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ABSTRACT

e 0 o 6 08 50 00

The spectroscopic absolute magnitudes and parallaxes
of 200 A stars have been aetermined,

The material used was the large collection of l-prism
slit spectrograms of the Yerkes Observatory. Zighty stars
having reliable trigonometric or cluster parallaxes were
made The basis orf calibration and seven criteria have bneen
foﬁnd giving correlatvions with abgsolute magnitude, namely -
width or K, Hy, X481, and intensity ratios \4215/14227,
Na258/ Me227, Na555/ 4481, raba9/ 4481,

Relative to the standara sﬁars,~the systematic error
of the magnitudes is -0.04 z2nd the probable error *0.,5 .
Relative to 108 Mt.#Wilson spectroscopic magnitudes the sys-
tematic error is +0.09 and the probable error 0,5 .

The Shajn Double Star test applied to 12 pairs gives
satisfactory evidence in favour of the accuracy of the mag-
nitudes, but an attempt to correlate magnitude with reduced
proper motion gave a null result.

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

Various problems involved in the interpretation of the

spectra of A stars are discussed.




PART 1

Introauction.

The young science of astrophysics is the airect and
natural outcome of three of the oldest of all the sciences -
astronomy, mathematics and physics. Arising as it aoes 1rom
this triple allisnce it is endoweda with the astronomical
wisdom of the ages, it wielas in its hana the poweriul
weapon of mathematical reasoning, it adapts to its use the
most exquisite instruments of precise measurement that physics
can devise and thus equipped it strides boldly forward into
new and ever wWider realms of thought and realms oi space

with all the courage and enthusiasm or youth.

In the days of ancient Greece, Aristotle taught, and
Ptolemy of Alexandria perpetuatea the rgllacy, that wheresas
terrestrial things were composeda or ifour "elements", earth,
air, fire, water, the celestial boaies - sun, moon, planets,
and stars - were composed of & riith element, a perrect sub-
stance, unchanging and unchangeable, the "quintessence". As
long as this ides held sway in the minds af men, a sclence
of astrophysics wes impossible. For physics aeals essen-
tially with change - change of position, change of coniigura-
tion, change of state, change of energy distribution -
change of some kind oxr there ig no physics involved, save

only in one limited subdivision or physics, namely, statics;
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and even in statics the idea 01 change cannot be wholly
avolidea for many of its problems are solvea by recourse
to the principle of Virvual Work, a principle the basic
iaea o1 which is the eirect of changs.

When Galileo turned his hana-made telescope upon the
Sun and round upon its suriace strange, aark markings which
alterea both in shape and position irom aay to uay, ne
threw aown ana tramplea under foot Iorever the uogma oi
the immutable trirth substance. There were changes on the
face of the Sun, great convulsions which aarkened portions
01 its aazzling surface; There were small satellites which
moved round and round Jupiter; there were stars which
blazed Iforth a temporary brilliance - all testizied to a
great law oif change ruling in the heavens as well as upon
the earth; ana rrom the moment this was realized a science

of astrophysics became theoretical Ly possible.

When Isaac Newton passed a beam OI suniight through a
glass prism ana obtained thus a separation or its rays,
the beautitul oruerly array oOr spectrum colours, ne acnieveu
the rirst step towards making a science oi astrophysics

practically possible. For since there is no means oi gain-

ing inrormation about the stars save that which can be
read in the beam oi starlight itself, the rirst essential
to the problem of disentangling the riddle of the stars is

to be able to analyse star light.
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1
In the judgment oi F., J, M, Stratton, the science of

astrophysics may be saia to have had its actual beginning
when in 1802 Wollaston observed that the spectrum ol sun-
light dia not consist merely or a coloured band or 1ight,
but also of certain sharp narrow dark lines crossing the
spectrum gt right angles to The airection in which tThe
colour changed from red to violet, He noted seven such
lines.

In 1814 Praunhorier made a more aetailed stuay ox the
solar spectrum anda mapped 574 of these aark lines., He
compared also the lines in the spectrum or direct sunlight
and of sunlight reflectea rrom Vemus, For his pioneer
work in spectroscopy the scientitriec worla honours him by
referring to the solar lines as "Fraunhofer lines".

Forty-five years elapsed before an explanation of
these dark lines in the solar spectrum was rforthcoming
and then it was Kirchorf whose insight enabled him to
associate each dark line with & derfinite type or atom in
the outer atmosphere of the Sun, He realized that cool
gases will absorb just those radiations which theycan
themselves emit if raisea 0o suiriciently high temperatures
and hence they rob the out-streaming solar radiation of
certain aerinite rrequencies, Thus the resulting absorp-

tion lines give an indication of the elements composing

the solar atmosphere,.
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The pioneer in the application o1 spectroscopy to
starlight and the rirst to aesign & spectroscope by which
he saw and gtuaiea the inaiviaual stellar spectra, and
hence in a very real sense aeserving of the title of
FPather of Astrophysics, was Sir William Huggins,

The step rrom the visual stuay ox star spectra to the
obtaining of a photographic recora or their spectra was
teken in 1872 by Henry Draper., ©Shortly afterwardas at the
Harvara College Observatory, & line of research was
initiated which has progressed unceasingly, and has lea
to several critical attempts to classiry the stars accora-
ing to their spectra, culminating recently in the completion
of the Henry Draper Cataloguezor over 200,000 stars,the
spectra of which are classiriea by Miss A, J. Cannon.

Hartmann of Potsdam achievea the accurate measurement
of the wavelengths of the absorption lines in a spectro-
gram by means of & comparison e spectrum whose lines are
known and which is photographea on the same plate as the
star light, both above and below it. Thus it became
possible by the precise measurement of line positions fo
deduce their shirt towaras the red or towaras uhe violet,
if such shift existed, ana in this way by the application
of Doppler's principle to calculate the velocity in the

line of siéht.
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With the beginning of the twentieth century there came
an almost startling savance in the realm oI pure physics,
The work of J, J, Thomson and others on the nature oI the
electron, and the investigations oxr Rutherfora and his
assoclates into raaioactivity ana the nuclear structure
or the atom led to the theoretical work ox Bohr upon the
hydrogen atom, and this gave 10r the 1irst time & reason-
able explanation of the empiricai racts 0f spectroscopye.
The elaboration of his theory by Bohr and &lso by

-
Sommerfeldahas greatly amplified and strengthened this
physical basis for the interpretation ol spectra, ana
astrophysicists were not siow to recognize that nerein
lay the path To the understanaing or the physical condi-

tions prevailing in stellar atmospheres,

Absolute Magnituae and Parallax: One of the great problems

of the astronomer is to aetermine the absolute magnituue

01 a star, Apparent magnitudes were placed upon a logical,
though of necessity a quite arbitrary, basis by Sir John
Hérschel about 1859, but apparent magnitude is a rfunetion
of the star's distance firom the solar system as well as of
the actual ﬁhysical properties of the star, whereas absgo-
lute magnitude on any arbitrary scale is a function only

of the physical condition or the star. By almost universsl
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agreement the absolute magnitude of a star is taken as
equal to the apparent magnitude wiich it would have it
vieweda Irom & aistance or 10 parsecs -- a parsec being the
distance corresponding to a parallax of one second OI
arc, that is to say, the angle at the star subtenced by the
Sun-earth distance is one seconu ir the uistance to the
star be one parsec, |

If apparent mag.itude be denoted by m, absolute magni-
tudelby'gland parallax by p, & very simple relation can
readily be shown to exist, as Iollows:-

M =m + 5 + 5 108« Do

It is thus evident that given m and p, it is possible ©o
calculate M and this has been the road of approacih oI tne
astronomer. He measured by trigonometric survey o1 thne
sky the distance of the star, or in & few particular
cases deduced its distance Ifrom its proper motion, and then
he calculatea its absolute magnitude. The approach to this
problem by the astrophysicist has been irom the opposite
airection, He attempts to interpret the star spectrogram
in such a way as to deduce its absolute magnitude and then
from this and its known apparent magnitude he calculates
the parallax,  Values of luminosity and aistance thus ob-
tained are called Spectroscopic Absolute Magnitude and

Spectroscopic Parallax,

The tirst step towara the spectroscopic determination of

absolute magnitudes was taken independently about the year
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1914 by Hertzsprunésand Kohlschﬁtteff They found that

two spectra might be so similar in general uppearance as
to rall naturally into the same class and yet in & Iew
particular aetails exhibit such markea airfference that each
could be readily identifiea. Thus the two stars «Tauri
and 6l'Cygni are both placed in spectral classification K

( « Tauri K5, 61" Cygni K7) and yet close examination
shows important differenceé in certain lines in Lhe two
spectra, for example, the calcium line (A 4455) is weak

in the 1ormer ana strong in the latter, whereas the stron-
tium line ( A 4215) is strong in the iirst case ana weak in
the second, These facts of observation acquire a signifi-
cance as soon as two things are realizeda: (1) & Tauri is

& very luminous giant star or absolute magnitudie 0.4 whereas
61% Cygni is intrinsically faint, a dawarf star of absolute
megnitude 8,0; (2) the calcium line ( A 4455) is associated
with an energy change occurring in a normal calcium atom,
whereas the strontium line ( A 4215) can only be proauced
when strontium atoms are unaer such physical conaitions
that ionization of the atoms has vaken place, or in other
words, that the outermost electron or each atomic system
has been removed leaving each strontium atom no longer
neutral but with an excess unit positive charge., Thus
since it is known that high ionization implies a low gas
pressure in that portion of the stellar atmosphere in
which the "enhanced" line originates, it follows irom the

above mentioned racts, that high stellar luminosity is vo
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be associated with low pressures, and a consequent increase
in ionization, whereas low luminosity is impliea when the
spectrum shows & relatively weak ionization and & strength-
ening of the lines of the neutral atoms.

