm. as taken directly from the red wing.

e ' When the G and P absorption over each range of electric field is cal-
culated in similar manner from the D absorption, it is found that the smoothed

profile for 6 A. on either side of the D (zero) position is very satisfactorily
explained—in other words, the violet wing can be completely reconstructed

D e T Pt
from the red wing in terms of the Stark lines associated with the F, G, P
levels, no other assumptions being required.
5 |- MthI (f) v Peg 7 4388. i
Z\lA Fields in Kv./cm. D (obs.) | F (calc.) G (calc.) | P (calc.)
10 85 4 H E RC
(d) v Peg A P Fic. 4. i i ’L_ _,_S._ o
y Peg A 4026. o-15 210 128 59 22
Fields in Kv./cm. d (obs.) f (calc)) g (calc.) 15—2,; Izg iz 3; :;
2503
5 164 ° ) ¥ 3545 15 9 3 9
o-15 136 * o1t 48 Total absorption in}| 5 o \ 9
15-25 52 48 33 electric fields — o . >
25-35 23 28 20 s o e A R it [ L
3545 14 19 15 Total D =709 units. .
Tot : ; Total area D +F +G(o—15) =1023 units.
otal absorption in 225 =86 6 Total area from actual profile to position of G(15 Kv./em.) =1057.
electric fields L1
Total area G(15—45) +P(0-30) =1 18. =2 i
$<0)::ll :r=3?9 arbitrary units. Total area d +f +g(o—15) =_623 units. W
T i
. Thi 2 5 rom actual profile to position of g(15 Kv./em.) =652. * This includes the assumed overlap of d(o-15) to violet and excludes the
s includes the assumed overlap of d(o— t : assumed overlap of f to red of the d (zero) position.
assumed overlap of f to red of the d (zeroI)) positic(m_IS) ERE s + This excludes the assumed overlap of d(o-15) to violet and includes the
1 This excludes the assumed overlap of d(o-15) to violet and includes the assumed overlap of f to red of the d (zero) position.

assumed overlap of f to red of the d (zero) position,
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(g) ¢ Herc 4 4388.
Fields in Kv./cm. D (obs.) | F(calc.) | G (calc.) | P (calc.)

o ' 306 o | o o

o-15 315 192 88 33

15-25 168 118 42 55

25-35 84 56 16 41

35-45 30 19 6 17

Total absorption in) 8 6

electric fields i 597 3°5 b Gl

Total D =903 arbitrary units.
Total D +F +G(o-15) =1376.

Total area from actual profile to position G(15 Kv./em.) =1433.
Total area G(15—-40) +P(0—30) =172.
Area available from smoothed profile over this range is approximately 250.

The exact placing of the continuous background largely determines the
closeness of the fit between the actual and the theoretically expected areas
of absorption.

Small residual amounts of absorption are seen to be in the overlapping
region of the low field P and higher field G absorptions.

VI. CoNcLusION

The evidence presented in this paper confirms and strengthens the
view that Stark effects are present in the helium spectrum of certain Class B
stars. Woolley * has stated that ““the position at the moment may be fairly
summarized by saying that Stark effect accounts qualitatively for all
phenomena shown by H and He lines in stellar spectra except the observed
high central intensities of the H lines.” Our evidence shows that most
of the phenomena shown by He lines are not only qualitatively but quanti-
tatively explained by Stark effect, but that some features, e.g. the heavy
absorption near A 4470 and near A 4921, are neither qualitatively nor quanti-
tatively so explained without introduction of features quite unrelated to
the Stark effect.

In an effort to find some reasonable explanation various possibilities
have been considered. That intercombination lines between ortho- and
par-helium are not the cause was seen by plotting the positions of such lines.}
Nor could satisfactory explanations be based upon assumed doppler effects
nor upon relative intensity changes in absorption as compared with emission.