These were the ideas aeveloped by the iirst and chief
worker in the field of spectroscopic parallaxes, W. S.
Adaméi who by 1916 had founu more than a aozen lines sensi-
tive to changes in physical conaitions in the stellar
atmospheres and thererfore suitable as the basis of a system-
atic search for a quantitative relaition between the relative
intensities of selected lines ana absolute magnituae. Making
use at firgt of 125 known trigonometrical parsllaxes he 1ound
that satisfactory relations did exist between thnese 1actors,
ana in 1917 he published a preliminary list oI absolute
magnitudes ana parallaxes thus uetermine&i By 1920 Acams
and three or his associates at Mt., Wilson had determined
these ractors for lo4o stars: and two years later 544 more

8
were added.

Since that time several others have been darawn into this
work either as contributors to the theoretical basis or as
partakers in the actual task of inverpreting spectra with

o1

3 .
this end in view, Of the former Pannekoek, Stewart and

12 -
Eddington are the chief, Pannekoek has pointed out that the
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difference in the relative intensity of selected spark and
arc lines (due respectively to an ionized ana a neutral
atom) in two stars indicates the aifrerence in luminosity
only inairectly -- it is in reality a measure of ithe airrer-
ence in vhe value of surface gravity on the two stars and
suriace gravity is proportional vo ithe ratio or mass .o
luminositye.
g:UM/L

Where g = gravity, M = maSS, L - luminosity and o = suriace
brightness, a constant ifor =« given spectral class., Hence if
a star's mass ailrferea greatly irom the average mass of
stars of its class, the spectroscopic absolute magnitude
woula be very much in error.

The important result obtainea by Eddington connecting
mass and luminosity in tne form

L - f(M)-+ Const,

has & airect bearing in this connection ior it shows that
luminosity may be intverpreted as a Iunction oi gravity only,
within a spectral class. Thus Pannekoek's main grouna of
criticism of the accuracy of speetroscopie parallaxes is
rendered less serious,

Stewart has discussed the effects orf difrerent pressures
upon radiating anda absorbing atoms and has drawn attention

to an important point in connection with the width of lines

in the stellar spectra, namely that in giant stars, in con-

trast to awarf stars, the pressure is low and the intensity
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of an agbsorption line will be greater on account oi the
greater depth of atmosphere; s&lso the line will be narrower
and sharper because even at this greater aepth the pressure
is less, there being both a lower surface gravity ana a

smaller pressure gradient than ior a dwari,.

Following upon the work at Mount Wilson several otlher
observatories equipped Ior bLaking slit spectrograms have
undertaken the examination of their plates with tne same
purpose in view., At the Dominion Astrophysical Observatory,
Victoria, B.C. this has been accoﬁplishea wlth marked
success by Young and Harper? They based their determinations
on ratios of rourteen pairs oi spectral lines, some of which
hadalready been shown suitable by Adams, others ox which
they found ror themselves and aemonstrated tO0 be reliable.
Their list of 1105 spectroscopic parallaxss showed such
& good agreement with the Mt, Wilson values that conriaence
in the method has been consiaersbly strengthened.

At the Observatory oi Upsala, carerul aeverminations
have been made by Lindblagﬁénd at the Norman Lockyer
Observatory, Devon, valuable contributions nave been made

167,18 - 12,20
by Edwaras ana Rimmer. Bach worker evolves hils own inaiviaual

methoa applicable to the class o1 spectra he 1ls examining,

but the fact that aiverse minas rollowing diverse methods
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proauce results which are conrirmatory ana harmonious is
surricient to encourage others to continue the quest ana

to inspire them with an assurance that the gquest will not

prove rruitless,
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PART II

During vhe summer oI 1925 the writer hela an @ppoint-
ment as Volunteer Research Agsistant ror iour months &t the
Yerkes Observatory, Willisms Bay, Vis. (Universivy oi Chicago)
The Director, Dr, E, B. Frost oxfered the writer, as =a
research problem, the aetermination of the Spectroscopic Ab-
solute Magnituaes and Parallaxes ofi A-type stars., For this
purpose there were available several thousana spectrograms
of about 500 stars of spectral classirication A0 to A9, or
taking the next sub-class above anda beiow, B9 to FU. A selec-
tion from these was t0 be made incluuing as meny stars as
possible ror which relisble group or trigonometic parallaxes
were available, these to Iorm The basis oI calibration.

All these spectrograms were taken at the Yerkes Obser-
vatory with the 40~-inch reiractor ane Bruce Spectrograph
attachment. They are l-prism spectrograms naving a dispersion
of 504 to the millimetre at 14500, while irom Hp to H
approximately leE, is 9B mm.

This problem presented many zreatures oI interest and
of aifficulty, ror though considerable work has been uone on
spectroscopic magnitudes or the later type stars (F,G,K,M),
comparatively little has been done upon spectra oI class 4,
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
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silicon and or a 1ew other elements; but in the spectra OI A-sSiLars,
especially Ao, there are very Iew lines well derinea with the
exception or strong hyarogen lines ana the H ana X lines oI ionizea
calcium,

The following Table summarizes the criteria upon which other
investigators have aepended in their aeverminatvions or spectroscopic
absolute magnitudes, ana ror The sake 0I compleiveness the criterla

usea in the present investigation are included:
(INSERT TABILE I HERE)

Examination of the Yerkes spectrogramg made 1t evident that

new criteria woulu have TO be soughi. The lines AN4326, 4584

employed by Adams a0 not appear abt all on the Yerkes plates
of Ao stars, ana even in Al and A2 stars ir vhese lines are
present uhey may be so faint as (0 make relative intensiiy esti-
mates impossible.

The comparison or the density oxr the regions usea with such
success by Lindblad is ruled out in the present ecase because the
range or tne Yerkes l-prism plates is from just to the red o
H to just to the violet of K, approximately A 4900 to A o920,
Thus the bands at AA3884, 3907 are heyond the range oi tinese
spectrogramss.

The widths of the hydrogen lines shoula, theoretically, show
a correlation, but that this extenas throughout tne range ozx

2526

A spectra is aoubted by Harvard investigators.
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TABLE I
Investigator Ref,

Spec. Class Criteria

B

Adams 21 Correlation with spectial
Joy cless based chierly on
helium ana hydrogen lines
a8 in Harvara system, but
with "nebulous™ and "sharp"
subdivisions. - -
B Edwards e AX 4471, 4388 (helium) with
' Hy. 24144 (helium) with Hg
B8~ Lindblad IS Comparison of regions
-A3 3884 - 3907 and AA3907 -
5935
B9 adams 8 Correlstion with spectral
-A9 Joy class based chierly on
‘ - AX4026, 4471 (helium) and
AN 4326, 4584 (Fe)
\a Struve 22 Width of)4481 (Mgt)
i Douglas - Width of Hy, K, \4481;
intensity ratios ifromAX4215,
42237, 4253, 4481, 4536, 4549.
A~ Abetti 24 Correlation with spsctral
-F5 class involving trigonometrie
al, cluster, and all avail-
able spectroscopic dats from
Mt, Wilson, Victoria, Sid-
mouth ana Arcetri,
P~ -Adams 7 Selected ratios from AX4072,
etce 4290, 4455, 4462,
P- Lindblad 15 Arc line A3900; Cyanogen
-M bands A2 4144-4184, 4827- 4272,
39935, '
P Rimmer 3 Selected ratios irom 4072,
~M 4077, 4215, 4227, 4250, 4271,
4290, 4444, %455, 4462,
P Young 03 Selected rgtios fromtlh4072,
-M Havpev 4077, 4168, 4168, 4215, 4247,
4250,42568, 4271, 4290, 4455,
4482, 4489, 4494, 4496, etc.
_ﬁ- Macklin PEN Selected ratios fromkk4174’

4227, 4290, 4326, 4387,4444.
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For ihe early A-stars, however, the writer relt thatthis line
of attack should not be ignored. Likewise the wiath of

\ 4481 correlated with luminosity by Struv;nior 3o stars of
types Ao to Fo appeared to warrant carerul consiaeration.

In order t0 gain ramiliarity with spectra oi this
type and to fina if possible new criteria upon which to Work,
the writer made a ranaom selection OI plates covering a wiae
range oi absolute magnitudes as aetermined by Adams. These
were stuaied in pairs on the Hartmann Spectrocomparator which
allows of the simultaneous view, under magnification and equal
illumination of'nhe two spectra in exact contig: ity throughout
their entire range. The result oi this preliminary study was
threeifold:

(a) It was thought that there might be a relation
between absolute magnitudae ana the wiiference oi intensity
between.Ep ana ivs adajacent continuous backgrouna, and like-
wise Hy , Hy , X and the region of A4535 each with its adjacent
background,

(b) The widths of tne broad hyarogen lines (p,y, 0)
andi of K ana the blend H.H seemed to show a progression ior
Ao and Al stars at least,

(c) It seemed likely that a reiation might be estab-
lished between the intensities of the arc line A 4227 (calcium)
and the spark lines A 4215 (Sr), X 4235 (PFe), and between the

arc lines X 4535 (Fi), A 45649 (Ti) and the spark line 4481 (Mg) .
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In order to test out tne value or (a), measurements
were made of the photographic density of the regions by means
of the Hartmann Wedge Photomster, in which a Lummer-Brodhun
cube eirects the isolation of the region unuer observation
ana its apparent juxtaposition with the awjustable background
or the neutral-tinted weage. The results obtainea, though not
wholly lacking in interest, did not lead %0 the simple relation
anticipatea ana the method was eventually wbanuoned,

In the case of (b) and (c) however, preliminary
measurements made with a Gaertner Measuring Machine strengthened
the conviction that these measurements could bé correlated
with absolute magnitude, ana the following criteria were iinally
aaopted:

(1) Widths oi N4481, Hy , H, H , K

4218 , 4835 , 4535 , 4549
42 42217 4481 4481

(2) 1Intensity ratios:

METHODS . ,
In order to avoid any conscious or unconscious bias in

the measurements and intensity estimates, the writer qecided

to make no reductions whatever until all the measurements hsad
been made. The required data for a sutrficiently large number
of atars were obtained before leaving Yerkes Observatory in
September, 1920, and the compilation and reduction of this data

was commenced subsequently., Thus the correlations which have
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been obtained are felt to be 1ree irom prejudice and subject
only to the personal ractor which is inevitable in all such
worke.

The number o spectrograms 01 any one star varied
Irom one in comparatively Iew cases TO0 several score in cer-
tain cases 0of spectroscopic binaries where orbit determinatvion
had necessitatea many plates being taken, Usually there were
several plates and or These the two best were selecteda, special
errort being made o get good derinition at the extreme lerit -
the H and K region. After preliminary examination unuer low
power magnirication to establish the essential similarity oz
the two, one was selected Tor rinal measurement. Where uhere
were aistinct airferences between the two, both were measured
and other plates or the same star examinea. ©Cases or uncer-
tainty were generally attiributahle to spectroscopic binary
eftfects where considerable care was necessary lest apparent
breadth of line was a result of Doppler aisplacement rather
than an effect or the kina sought. The Iinal measurement, in
general, of one plate ror each star has obvious aavantages
and, apart from the writer's own tests, it appears justiiied
by the consistency ox reco;ds 0r the wiaths oI H? ana Hy
made trom airferent plates of the same star by means oI a Moll
microphotometer?

The measurement of line widths involves a large uncer-

tainty where the lines are wide and nebulous; in particular,

in the A stars, the "wings" of the hydrogen lines are a very
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prominent reature or these spectra ana it is a matter o1
inaividual opinion as to where the "line" begins zna onds.

All that can be hoped is that the measures made by one inaivia-
uzl with magnirication anu illuminatvion kept approxima iely
unirorm, will be consistent within themselves.

The measurement or estimate oI line 1nvensity presents
dirrficulties which airferent investigators have sought to
overcome in various ways. The writer aepended solely on eye
estimates enaeavouring always to integrate mentaily the total
intensity rrom wings (o line centre. It is this integratea
intensity that i1s really sought and~not merely the central
maximum intensity obtained by wedge extinction mevhoas. BIEye
estimates are reliea upon in much oI the work or Harvara in-
vestigators, even where the comparisons are made between lines
on airferent plates. In the present case, however, compari-
sons wegre made only between closely adjacent lines on the
same plate, ana ror this purpose an eye—piecé giving magniri-
cation 3 was used,

The wiaths or lines were measured on & Gaertner machine
unaer magnirication 156, In oruer to eliminate vemperaiure
or other efrects causing lack Or complete unirormity in uisper-
sion & ractor was recorded tor every plate measured, namely
the distance between the titanium-iron spark comparisoii lines
AA $963-5969, or when these were inaistinet, AX 3981-3998.

All measurea widths were subsequently reduced to the standard
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given by the average plate ractor 0,470 mm in the 1ormer &na
0950 mm in vhe latter case.

Bach plate was weighted at the time or measurement
on the basis:- Gooa o, Fair 2, Poor 1. Where the plate was
not equally good throughout, Separate weignts were recorded

tor the airrerent regions as required.

KNOWN PARALLAXES ,
The stars 10r which aata had been obvaineda includea

31 belonging to the Taurns ana Ursa Major Clusters 101 which
- - P - - H 3 g 17
reliable parallaxes were available Irom the work oi Rasmuson;
also 49 ror which trigonometrical parallaxes were given in

28
Schlesinger's General Catalogue o1 Parallaxes. Tne Cluster

parallaxes being absolute were usea as tney standf tne uvrigo-
nometric perallaxes however are uliliecrential, but 80 were maus
use ox by W, S, Adamgsann nis value 10r the corresvonuaing
absolute parallax was taken in each case, the remaining 1l
were reduced to absolute by the waaition oI an average Lacior
ﬁ'OiOOéjo Or these 46b,0nly one had a negative parallax ana

as it haa the value ~U.003 the reauction .o 2bsolute brought
it up to +0. Q0L thus obviating any necessity oI having 10
introduce the errect of negative parallaxes 1nto vhe reduction
oz the data,

These 80 stars ilormed the basis upon which tThe abgoliute

magnitude relations were aetermined.
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Abgolute Magnitudes: The absolute magnituue 01 each O

these stars was calculatea from the relation
M= m = Sﬂ-SlOgP
where M ana m are uvhe absolute anu apparent magnituaees
respectively anu p the absolute psarailax.
The values o m were taken in every case .Lrom uhe

Henry Draper Catalogue -- photometric magnituae.

Spectral Classirication: In assigning vhe spectral class to

each star studaiea, the writer was derinitely inrluenced and
guicea by the Lit. Wilgon classificatvion ruther wvnan The

Harvara H. D, claessizicavion,

Sharp ana Nebulous Spectira: Following the leaa 01 lhe

Mt. Wilson investigators, tne wfiter classirieu 4ll vhe spectro-
grams studleu S S Or n accoralng a8 W e absorption lines were
sharp, narrow and clean cut or nebulous, wide ana hazy. Ic
seemeG evident from the outset vhat there were many spectra
which could not be said to be either aerinitely sharp or
deciaedly nebulous; these wWere labelled ns or sn ana put with
the group which they most resembled.

The writer aecided To carry out separate reauctions
for the s and n stars anda having aone these quite independently
the resulting curves shoulad provide unbiased evidence as 1o

whether this grouping has a physical reality or whether the
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stars form a homogeneous class,

Beduction Procedure: With absolute magnituae as abscligsae
and eitner line width or intensity ratio as oruinaves, plots
Were made Ior each of the eight criteria in the case of

the n- stars and likewise for the s- stars, sixteen plots in
all, Cluster stars were aifierentiated rrom trigonometric
parallax stars so that any systematic airfrerence woulu be-
come apparent. As was hoped, no such erfect was eviaent.

The spectral class was also indicated besiae each
plottea point to aid in the grouping oi the inaiviaual points
when finaing means. In three cases it was al once apparent
that no correlation existed - the wiath of HgH, both n ana
s, (as is not very surprising considering the complexity of
the blend) ana Hg, n.

In the other thirteen cases mean points were computed
and the lines of closest it arawn in. In every case where
more than one curve was regquired to represent the data on
either the s or n graph or on both,1t was found by super-
position of the graephs afterwards that an s and n curve
practically coinciaed., Hence the rinal curves take the rorms

shown in Figures 1 - 7.

Systematic Errors: The absolute magnituaes of the stars

used in establishing the curves were redetermined rrom the

curves, Weights were assigned to the estimate from esch



Page 22.

of the seven criteria based upon its apparent reiiability

and then the mean magnituae calculated. Comparison was

then made IOr each criverion separately with the stanaard.

value (cluster or trigonometric), and wherever possible

with Adams' value.