The possibility that this large effect is due to rapid variations in the
electric field in stellar atmospheres must not be overlooked. There are,
however, arguments in favour of the slowly varying fields presupposed in
the existing Stark effect theory. The asymmetry expected in the case of

* R.v. d. R. Woolley, Observatory, 60, 239, 1937 Sept.
T Foster and Douglas, Nature, 134, 417 (fig. 2), 1934 Sept. 15.
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ies lines i itely present, and the

in sharp series lines (A 4121, )\4168) is definitely p ?
cer;llltriltative I:mallysis of the diffuse series lines, A 402.6 (2?—5(1) and A 4388
?zuP—sD) together with the group of electric combination lines around each,

» PEGASI
|
Aae8
2P-68
|
Aa121
2p-5s8
A—
Fie. &

k
results in intensity profiles very nearly as expected from the theory of Star

in slowly varying fields. . .
eﬂecAt lrrlleivogn}; Vof yatt%xck must therefore be sought in explanation of the

3 o
surprisingly high absorption X and the fact that it lies rathgoillo;sgttct)hz};e
d line than would be expected if it were duedto 2pr—l4.]i“;1 Peeat gy
disturbing features may actually be expected—eve e () diffone Tines
electric fields—if stellar conditions are such as to geasonable s
three or more angstrom units in breadth and (2) atr sty stianton
from the Boltzmann distribution among atomic sta es.f o
upon radiation characteristic of the zero field posllthn (f)i e
bination line, and referring to the important cyc1 e in reg- ro’bable Al
events taken in the direction indicated are certainly m: tIiJon e
reverse order.* In so far as this cycle contro}s thef S:hl;af lix;e e
relatively strong net d absorption in the region o ol % aécompanying
electric fields are present to produce an f line, since A SR VR e
the absorption will be especially weak _at this P‘l))l i, Lo Shikd
the route 4d—>4f>3d. In agreement D Ot:cirat zero field position
expect in varying fields the 2p- f line to be augmen

ons was pointed out by S. Rosseland in

R S A h the origin of emission lines in stellar

1926 (4p. ¥., 63, 218) in connection wit
spectra.
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with maximum intensity shifted slightly toward the d line. There should
be no sharp division between the two lines.

On the present view, we must consider that the anomalous absorption X
is a secondary maximum in the d absorption. Its existence in a stellar
spectrum could scarcely be considered proof that electric fields exist in the
atmosphere of the star.

Nevertheless, the conditions which give broad absorption, through
collisional damping, might be expected to produce local electric fields. The
evidence that this is indeed the case appears to include (1) the extended

4D

2P 2P

Fic. 6.

absorption on the violet side of the diffuse line. Certainly one cannot
expect the d line itself to be broadened more toward the violet than toward
the red, hence the more extended violet absorption actually observed
cannot rest upon the above basis. It is, however, just what must be ex-
pecte('i in the presence of electric fields, and in that case is due to well-known
electric combination lines. The observed violet broadening shows on
the whole a convincing excess over the red and the position of weak maxima
correspond very well to the known lines, some of which are far removed
from the .d llpe, as 2p—4p, 2p-5p, 2p—6p. (2) The broadened red wing of
sharp‘ series lines (fig. 5). (3) The greatly extended wings of Balmer lines
explainable in no other way.
. We must conclude that this entire “line” almost invariably referred to
in the past as the f line is mainly due to the transition 2p—4d—especially
near the f zero field position—but that as one proceeds towards the violet
the contribution of 2p—4f becomes gradually the more important; and
this is equally the case in interpretation of the 2P—4D and 2P—4F absorption.
It. appears then that the d line is reduced to its ultimate form by emission
over 1ts entire spread, this emission being less near the f zero field position
because of a relatively small net leakage from the 4d state to the 4f state
and the' subs.equent emission of that energy in two stages. Hence the
assumptions in Section V, § 2 above, by neglecting the broadening due
to golllslonal damping, obviously overestimate the amount of absorption
attributable to low electric fields, but by so doing we have thrown into
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greater relief the impossibility of accounting for the X absorption on Stark
theory alone.

A test of this leakage might be found by comparison of the intensity of
the yellow line A 5876 in a B giant and a B dwarf. We would expect it to
be relatively somewhat weaker in the dwarf where other spectrum evidence
indicates broader lines.

Similar effects must certainly be present in 2p-5d, f, g, and 2P-5D, F, G,
but the closer packing of the levels renders impossible the separation of
Stark effects and effects due mainly to this resonance phenomenon.

In view of this interpretation it would seem fortunate that the separation
of 4d and 4f lines is such as to give some indication of the extent of the total
absorption as it would appear if there were no associated emission.

Summary.—In the course of an investigation of some typical dwarf
B stars, twelve normal helium lines have been examined, nine electric
combination lines have been identified and the presence of five others found
to be not incompatible with the observed profiles. From these combination
lines and from the broadening to red of sharp series lines the effective electric
fields are determined.

Quantitative analyses are given for the groups of lines associated with
A 4471, A 4921, X 4026, A 4388. The absorption near A 4470 is much too
great and too near A 4471 to receive the usual interpretation as 2p—4f at
low fields.

It is suggested that this absorption (and similarly the absorption near
X 4921) is indeed part of the original broad d line overlapping the f zero
field position, but while subsequent emission reduced much of the line the
absorption remains relatively strong in the position of the f line owing to
resonance between the 4d and 4f levels and a predominantly one-way energy
cycle.

McGill University,
Montreal :
1938 December.
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Student Hearnses

To Know, To Do

A. ViBerT DouGLAS

l AM GRATEFUL for this opportunity to

congratulate the graduating nurses
on the completion of their years of
training for the diplomas which they
have won.

I congratulate their instructors and
supervisors. I have not been an educa-
tor for 30 years without knowing well
the satisfaction of seeing a class arrive
at their graduation after the long hard
climb upwards towards the goal of
their aspirations.

Some time ago I was in London and,
walking down from Piccadilly Circus
towards St. James’s Park, I looked at
the bronze statues of Florence Night-
ingale and of Sidney Herbert, whom
she made her spokesman in Parlia-
ment. I thought of this graduation
ceremony to which T was invited and
the contrast between the status of
nursing 100 years ago and today. How
much the world owes to courageous
pioneers who, not content with the
status quo but seeing a great need or
an opportunity for constructive im-
provement, go forward undaunted by
apathy and opposition. By effort and
thought and faith they achieve the
almost impossible. No wonder the
British government in 1907, when
Florence Nightingale was 87 years of
age, advised the King to confer upon
her the high and most exclusive dis-

~ tinction — the Order of Merit.

There is a little-known poem by
Lord Warren, Baron de Tabley, which
I am going to quote because it portrays
two attitudes to life — that of the
complacent drifter and that of men
and women of the calibre of those who

Dr. Douglas is dean of women at Queen’s
University, Kingston, Ontario. This address
was delivered at the graduation exercises
of the Women's College Hospital, Toronto.

FEBRUARY, 1953

have been leaders in the medical and
nursing professions:

To know, to do, and on the tide of time
Not to drift idly like a cockle sailor
Whose pearly shallop dances on the blue,
Fanned by soft airs, and basking in brief sun,
Then as a cloudlet sinks, with scarce a
ripple ;
But to steer onward to some purposed haven
And make new waves with motion of our
own,

That is to live.

There is the challenge to the young
graduate. To know, to do — to make
new waves with motion of our own.
Neither knowledge alone, nor action
alone is enough. The French philo-
sopher, Bergson, put it thus: “Think
like a man of action; act like a man
of thought.”

A good teacher is not one who helps
students successfully to memorize a
static list of facts but one who gives
students the vision of knowledge as a
great river flowing through the cen-
turies, gaining volume and momentum
by the trickles and streams and tribu-
taries of new knowledge being added
to it continually. This dynamic picture
of knowledge implies that we must
continue to learn and to study if we
are to keep abreast of knowledge. It
is hard work but it is essential if you
are to maintain your professional
standing. You will come to take a pride
in so doing.

I hope some of you will go on sooner
or later to post-graduate courses. I
hope you will become research workers
while you practise your profession
with minds and imaginations open to
new ideas, possibly new methods and
approaches to old problems. Some of
you may become teachers and, if you
do, put all the enthusiasm of which
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you are capable into your teaching and
keep the dynamic picture of knowledge
before you.

Your profession is often described
as both an art and a science. As a
science it demands conscientious ac-
curacy and sound basic knowledge of
the fundamental subjects of chemistry,
physics, biology, anatomy, bacteriol-
ogy; it demands skills and techniques
undreamed of before the discovery of
radiology and the many new sub-
stances used in chemotherapy; it calls
for comprehension of the scientific
method, observation, induction, de-
duction, experimentation, fertile ima-
gination and critical assessment of
results.