In the Tables the symbols used nhave tne following

signifticance:-

S

o < <R AV}

< o o

the stanaard value oi absolute magnitude
whether dependent upon cluster or trigonometric
parallax,

the spectroscopic absolute magnitude as
aetermined at Mt, Wilson.

ditto, as determined by the writer, from all
the criteris applicable.

"aitto, as determined by the writer irom

width of K

ditto, from width of Hy

Ditto, from width oI 4481,
Ditto, irom Ratio >\4215/ N&R2Y
ditto, from Ratio \4235/A&227
airtto, Irom Ratio h4559/}4481
ditto, from Ratio )4549/)4.481.
Weight (number or stars)
systematic error,

probable error.
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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

This information, together with that given in the
section on Probable Errors, led to an adjustment of some of tie
curves, separ;te n and s corrections being applied as

indicated in Table III.

TABLE III

SYSTEMATIC CORRECTIONS

e ——————— —
en—— — ——————- e

Criterion s n
1 0.2 -0.1
2 0.0 0.0
3 0.0 -0.0
4 0.4 -0.2
5] -0.2 -0.0
6 -0.2 -0.2
7 -0.2 -0.2
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After applying these corrections the weighted mean

éfror determined. It was noted that one star was largely
responsible for the error and as this star (Boss 606) 1is

the one for which the differential parallax is negative, it
seemed fair to omit it from the total and consider that the
resulting low value of the systematic error indicated that the
ériteria were satisfactory from this point of view. 1In Table
1V the value of & is given both with and without Boss 606. It
may be remarked that for this star the absolute magnitude
derived from the absolute parallax +0.001 and apparent
magnitude 5.4 is -4.6, whereas the writer's determination is

+0e5. It is not included in the Ht. Wilson list,.

TABLE 1V.

Comparison of Systematic Errors

e : N Remarks

3-D -0.11 74 Boss 606 included
S3-D =0.04 73 Boss 606 excluded
S-A -0.16 69 - Boss 606 excluded
A-D +0.15 66 Boss 606 excluded




28

PROBABLE ERRORS The average error, or mean deviation, was

found for each star with respect to each estimate individually and
(51)

to the weighted mean. In Table V. the Probable Errors

corresponding to these average errors are set forth. Boss 606 is

not included; if it were the errors would all be increased by

5% to 10%.

TABLE V.

Summary of Probable Hrrors

r N Remarks

S+l T 0,75 64 =

S=2 0.59 30

S=3 O.67 49

Sl 0.74 26

S=5 0.57 49

S=5 0.67 42

S 0,76 49

S=D 0.52 73

S=A 0.60 69

A=D 0.45 65

gD 0.48 71 Boss 3960,6031 omitted:

S=A O0.57 67 Boss 3960,6031 omitted
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It is gratifying to find that the probable error of ths
luminisities determined in the present investigation is some-
what less than thét of the Iit. Wilson results., 1In 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 O.m40.52 That the corresponding
figure in the case of the more difficult A-type stars should be
as low as-idﬁ5 seems to be all that can be hoped for at the
present stage of our'knowledge of thg complex conditions which
evidently exist in atmospheres of stars of this interesting
class.

THEORETICAL CONSIDERATIONS: While 1t must be explicitly

understood that the relationships that have been obtained are
empirical, it is also to be remembered that there is =z theoreticdal
basis for relationships of the kind found. Considering first

the question of the width of an absorption line, there are at

least four points to be taken into account:
(a) Minimum width
(b) Doppler widening
(¢c) Rayleigh scattering
(d) Stark effect.
(2) For a given instrument and a given slit width, there is
a minimum width TS be- expected for an absorption line of any

given wave length. For the Bruce Spectrograph with slit wifith
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0.05 mm. and the ratio  ¥/D = 19 the minirum width of A4481

22
on a l-prism plate has been calculated by 0. Struve to be

0 33
0.68 A This is based upon the theories of Schuster and
34
Newall who find that two lines cannot be resolwed into serarate

lines if the difference in the wave length, dA 1is less than A/p
or at most, »2P, where P,the purity of the spectrum,is some
fraction of the resolving power, R. This P = pR where o << p <</.
If the slit were of infinitely narrow width then p = 1 and P = R.
For the case under consideration, thé}value of p is believed to
lie between 146 and 1/722.

For K a similar calculation indicates-that the minimum
5 ( A4341)

the limit would 1lie intermediate between the values given for

width Wduld be approximately 0.79A. In the case of H

A 4481 and A 3933.

A glance at the graphs (Figs. 1-3) shows that the lowest
measured values are just about at these calculated minima, the great
ma jority lying well above.

(b) A line may be'considerably widened as a resuit of Duppler
shifts due to the translatory motion of the radiating and
absofbing atoms. That this is not the main cause of widening
ris evicdent from the observed fact that line width tends to

increase as temperature decreases and pressure increases
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in the stellat atmosphere. If the widening were chiefly

_ "
dependent upoy thermal agitation the reverse woulf 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,"fhe 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

10
by Stewart who limits absorption to cases involving transformastion

&

of radiant to thermal energy. Scattering does not involve such
transformationf The radiant energy taken up momentarily by an
atom is re-radia@ed wilthout 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
13 )-/(7T

Where H is the number of atoms in a column of 1 cm

A =5.8 10"
2 ¢ross-
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 Fig.l-3.

(d) Merton 56y s perhaps the first to draw attention to

the broadening effect which will be produced in star spectra by
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the natural influences of their own electric and megnetic

fields upon the radiating and absorbing particles. Conditions
in‘the stellar atmosphere, producing closer packing ard frequent
collisions, will thus be accompanied by widening of the absorption
lines due to 8tark effect and to abnormal electron orbit
distortions.
(38) |

Hulbert has discussed the breadth pf the Balmer lines of
hydrogen in the stellar spectra by combining the Stark theoryr
with the 3aha theory of high temperature ionization. He finds
that the observed width im A-type stars far exceeds the theorestical
width unless either the pressure is equivalent to several atmos-
pheres or there are a vefy large number of free electrons present.
The former assumption is ruled out on many astrophysical grounds,
the latter is quite édmissable.

- (37,39)

Other causes of broadening are menthoned by Rayleigh
as, for example, the possible rotation of the radiating particles,
but those already discussed appear to indicate that there is a
theoretical justification for the relationships that have been

established. The effect of stellar rotation, which may well

be a disturbing factor, will be referred to later,
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When we come to investigate the theoretical basis for

correlations 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 these lines were selected with this in mind,
because it is an obvious fact that conditions which weaken an arc
line may enhance a line arising 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 pressurg increases and temperaturs
falls, which corresponds roughly tc lower luminosity, the amount
of ionization falls off and the intensity of the arc lines is
increased. This increase will, of course, not continue indefinite-
ly, there being a definite set of conditions corresponding

' V ; 40, 41,42

to maximum intensity for any line. Fowler and lillne, 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 flollowing:

N 4215.5 is due to once ionized strontium and has the series

relation 43 |5* — 1t p* and excitation potential 0.0 .
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A4226.7 from the normal calcium atom has the series relation
VS -1 P and E.P. 0.0. It grows gradually stronger through
the A,F,G,li stars. It is unblended and a very satisfactory

basis for comparison.

A 4233 1is less simple. It is a blend of ionized iron (Fe+ A 423%.18)

2 p*t- 1 a*% | E.R. 2.68 and normal iron (Fe N\ 4233.6)

| @7 -md’ , B P. 2.46. In general its behaviour is that of a
spark line in the A stars, but an occasdonal anomalous intensity
may be due to complications arising from the blend. Near it are

2350 of Type 1d* — (P’ 4 but blending with
two manganese lines A4235.2 Athese could only occur in extreme
cases of stars having line characteristic n.

A4481 arising from ionized magnesium with series relation

2d°-5£2, ®.P.8.85. It is a close doublet AX2481.33, 4481.13.
It is an-admirable;line to study being visible on every spectro-
gram and well situated in the region of best definition and
intensity.

It is said to reach maximum 44 at Ag, its subsequent
rise being 2ttributed by C.H.Payne to blending with iron
which predominates in theecoler stars. As the present writer
is not interested in r=lative 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

A 4481 increases less rapidly than the intensity of X 4535 andA4549,


file:///4233

32

5
A4535 1is due to neutral titanium | f7 -2 f

Fout Ti lines seem to fall close together here:
XA 4536,00 4535.92 , 4535.58, 4534.78, the last two being
the strongest according to laboratory intensity estimates.

E.P. of all four 0.82.

X 4549 appears to be a blend of lines of different kinds; neutral
titenium gives rise td A4548.77 | lf572f’5) of laboratory
intensity (35), while ionized titanium has a line at A4549.64
(lh2 - lg’z) intensitﬁ‘(25) and ionized iron gives 14549.48

. 1d'4') intensity (4). Adams describes this line as

(2f
ret 741t but the writer's data go to prove that the blend as a
whole behaves as anwionized line, the ratio: 4549/ 24481
g;owing greater as luminosity diminishes. The evcitation
potential of the Ti line is 0.82, of the Ti' line 1.57, of

the Fe' 1line 2.82.