As an art, nursing calls for great
human qualities of heart and hand, of
mind and spirit. No one can possess
and develop these great human qual-
ities whose outlook is narrowed to the
purely professional aspects of the day’s
work. You will be dealing with people
who have been strong and active, who
have carried responsibilities, have read
and thought perhaps widely and deep-
ly, who may have renewed their spirits
with music and the arts, who have been
citizens, perhaps with vision beyond
the municipality to the nation and out
into the international field.

Can you do a first-class job for the
sick people entrusted to your care un-
less you are yourself an educated wo-
man in the best sense of that word?
You should make time to read widely,
to see what is beautiful and interesting
in art and drama, to hear some good
music, to keep aware of current events.
“Reading makes a full man”, wrote
Bacon and your aim should be to
make for yourself a rich, full life, so
full that your zest and ideas overflow,
bringing fresh ideas and stimulating
thoughts to your patients from time
to time and according to what you
discover to be their interests. Anyone
with “a sizzling enthusiasm for life.”
to borrow Osbert Sitwell’s phrase, will
be like a breath of fresh air, like a
stimulating ray of ultraviolet light,
bringing new hope and encouragement
to the sick in body and mind and spirit.
No one can overestimate the influence
of a nurse of character who has gentle-
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ness and dignity, kindliness without
sentimentality, efficiency with deep
sympathetic understanding — over
and above all, a woman of character.

You who are pledged to the tasks of
restoring and of maintaining health are
part of a vast international army whose
campaigns are wholly constructive.
When the World Health Organization
came into being with 61 nations sign-
ing its Constitution on July 22, 1946,
a challenging definition of health was
put as an ideal before the world —
health as “‘a state of complete physical,
mental and social well-being and not
merely the absence of disease or in-
firmity.”

We should all make the effort to
know more about and talk more about
the great work being done by these
agencies of the United Nations —
WHO, FAO, IRO, UNICEF, and
Unesco. How many people realize the
tremendous task which faced IRO in
1947 and the unparalleled achievement
which was reported to the General
Assembly of the U.N., meeting in
Paris? I have seen some of those D.P.
camps in Germany and know some-
thing of the difficulty of restoring and
maintaining health ‘in these crowded
camps of war victims — men, women,
children — many of them weak with
undernourishment, exposure and hard-
ship, after forced labor camps or re-
sistance work, overwrought with tra-
gedy and loss of relatives, of home
and homeland — people for whom the
future was one large question mark.
In its four and a half years IRO
transported to new homes all over the
globe more than 1,000,000 people,
many in its own ships — at its height
said to be one of the greatest fleets in
all history. It repatriated 73,000 but
over a million others for political
reasons could not return home and
were resettled in other countries.
Eighteen member governments con-
tributed $400,000,000 for this stupen-
dous task, “probably the most remark-
able achievement of any international
body in peacetime.”

I think we do well to remind
ourselves, and those with whom we
live and work, of the many things
going on around us which are good
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and true and constructive. Only by sg
doing can we avoid being 'oppress;

and discouraged by the evil, selﬁi -
ness, suspicion and unrest which em'?t
in the world today. We need the stabil-
ity which comes from facing the factvs
of existence courageously and honestly.
No wishful thinking can produce sta-
bility. Let us seek the truth and think
our way through to a phllosophy of
life and behavior that rings true to

our experience.

I think our mental and spiritual
stability depends upon the sincerity of
our belief in the ultimate supremacy
of good over evil, of truth over falsci
hood. But truth is the daughter o
time, as Bacon realized three centuries
ago. The forces of nature, mplu(lmg
human nature, work slowly, with few
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THE SUMMER SKY
By A. ViBerr DoucLas

HERE are many who love the restful quiet of a summer evening
and are wont to wander forth to watch the last rays of the
setting sun and the soft after-glow which gradually fades away
leaving a star-studded sky. But how few, comparatively, can point
out more than two or three constellations or name the half dozen
brightest stars which shine forth from the summer sky! “The
study of the heavens,” said Sir Robt. Ball, “of boundless interest and
of exquisite beauty, leads to the contemplation of grand phenomena
in Nature and great achievements of human genius.”