Thus it is to be expected that the ratios A421544227 and
A4255/14227 will have a negative slope, whereas the ratios
A4535/A4481 and A4549/24481 will have a positive slope. Figures
4-7 exhibit these characteristics. There is certainly no
theoretical basis for straight line relations, but the data

at the writer's disposal warranted no other more complicated repre-

sentation.
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CORRELATION CURVES:

The writer believes this to be the first time that definite
relations have been obtained for the width of K and the width
of Hs with absolute nagnitude. That these are real relatilons
seems undoubted.

In the case of Figure 1, the Bravais-Pearson correlation
coefficient has been evaluated for each carve. 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

2 xy
A!Zoc‘-'itﬁ

In the case of Figure 2, it has been evaluated for the main

curve (Ao-Fo). The results are as follows:

Width K (n) 0.87 Probe.error =+ 0.06%

" K (sn) 0.67 n i +0.0863
i Hg (Ao-Fo)
' 0.68 i i *0.074

These figures are very satisfactory, for the chance that
the correlations they represent are unreal, that is,due merely
to "sampling", is very small, of the order’of 10-10 or less.45

In the application of all these correlation curves, it is

evid-nt that uncertainty may easily arise as a result of their

rultiple character. 1In general, it has been found that a glance
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at the spectrogram, or the brief description of it on the
writer's records, was sufficlent 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 unigue values from other criteria.

These curves are definitely not built up upon spectral

classification, and therefore in so far as the writer has
been successful in eliminating the influence of spectral ~lass
from the mind in interpreting the curﬁes, the resulting absolute
magnitudes should be something more %h?n just ave?ag?s for

8 24

spectral class as are the lit., Wilson and Arcetri determinations

of magnitudes of A-Stars.
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PART III

The correlation curves obtained and tested as described in
Part 1I, have been employed to give values of the absolute
magnitudes of sone 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 V1, 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
parallaxeslof two hundredrA 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%%hese six reliable determinations from the present
criteria wers impossible.

Successive columns of Table VI give (1) the Boss Number,
(Preliminary General Catalogue); (2) the visual apparent magnitude;

(Henry Draper Catalogue); (3) the reduced proper motion, H;

(4) (5) the absolute magnitude,ll, and parallax, p, as determined
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trigonometrically (T) or by group motion (G); (6) (7) (8)
the spectral class, spectroscopic absolute magnitude and parallax
as determined at I't. Wilson; (9) (10) (11) the class and spectro-
scopic I 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 secem more
appropriate, because to do so would be to set the official stamp
of approvél of that institution upon these results. For d-fects
dn this work the Yerkes Observatory is inﬁo way responsible and

criticisms of these results must be borne solely by the writer.
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Spectroscopic Magnitudes and Parallaxes of 200 A Stars

o
—

Boss HE.D. . Trig. or Gr Mt. Wilson Douglas
m M P Class M P Class M P

10 | 2.2 | 3.8] -~ - Aln 1.1 0.060 1.0 0.059

4% | 4.4 | 3.0| - - An 1.5 .026 1.7 .029

50 | 4.5| - | 0.6 0.017T | AOn 1.1 .021 | AOn 0.2 .01l4
145 [ 5.0 |2.8| - - - - - Mn 1.3 .018
154 | 5.5 |2.7| - - A28 1.1 .014 0.9 .012
203 | 3.9 |4.9| 1.5 .033T - - - 2.0 .042
246 | 5.2 |6.4| - - - - - Mn 2.2 .025
269 | 4.9 |2.1] - - - - - 1.6  .022
295 | 5.3 |4.0] =~ - Aln 1.5 .018 | A2n 1.4  .017
300 |4.7 | - { 0.9 .ou7T | - - - 2.3  .033
314 | 2.8 [5.2| - - | asm 2.0 .068 2.5  .087
368 | 5.5 [6.2 ] -~ - - ~ - t5n 2.5  .025
370 | 5.5 |42 | -~ - - - - 0.9 .012
422 | 4.8 | 5.5 | - - - - - AOn 0.7  .015
423 | 4.8 | 55| - - - - - 0.6 .01l4
428 | 2,7 = | 1.9 .068T - - - 1.9  .069
441 | 4.8 - | 2.1 .ozer - - - A7n 2.1 .029
446 | 4.7 | - '1.2 .020T | A48 2.0 .029 | A3n 2.0 .029
449 | 4.1 ] 2.3| - - Aln 1.1 .025 | Als 1.2  .026
452 | 5.4 | 6.2| - - - - - Aln 1.4 016
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TABLE VI (ii)
Boss H.D. " Trig. or Gr. Mt. Wilson Douglas
m M P Clags M P Class M P

463Ft | 5.2 =| - - |A3n 1.8 0.022 | A3s 1.5 0.018
463Br | 4.3] 2.1 - - - - - A3s 0.4 .017
466 5.4| 2.2 - - |asn 1.5 .016! A 2.3 .024
476 5.1| 3.2 - - - - - ASs 1.9 .023
480 4.8| 5.8 - - - - - Aln 1.8 .025
482 3.1 = | ~0.70.017T | - - - | 438 1.3 .044
522 5.1| 3.9 - - Aln 0.9 .014| AOn 0.3 ,011
550 4.6 0. - - A3s l.4  .021 A3s 2.0 .030
560 4.3 2.3 - - - - - AOn 0.8 ,020
537 §.8| 2.3 - - - - - A2n 1.6 014
606 5.4 - | -4,6 -O01T - - - Aln 0.5 ,010
628 5.2| 6.0 - - - - - A6s 2.4 ,028
629 4.4 - | 2.2 .036T| - - - A’Tn 1.9 .032
666 5.3| - - .- |AOn 1.1 .014| 4A0n 1.2 .015
674Br | 5.3 | 1.4/ 1.6 .018T | ABs 1.0 .014| 4A2s 1.2 .015
677 5.2 | 4.4 - - - - - A2n 1.1 .015
730 5.0| 4:4| = - - - - Aln 0.9 .015
791 5.0 2.6 -~ - AOn 0.9 .015| AOn 1.1 .016
850 5e4| 46| - - - - - Ms 1.1 .014
883 5ed | 5s7| - - - - - A3n 2.5 .026
923 5.1|-0.5 - - - - - Als 0.5 .012
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Boss | B0 & ’Trig. or Gr. Mt. Wilson A Douglas
m M P Class M P Class M P
932 | 3.9 F1.8| - - - - - | as 1.0 0.026
971 | 5.4 F1.1| - - - - - ABs 2.5 .026
974 | 5.1 - - - | fln 1.1 0.015 | AOn 1.2 .07
986 | 4.5 |4.0| - I - - 208 0.6 .016
998 | 5.3 |4.2| - - ‘ - - - Als 0.3 .010
1007 | 5.3| - | 2.4 0.027G¢ | A9n 2.8 .081 | 46n 2.0 .022
1022 | 4.8| - | 2.1 .029¢  Aén 2.4 .04 | A5s 2.0 .028
1023 | 5.1 2.4| - - | A3n 2.0 .017 | A%n 2.1 .025
1026 | 4.4 |4.6| 1.3 .0256 | A3s 1.8 .030 | A2n 1.5 .026
1027 | 5.4|6.0| 2.8 .030G ‘ A3n 2.1 .022 | Aln 1.7 .018
1029 | 4.2| - | 1.3 .026G | Azs 1.4 .028 | ABs 1.7 .032
2055 | 4.4| - | 1.6 .0286 ' A2n 1.8 .080 | A%n - -
1084 | 4.6 - | 1.8 .028G | iOon 1.3 ,022 | A2n - -
1046 | 3.6 | - | 0.7 .0266 | A3s 1.6 .042 | A5s 1.7 .042
2047 | 5.1| -| 2.3 .o%86 | sen 2.0 .024 | A4n . 2.1 .025
1051 | 5.7| - | 2.8 .026C | A3n 2.1 .019 | A%n 2.6 .024
1054 | 4.8 | - | 2.1 .020¢ | A5s 2.0 .028 | ABs 2.1 .029
1067 | 4.8 - | 1.9 .027G | A2n 2.0 .028 | A2n 1.2 .019
1087 | 4.3| - | 1.6 .028G | ABn 2.1 .036 | A3n 1.8 .032
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Boss H.D. . Trig. or Gr. Mt. Wilson Douglas~
m M ) Class M P Class M P
1088 | 5.3 | 4.4 - o. - Ms 2.0 02022 | A6s 2.3 0.025
1090 | 4.9 | - | 1.6 0.023G| A3n 2.2 .028|Q%n 2.2 .029
1092 | 5.6 | - | 2.3 .023G| ASs 2.2 .020| ABg 2.5 .024
1095 | 5.0 | 3.3| - - As 1.7 .022| A3s 1.8 .023
1114 | 5.4 | - | 2.6 .0296| A8s 2.6 .027| A5n 2.1 .022
1117 | 5.4 | - | 1.4 .016T| - - - | a7s. 1.9 .020
1122 | 5.4 | - | 1.9 .0206| A7s 2.2 .024| 468 1.8 019
1143 | 5.1 | - | 2.2 .026G| A2n ~ 1.7 .021| Alm 1.7 .021
11653 | 4.5 | 1.7 - - - - - | AOn 1.9 .030
1194 | 4.7 | - | 1.6 .024G| A3n 2.1 .030| A4n 1.4 .022
1220 | 2.9 | - | 0.5 .033G| Aln 1.5 .052| AOn 1.6 .055
1244 | 5.1 | 1.1| - - - - - | A7s 2.6 .032
1268 | 5.2 | 1.2 - - - - - | A6s 2.3 .026
1352 | 5.3 | 3.0] - - - - - | A0n 1.3 .016
1392 | 4.9 | 3.4 - - - - - | AOn 0.9 .016
1452 | 5.3 | 2.3 - - - - - | A1s 0.7 .012
1453 | 4.9 | 0.6 - - A28 1.4 .020| Als 0.6 .014
1482 | 2.7 | - | -0.9 .019T| Als 0.6 .037| Als 0.1 .030
1488 5.3 | 0.6 - - - - - | AOn 0.1 .009
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Boss H.D.| » |Trig. or Gr. Mt. Tilson Douglas
m M P Class M P Clagss M P
1492 5.1 | 4.0| - - - - - |A7s 1.8 0.022
1516 5.0 |=2.6| -~ - - - - | a68 3.2 .044
1575 4.4 | - |1.5 0.0267 | A2 1.2 0.024 | Aln 0.7 .018
1690 1.9 - | 0.5 .053T A2s 0.9 .063 | A2s 0.3 .048
1714 5.1 | 5.1| - - - - - |Aln 1.4 .018
1716 4.9 | 1.8 - - £1n 1.1 .014 | Aln 1.1 .017
1759 5.2 | 3.3| - - - - - |A0s 0.4 .01l
1763 3.6 - | 0.4 .0237 - - - | a0n 0.5 .024
1782 5.3 | 0.7 - - - - - |a4n 1.7 .019
1853 4.1 [=0.7 - - -~ - - | Aon 0.5 LO1¢
1886 3.6 - | 1.5 0387 A2n 1.5 .038 | A2n 1.8 .044
1928 4.5 | 2.9| - - - - - | Als 0.7 .0L7
1968 4.8 | 0.0] - - - - - | A8s 2.0 .028
1974 5.3 | 0.9 - - - - - | ABn 2.3 .025
2051 5.1 | 1.3 - - Afn 2.6 .031|45n 2.0 .024
2078 5.0 | 3.4| -~ - AOn 1.1 .016 | 4ln 1.1 .017
2088 5.3 | 45| = - - - - | A0s 0.7 .012
2091 5.4 | 3.8 - - - - - | Als 1.0 .013
2120 4.6 | 2.9 - - - - - | AOn 0.7 .017
2138 5.1 | 4.8 - - - - - |AOn 0.6 .013
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H D] TTrig. or Gr. Mt .Wilson Douglas

Boss m H M ) Clags M P Class M P

I48%X | 2.7 - | -R.2X D'RIEX | XX& R.K O.K%Y | X1 R.I 0.DER
2188 | 5.5 (1.0 | - - A3n 2.0 .019 | A3n 1.9 .019
oszn | 4.0 - |=0.6 .012T | AOn 0.9 .024 | AOn 0.1 .OL7
2264 | 5ed| 5.0 | - - - - - A6S 2.2 023
ozon |ap| - |-0.3  plOT | - = = Aln 0.4 .014
2339 | 546 | 3.0 | - - - - - ABs 1.2 .013
2308 | 5.5 5s5 | - - - - - A2n 2.0 4020
0404 | 3.1| - | 2.9 .090T | A4n 2.2 .066 | A4n 1.9 .058
2407 |4.3|2.9 | - - AMs 1.7 030 | Ads 1.8 .032
oa79 | 3.8| - |=0.1 L0177 | An 1.3 .032 | AOn - -

2495 | 4.0| - | 1.8 .037T | B9n 0.6 .02l | AOn 1.9 .038
2559 | 4.5 | 1.6 | - - - - - AZn 1.9 .030
2584 | 5.2 |1.7 | - - ABn 2.4 .,026 | A5n 2.1 .024
2637 | 4.5 FO7 | - - Als 0.9 .015 | A2s 1.2 .922
2642 | 5.3 | - 3.2 L0397 | 45n 2.2 .024 | Adn 2.3 .025
2655 | 5e3 | 1e6 - - - - - Aln 0.0 .009
2698 | 4.5 (3.1 | - - A2n 1.8 .028 | A2n 1.3 .023
2697 | 4.5 1.9 | - - - - - A0s 0.0 .013
o729 [Be5 | 4.6 | - - - - - Ads 1.2 .035
o735 | 5.4 | 6.4 | - - - - - A7S 2.6 028
o764 | 4.9 | 1.9 |- - - - - - A3s 1.1 .O17
2900 | 4.8 |@h6 | - - - - - A0s 0.0 .011
0930 | 2.4 | - | 0.8 .046G | A3s 1.0 .054 | A3s 0.3 .038




TABLE VI (vii)
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H.Dd Trig. or Gr, Ht.9ilson Douglas

Boss m H 1 o) Class U 1) Class M P

2932| 444 | = | 0s1 0,0147 | - = O.- AMs 0.2 0,014
2972 | 2.6 - 22 085G A2n 1.7 .066 Aln 1.0 .048
2974 | 3.4 - 0.0 s021T A2s 0.9 .032 A3s 0.2 023
2987 | 4.8 (4.8 - - AOn 0,7 016 Als 0.2 .012
2990} 4.1 |4.0 - - B9s -0.2 .014 B9s 0.0 «015
3023 | Hed3 |39 - - BSn 0.8 012 B9n 0.4 010
3063 | 5.5 |[6.4 - - Adn 2,0 .020 Aén 1.9 019
3088 | 5.1 (4.3 - - Aln 1.5 019 Aln 1.2 017
3097 | De2 |347 - - Aln 0.8 L0156 Als 0.6 012
3101 | 2.2 - 2e¢b «1147T A2n 1.7 WO79 ABs 2.4 110
3117 | 2.5 - 0.6 «041G AOn 0.9 4048 | AOn 0.7 o044
3126 | De2 (348 - - - - - AO0s 0.7 <013
3139 4.6 (2.2 - - - - - Adn l.4 023
3182 | S50l |17 - - - - - FOn 2.9 «036
3190 3.4 - 1.7 «045G AOn 0.9 .032 AOn - -

3210 4.0 | 3.1 - - - - - AZs 1.2 028
3240| 5.2 |245 - - - - - A6én 3.0 .036
3244| 5.0 |0.6 - - - - - Ads 2.6 «033
5266? Bed |1.9 - - A3s 1.0 014 A3s 1.0 «013
327‘7r 5.8 |5.0 - - B9n 0.6 .010 Bo9m 0.2 009
3283 | 4.8 |4.1 - - - - - AO0s 0,3 013
3309| 5.0 |56 - - B9n 0.6 .,0l4 BOn 0.4 012
3310| 5.5 |b.0 - - B9n 0.6 4010 AOn 0.7 011

48



TABLE VI (viii)
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HeoD ¢ Trig. Or Gre. Mt.Wilson Douglas
Boss H :
m M P Class M P Class M P

35258 |B5e2 |5.5 | = - A6n 2.4 0.027 | A7s 2.4 0.028
3354 [ 5.8 |3.0 | = - - - - A0s 0.4 .008
3356 | 5.3 2.8 | - - - - - AOn 0.2 ,009
3370 | 5.4 (7.3 | =~ - - - - ABs 3.3 .028
3371 (2.9 | = | 1.1 0.044T | Als 0.6 .034 | Als 1.1 o044
3409 | 4.4 | - |-0.4 .O11T | 42s 0.9 .020 | A28 -0.3 .01l
3450 | 5.1 |2.3 | - - - - - B9n 0.3 .01l
BaT4 (2.4 | - | 0.6 044G | A2s 1.1 .054 | A28 0.6 .044
3475 | 4.0 | = | 2.3 L0466 | ABs 2.0 .052 | ABs 1.8 4036
3480 4.0 | - | 2.1 ,042¢ | 4ln 1.1 .026 | Aln 2.2 .044
3506 | 4.9 | - | 0.6 .014G | A3s 1.5 .021| ABs 0.7 .0l4
3508 | 3.4 |5.7 | - - - - - AOn 0.9 .032
3509 | 5.5 |1.7 | = - - = - | AOn 0.8 .011
3512 | 446 |5.6 | - - - - - AOn 0.7 .OL7
3518 | 4.9 | = | 3.5 .0527 | Aln 1.5 .021| Aln 1.8 .024
3526 | 5.5 | = | 1.4 JOL5T | A7n 2.5 .018 | A7n 2.5 o025
3530 | 543 | 6.8 | - - - - - Aln 1.0 .0l4
B561 | 5.5 | 6.4 | = - - - - As 0.6 .010
3612 | 4.3 |1.9( - - AMn 1.1 .023 | AOn 1.4 .026
3654 | 4.6 | - | 1.6 L0257 | Adn 2.2 .034 | ABn 1.8 028