The natural starting point in a survey of the heavens is Polaris.
This giant star, of absolute magnitude —3.0, is so far distant from
our little Solar System that it has only an apparent magnitude of 2.1.
It might perhaps be explained that the apparent magnitude of a
star is measured on a logarithmic scale of brightness, the 6th mag-
nitude being fixed traditionally and each magnitude above that
(namely 5, 4, 3, 2, 1, 0, —1, —2, etc.) indicating approximately two
and a half times more light. The classification is done both visually
and by photometric means. The absolute magnitude ofa star can only
be ascertained if it’s distance be known. By convention the scale of
absolute magnitudes is formed by calculating what would be the
apparent magnitude of the star if its distance from the Sun were
10 parsecs, the parsec being a unit of distance defined as that
distance which corresponds to a parallactic angle of one second.
The parallax of a star is the angle subtended at the star by the radius
of the earth’s orbit. Since the distance from the earth to the sun is
known with great precision, and the angle of parallax for a star
can be obtained very accurately by methods similar to those used in
land surveying or by a spectroscopic method, highly developed in
the last few years, it becomes a simple trigonometrical computation
to ascertain the distance of the star. A parsec is approximately
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equivale_nt to the distance traversed by a ray of light travelling for
three years at a speed of 186,000 miles per second.

The altitude of Polaris, or its angular distance above the
horizon, is the measure of the latitude of the place where the
observer is stationed. In the vicinity of London, Eng., this angle
is 51°, at Montreal 46°,

Two well-known constellations lie one on either side of Polaris
—Ursa Major and Cassiopeia—the former known as the Great Bear
the Dipper or the Plough, and the latter as the V. The esries of’
bright stars, more or less equispaced, under and around the end of
_the W, known popularly as Cassiopeia’s Guards, form parts of two
interesting constellations. Those under the W belong to Andro-
meda while the next two with two others behind them, forming a
great square, are in Pegasus, the Flying Horse.

‘ In the mythology of the ancients, Cassiopeia was the beautiful
wife of Cepheus, King of Ethiopia, and Andromeda was their
daughter, who, to appease the wrath of Neptune, was chained to a
rock to be devoured by a great monster, this awful fate being
averted by her rescuer, Perseus, whose wife she afterwards be?z
came.

The constellation of Perseus lies too low on the north horizon
to ‘t?e well seen in summer, but in the winter sky it is almost at the
zenith and is interesting because it contains the remarkable variable
star, Algol. Better placed at this season is Cepheus which lies just
above Cassiopeia towards the zenith. King Cepheus, one of the re-
nowned Argonauts, who under the leadership of Jason sailed from
Greece to Colchis to bring home the Golden Fleece, was supposed to
have bee.n changed into a constellation at his death.

'Turmng now to the southern or southwestern sky, the brightest
object, far exceeding all the fixed stars, is the planet Jupiter. Fourth
jbut largest child of our parent sun, he sweeps around his great orbit
in abou.t 12 years, while his motion relative to that of the earth in
her orbit makes him seem to move gradually backward or.forw'ard
amongst certain of the constellations.

WellOf th.e fixed stars the brightest in the summer sky is Arcturus,
up in the west. TIts apparent magnitude is 0.2 but it is com-
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paratively near our sun and its absolute magnitude is only 1.2. The
group of smaller stars about it form with it the constellation of

Bootes, the Herdsman.

Low in the south is a very beautiful group looking like a giant
rocket bursting forth its stars: this is Scorpio, supposed to be the
scorpion which Diana sent to sting to death the giant Orion who had
offended her. Orion, not visible in summeg, is the chief glory of
the winter heavens. Antares is the brightest star of Scorpio and
its immensity and distance can be judged from the figures, absolute
magnitude —2.7 and apparent magnitude 1.2.

Very high in the cast and almost as bright as Arcturus is Vega,
the gem of the constellation Lyra, the Harp from which Orpheus
drew forth his strains of all-compelling melody. A line joining
this star to Arcturus passes first through the constellation of Her-
cules and then through Corona. It is interesting to note that it is
towards a point in the vicinity of Hercules that our Solar System
appears to be moving. This point, termed the Apex of the Sun’s
Way, gives the direction of motion of our sun relative to the
controid of all the known stars. One of the “great achievements of
human genius,” surely, was the approximate location of this point
by Sir Wm. Herschel towards the close of the 18th century, from
his observations of the movements of only seven stars. One of the
main objects of modern investigators has been to determine the
motions of some thousands of the stars, so that the Apex is now
known with what is probably a fair degree of precision.

Not far from Vega towards the north-east is another bright star,
Deneb, in the group known as Cygnus, the Swan. It lies in the
Milky Way distinguishable as a cross with it’s head, Deneb, towards
Cassiopeia. There is a double star of historic interest in this con-
stellation known as 61 Cygni. In the years 1837-39 the great
mathematician and astronomer, Bessel, observed this pair of stars
and determined their distance from the sun with a precision never
attained before his time. For many years it was thought that, with
the single exception of Alpha Centauri, visible as a 0.3 magnitude star
in the southern hemisphere, these stars were our sun’s nearest
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neighbours but modern measurements have revealed three other
stars to be slightly less distant than 61 Cygni.

Below Vega and Deneb in the south-east is another bright star,
Altair, in the constelation of Aquila, the Eagle. Mythology tells of
Merops, King of the Island of Cos, who was transformed into an
eagle and set among the constellations.

- Two other bright stars must be mentioned though both lie too
near the horizon to give their full brillance: Spica low in the south-
west and Capella low in the north. Spica, in the constellation of
Virgo, is an important star in navigation, its distance (angular)
from the moon being used in one of the ways in which a mariner
may determine his longitude. The ancient poets sing of
the Golden Age when Astraea, the virgin Goddess of Justice,
dwelt among men; and of the succeeding age of wickedness when
she wearied of mankind and, returning to heaven, was placed among
the constellations as the Virgin holdiing in her hand the Scales of
Justice. ' : '

Capella, brightest star in Auriga, with an apparent magnitude of
0.7, lies almost in a straight line with Polaris and Vega, its nearest
casterly neighbour being Perseus. Tt is in the winter sky that
Capella shines forth with greatest beauty, being the highest in the
sky of that marvellous group of bright stars—Castor, Pollux,
Procyon, Sirius, Betelgeuse, Rigel and Aldebaran—now for a
season withdrawn from our view.

The summer sky differs in many respects from the winter sky
but who shall say that the glory of the one exceeds the glory of the
other, for each presents one aspect of an unfathomable universe
whose “boundless interest and exquisite beauty” refresh the mind
and soul of the thoughtful star-lover, and doubly reward the per-

siste.nt investigator by yielding up one by one some of the secrets
of time and space?

McGill University,
Montreal, Que.
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Sybols He Stone

By DR. A. VIBERT DOUGLAS

Dean of Women

WHEN plans for the extension ta

Ban Righ Hall were nearing com-
pletion it became apparent from the
architect’s drawings that five large
rectangular and five smaller square
stones were to be carved and placed
above the first and second bay windows
immediately over the arch of the en-
trance at the corner of University and
Stuart streets. Instead of conventional
geometric and leaf designs, it seemed
appropriate that these ten stones should
convey in symbolic form some of the
ideas and the ideals most closely as-
sociated with a university whose tradi-
tions are those of learning and of re-
ligion, a university whose crest contains
the words Sapientia et doctrina stabili+
tas, words based upon a verse in Isaiah
33: “Knowledge and wisdom shall be the
stability of thy times.” The verse which
precedes this reads: “The Lord is
exalted, He dwelleth on high, He hath
filled Zion with judgment and righteous-
ness.

In the light of these thoughts, it
seemed appropriate to place in the
upper row the symbols for God, in
whom we live, move and have our being,
in whom and to whose glory all our
works are begun, continued and ended.
Hence on the first and fifth stones are
carved in plain simplicity the Greek
letters Alpha and Omega.

The second and fourth stones, in con-
trast to the symbol of the Eternal, por-
tray finite time, the natural unit of
time which we measure our opportuni-
ties to grow in knowledge and wisdom,
and measure off the span of human life.
Thus the ancient symbols for the begin-
ning and end of the year, the first and
twelfth signs of the Zodiac, Aries the
Ram and Pisces the Fishes, are por-
trayed in close accord with the beauti-
ful seventeenth century drawings of
Bayer. These drawings were based on
Aratus’ descriptions of the old Baby-

lonian and Chaldean constellation fig-
ures which were current at least as early
as 2700 B.C.

The historian Esdras relates a contest
which took place in the court of Darius,
King of Persia, when the young men in
attendance upon the king competed as
to which of them could say the wisest
thing. One said, “Great is truth and
mighty above all things . . . it endureth
and is always strong, it liveth and con-
quereth forever more”, and King Darius
gave judgment, “Thou art found wisest”.
How best can truth be symbolized? Not
relative truth but absolute truth, inde-
pendent of epoch and the relativity of
human affairs? The marvel and the
mystery of numbers, the beauty of the
mathematical relationships  between
numbers, between even irrational and
imaginary numbers, can be illustrated

g
by the following equation e = —I.
The letter ‘e’ represents an infinite series
whose sum is an irrational number, the
base of Naperian logarithms; i is the
imaginary number whose square is equal
to —I; and = is the well known ratio
of the circumference of a circle to its
diameter in Euclidean geometry. This
equation is carved on the central stone
on the upper row. There is sublimity im
this amazing relationship which the
mind of man has discovered but did not
invent — it partakes of the nature of
absolute truth and the more one thinks
about it the more one feels something,
of that awe which Moses felt when he
seemed to hear a voice saying, Take off
thy shoes from off thy feet for the ground
on which thou standest is holy ground-

The Irish writer, Don Brynne, tells of
a certain man — “He went out upon the
mountain side to gather a few sticks and
he found — the burning bush.” This is
an experience which we covet for every
one of our students, so that each at some
instant of revelation may see below the




surface of things and feel impelled to
say with Christopher Fry, “Reality is
incredible! Reality is a whirlwind!” or
with Henry Vaughan, “I saw eternity
the other night . . .” To some students
this flash of insight may come through
philosophy, to others through literature
or history or science; to many it will
come through religion, to others through
art; to some by a direct apprehension of
“the wonder of the beauty that is mani-
fest in the world”, or, as was the case
with Pascal, by recognition of the divine
in human personality. However it may
come, its importance to the student and
the scholar is immeasurable; and so the
central stone of the lower row is an un-
conventional representation of the burn-
ing bush.

On either side of this central stone
are modern representations of classical
goddesses. One, symolizing Light and
Learning, with a lamp of learning in her
right hand and a scroll in her left, may
be identified by Queen’s undergraduate
women with their Roman goddess
Levana. The other holds the scales of
justice in her right hand while a dove
of peace is perched on her upraised left
hand. She may be identified with the
Greek goddess of justice and fair play,
modesty and truth, Astraea, daughter of
Zeus; and not without reason would the
dove of peace alight upon her hand,
for Astraea is no blind goddess like her
mother, Themis.

The two remaining stones are placed
one beyond each goddess. At the north
side the carving represents the arts,
music and painting. An artist’s palette
with brushes is in the upper left, a Greek
lyre in the lower right, and diagonally
across the rectangle are two bars of
music, the notes being taken from the
Women’s March composed by Dame
Ethel Smyth early in this century. At
the south side is carved an open book,
the book of kmowledge, with ancient
plume and modern pen placed behind
it to symbolize the task of discovering
and recording knowledge in the past,
and the challenge of seeking out, find-
ing and compiling new knowledge.
Across the pages is inscribed the date,
1951, when the building was begun.

These then are the ten symbols in
stone over the entrance to the large new
Adelaide wing of Ban Righ Hall. Tt is
fitting that grateful tribute be paid Mr
Colin Drever who gave generously «
his artistic talents and time to desig:
these carvings with only the simplest
small sketches as starting points. Per-
haps for many years to come students
entering and leaving this building, and
others who pass by, will cast a glance
up at these carvings and find their
curiosity ~stirred and their interest

awakened. ~ If these symbols give

pleasure to some and lead any to think
out their significance, they will serve the
purpose for which they were planned.