TABLE VI (ix)
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HJD. Trig. or Gr. IiteWilson Douglas
Boss H § o _
m M P Cleass M P Class M P

3666 4.3 - 2e4 OtO4lT Aln 1.1 0&023 AOn 1.3 02025
3692 | 5.1 - | 1.2 .017T | B9n 0.8 .014 | B9n 0.9 .0l4
3722 3.0 4.3 - - Adn 2,0 .062 Abn 2.3 072
3149 4.9 0.6 - - - - - A2s ~0.,3 009
5752 4.4 - 0.4 .016G £0n 0.9 LOZ0 AOn 0.5 4017
3787 29| 345 - - Fln 2.9 ,.,100 Abn 2.2 L0072
3911 55| 17 - - AZ2n 1.5 L0116 A2n l.8 018
3928 Sel [=0a7 - - - - - A28 1.5 4048
3939 5.1| 5.0 - - - - - A6s 2.5 6030
396087 4.2 - | =0.2 L0133 T| A4n 2.4 .044 A™n 2.7 .050
3961 263 - 0.3 ,041G AOn 0.9 .052 Aln 0.8 .050
3998 369 - 0.5 .021T AOn 1.1 .026 AOn 0.8 .024
4004 B.H| 4.5 - - - - - Als 0.5 .,010
4009 37 - 0.6 023G Aln 1.1 .030 AOn 0.0 .018
4015 3eb| 44 - - A0s 0.4 .022 A0s 1.0 L,030
402 5.8 0.8 = - 465 2.3  .020 £8s 1.9 .O17
4026 38 - 1.5 +0357T Abs 1.8 042 Ads 1.7 038
4028 5.2 b.2 - - A0n 0.9 .014 AOn 1.1 .015
4072 5.0| 6.4 - - Abn 2.5 .,032 44n 1.8 .023
4081 4.8 1.0 - - - - - Adn 1.5 .02




TABLE VI (x)

N . 66-

H.D. Trig. 6r Gr. Lte7ilson Douglas
Boss H

m M P Class LI P Class M P
4229 | 546 | 245 =~ - B9s 0.4 0,009 | BY9s 0.4 0.009
4232 | 5.6 | 2.3 - - - - - Bon 0.2 008
4376 | 3.2| - | 0.4 0.028T | AOn 0.9 .035 | AOn 1.0 .036
4581 | 3.7 | = | 1.5 LO37T | ABs 1.8 .042 | ABs 2.1 .048
4747 | 51| 37| - - - - - Aln 1.1 .Ol6
4749 | 5.1 | 4.1 - - - - - Aln 1,3 017
4752 | 443 | 1o5| 1.4 .026T | 458 2.2 037 | Ads 1.5 028
4754 | 549 | 2.6| 3.3 .050T | Aln 1.5 .013 | Aln 1.9 .016
4761 | 4.4| - | 3.1 .056T | A2n 2.0 .034 | Adn 2.6 044
4802 | 4.5 | 2.7 - - - - - Aln 1.3 .023
4803 | 54| 3.8 - = - - - An 1.8 .019
4824 | 3.3| - |-1.3 .012T |.B9s -0.2 .020 | B9n -0.2 .020
4858 | 3.0| - | 0.8 .0377 | B9n 0.8 .036 | BOn ~ =
4988| 3.9| - | 0.2 .018T| An 1.1 .028 | Aln 1.0 ,026
5048 | 3.0/ - | 1.7 .0557 | Alm 1.1 .042| BOn -~ -
5062 | 0.9| = | 2.5 42037 | 42n 1.7 o145| Aln 2.0 .166
5186 | 5.0| 1.1| =- = - - - Aln 1.6 .021
5187 | 4.0 |-4.6| - - - - - B9s 0.6 .021
5337 | 3.8| - | 0.6 L0237 | Aln 1.6 4037 | als 1.0 .028
5480| 2.6| - | 2.2 .084T| A2n 1.3 .056 | A2n 2.5 .096
5600 3.0 = | 3e3 L1157 | A3m 2.2 .068 | 468 2.2 .069
6031 4.9] = | 3.1 .043T| A3s 1.2 .018 | A3s 0.7 .014
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COMPARIWEN  WITH NT. WILSON MAGNTITUD '5: Of the 200 stars in

8
Table V1, 108 are alsoc éontainéd in the list of Adams and Jej.

Comparing the two classifications a close agreecment is found as is
to be expected; only occasionally is a star classed n or s by
Iit. Wilson given the reverse class by the writer and the decimaid
sub-class 1s seen to be rarely very different.

Taking the writer's n and s groups and comparing the t.'/ilson

- values of absolute nagnitude the systematic and probable errors

were computed as follows:

Table V11

Sgstematic Probable No.of
error error Stars
8 r N
n + 0.07 +0.31 68
S + 0.14 +0.30 40
All + 0.09 *+0.31 108

Thus it is seen that there is a faer agreement, the present
magnitudes being systematically smaller by about 9™.1 or

in other words , the stars are here given brighter than at Iit.

wilson by 07.1.
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COMPARISON WITH ARCETRI MAGNITUDES: Of the 81 stars in Table VI

for which neither trigonometrical, group nor Mt. Wilson spectro=-

scopic values exist, 22 were found amongst the 275 stars of early
2

type determined by Abetti at Arcetri, Florence 4. His values are

given in Table V11l for comparison.

TABLE V111

Spectroscopic Absolute Magnitudes

Boss Abetti Douglas Remarks
597 1.7 1.6
730 0.4 0.9
850 0.9 1.1
932 1.2 1.0
971 2.4 2.5 Systematic error
1352 1.4 1.3
1452 1.4 0.7 -0.027
1488 1.1 0.1
1759 1.1 0.4
1974 2.1 2.3
2088 0.6 0.7 Probable error
2754 0.6 1.1
3139 1.3 1.4 +0.30
3182 1.8 2.9
3283 0.4 0.3
3354 - 0.4 0.4
3356 0.4 0.2
3749 0.8 -0.3
3928 l.2 1.5
3339 2.1 2.5
4802 1.2 1.3
4803 1.8 1.8




Though the comparison is limited in extent, it is, as far
as it goes, highly satisfactory.

REDUCED PROPER MOTION AND MAGNITUDE:: Reduced proper motion is derine

ed as the same function of apparent magnitude and'prOper motion
as-is absolute magnitude of apparent magnitude and varallax.
M= m+5+5 logp
H= m+5+5 log P
where P-is the total proper motion and H is the reduced proper
motion. Since ;Lvaries with distance as well as with space velocity,
it is logical to suppose that considered étatistically I and H
shéuld exhibit a strong correlation. With this in mind the
correlation coeffioient was worked out rigorously from the data
in Table V1, where values of H are recorded for 129 stars
including 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 thdroughky representative of the date,
over half the stars having X and y deviations of opposite
sign. Why this should be the case is not at 21l clear,
especially as Adams records a very close correlation between

parallax and proper motion.
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SHAJN DOUBLE STAR TEST: As a means of testing the accuracy
46
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 éomponent 1t follows that

A= Am=o0
where AWM is the difference in spectroscopic absolute magnitude
of the two components and Am is their difference in apparent
magnitudec. Applying this test to the i’t. Viilson determinations
Shajn finds that for 55 double stars of late type

AN -Dm = x0.28 to 0.48
which means a 14% to 25% error in the parallaxes. For 139 early
type (B,A) doubles, however,

i - Am =%1.08 to*l.24 corresponding to 65% to 759 errors
in parallax.,

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 Sspt.6th-13th,1925, and

every effort was made to obtain these spectrograms. Unfortunately,
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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 1t has been possible to spply Shajn's

test to the following star systems:



Table 1X
Boas Name Class Spec |Spec |H.D. |Al-AOm.
|4 ™ m
422 5y Arietis N Aon 0.015| 0.7 | 4.8
4273 " ) A2s .014| 0.6 | 4.8 +0.1
463 &' Piscium Ft A3S .018| 1.5 | 5.2
463 o " pp A3S 017! 0.4 | 4.3 | +0.2
1026 65 X Tauri Br | A2n .026] 1.5 | 4.4
1027 67 ¥K° " Ft | Aln 018 1.7 | 5.4 -0.8
i §
3354 20" H Camel-
epardi Ft Aos .008| 0.4 | 5.8
3356 | %2° " Br Aon .009] 0.2 | 5.3 | -0.3
3370 12 «' Can.Ven.Ft | A8s .028| 7.3 | 5.4
3371 12 «* " Br | Als 044 1.1 | 2.9 -0.3
3474 | 79¥ Urs.Maj.
(Mizar) A2s .044| 0.8 | 2.4
3475 79 g A5s .036| 1.8 | 4.0 -0.4
3480 80 g "  (Alcor| Alm 0441 2.2 | 4.0 0.0
4229 16 Draconis Ft BOs 008 0.4 5.6
4232 17 t Br| B9n .008| 0.2 | 5.6 +0,2
4747 ¢ Lyrae Br Aln 016 1.1 | 5.1
4749 5 &* Lyrae Aln 017 1.3 | 5.1 | +0.2
4752 6 g' Lyrae Bl A4ds 028 1.5 4.3
4754 6 %* Lyrae FY Aln 0161 1.9 5.9 -1.2
4802 63 o' Seppentis Brl Aln L0231 1.3 4,5
4803 63 6" ; Ff Aln ,019| 1.8 | 5.4 -0.4
5186 30 o' Cvegné FY Aln .021| 1.6 | 5.0
5187 31 00 " Bl B9s .021| 0.6 | 4.0 0.0




57.

In two cases the d-viation from zero is somewhat large,
For the K Tauri pair Iit. ¥ilson shows a departure from zero of
-0.7? and Rasmuson's group parallaxes give magnitudes having =
deviation +0.5. 1In the case of the I Lyrae pair the trigonomet-
rical values are in good accord, deviation 4+0.3, but the i't.
Wilson magnitudes give a d-oviation -2.3.

For the eleven systems, however, ghe average deviation

AY - Am =%0,34

is as low as can be expected considering the probable error

involved in each d<termination.

THE PROBLEM 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 yét unknowvn or
unrecognized factbr 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

gianﬁ stage to the dwarf stage. On the older theory of Russell47-48
this might be thought of as the transition from the state of a
perfect gas to a deﬁser state where the gas laws begin to break
down, but since Eddangton lghas shown that the dwarf stars

of the main sequence are probably to be regarded as also con-
forming to the perfect gas laws, on account of the high degree

of ionization produced by their great central temperatures, it
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now becomes necessary to look elsevhere for the cause of
complexity. Why do stars turn cdovn the main secuence? Jeﬁﬁsé
explains it in terms of the ~utomatic reduction in the r:te of
production of radisnt energy at the centre of = star vhen its
central temperature exceeds 2bout =0 million degrees. Forler
and Guggenheim SOnave given quantitotive evidence in favour
of the assumptions of Eddington and Jeans that at these
temperatures there would be 99% ionization. As a star
approaches complete ionization, it; radiation will be unable
to increase further.v Though its central temperature will
be maintained, its dsnsity will contlnue to increase, azzom=-
panied by an increase in the absorption coefficient, and *hus
luminosity will gradually fall off.

There 1s 1n thisvtheory, however, no direct clue to the
intérpretation of the spectra of stors at the transition stose.
The writer's material provides inderen-ent evidence that the
Wt. Wilson sub-divisions, n and s (according 2s the absorption limes
are nebulous or sharp), are of the utmost importance in forming
magnitude correiations 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,



59

clean cut, narrow line.

(2) If stellar rotetion were the dominating factor in

line width, the relative numbers of stars of n, sn, character

4]

should be proportional to the probable orientation of stars
in space, n correspondins to stars viewed along their egquatorial
planes, s to stars seen along their polar axés and sn to stars
viewed oblicuely. But if stellar rotation govern line width
such correlations as found‘in figures 1-3 are meaningless.
There may be some evidence, however, against this possibilit~.
The orientations of the polar axes of stars of a binary ob
rmltiple system should be approximately the s=me, and ther=s-
fore it occurred to the writer that *his might serve 2s the
basis for a test of the influence on the spectrum of stell=sr
rotétion. The spectra of both components should be either
$,sn Oor n. thile this is often the c=2se, a glance at Table 1X
shows that there are six cases of difference or generclizing
from admittedly meagre data, 50% of the binary systems consicered
give evidence that stellar rotation is not the —2in cause of
line width.

This argument tacitly assumes that the two components
of a binary system would have mich the same rate of rotation.

Where the ratio of masses differed widely from unity, this
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might not be a legitimate assumpbion, and even i: the wass ono
the angular velocity were the same for ths tvo cormponsnts, bu*
thelr density very dissimilar, the argument breaks dowm, since it
is linear velocity at opposite extremities of a diameter
that affetts line width. To give some idea of the velocities
required to influence line wicdth éppreoiably,COﬁsider A4431 from
a star having a diameter of lO6 miles end density 1.0, probabdly
a tyoical star like Sirius. Figure 3 shows that a line width

o
of 2A is not excessive; this would mean a widenin~ in either

direction of lﬂ. Hence the Doppler eaquation Ji& - v
C
gives 1 = v
4481 'Ergfiolo

or V = 6.7 X 106‘ cm per sec.
Since v = WA we havefor the angular velocity of the star
whose radius is A= 5 X 10° x 1.6 x 10° ¢n = 8 x 1010 Sul

LW = 6.7 X 106 = 8 x 10"5 racians per sec.
8 x 1010

Now, the angular velocity of solar rotstion is approximately
3}x 10-6 radians per sec., 80 that to give thils observed width
of 4481 our typical Sirian star would have to rotate ten or
twenty times faster than does the sun.

This speculation is of such interest that it may be worth

keeping in mind for future consideration, but no weight Twmtev:r
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is laid upon its interpretation in the light of the absolutely

inadequate data here consicdered.

(z) That there is some as yet unrecognized f-ctor in ‘he
atmospheres of A stars seems certain. Iliarvard investig-otors
have stressed this, pointing out that a one dimension:1 class-
ification of A stars is inadequate.5l The Henry Droper classi-
fication is based primarily upon the intensity of 4 and K and
is consistent on this basis. It.V7ilson investigators have
adopted a differcnt basis. If the helium lines A\0.6, 4471,

4686 are showing in a Draper Ao star, they call it Bq 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'unﬁil gradually
a personal classificetion was felt to be shaping itself.

The presence of the helium "raies ultimes" was considered

sufficient td warrant the designation Bq, unless there were just a
trace of these lines accompanied by well developed K. an AO star
usually showed only AN481, 4227, 4233, 4215, 4549, 4535 with
barest traces of anything else (except of coarse H,K, andﬁhe}
Balmer lines of hydrogen, and even these lines too weidk in
general for relative intensity estimates to be made. Growing

intensity of these lines and the appearance of other metallic

lines marked the A, to Ag stars, but no star was classed by
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the writer later than Ag no matter ho” rany lines wers up unless
the hydrogen lines were beginnin~ to stard out less ~ons+i:mously.
In an A8 star the hydrogen lines are sinking into compnrabllity
with the stronger metzllic lines and in an Fo star there is
equality between the outstanding metallic lines and the -dirinish-
ing hydrogen lines, In addition to the suffi® n or s to spectrecl
class, the writer is determined on all subsequent work on A4 stars
to adopt the sn suffim, regularly employed by Abetti, to ristingcuish
thosé stars which one investigator might call n and another s, so

intermediate are its lines between either extreme.

(4) Sshapley and Fairfield 26 found no correlation to
exist Dbetween th:z width of hydrogen lines and absolute
magnitude, but they found slight correlation betwsen width and
reduced proper motion for late B and e=rly A stars, indicatinc That
there is a tendency for narrow line . stars to have low spéce
velocities. No explanation has been hazarded. The prese=nt
material throws. some light on the question. The n and s stérs
mﬁst be dealt with separately - there is no apparent correlation
between widths of ntlines with absolute magnitude, but a strong

correlation in the case of the s-line stars (Fig.2). This

beins so, one would naturally anticipate a correlation between
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widths of S-lines and reduced rroper wmotion. In the licit of
the winter'!s failure to find a general correlation betwesn i' and H,
however, this point evidently calls for -onsiderable furth-:»
attention with less limited material; but it indicates the possit-

11lity *thzat the relationship with space velocity i- illusory.

(5) A perplexing problem is presented b7 a small cl-ss
of A stars whose spectra exhibit lines so narrov and sharp =s
to resolve the usual HeH blend into two distinct lines of
independently measurable widths. Of the 250 stars studied,

10 stars fall into this class. Three of these stars have well-
established rzrallaxes and in each case the writer's I 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.

T-Dle X shows in successive columns the Boss number and
the name of the star, the writer's spe:tral classificstion
and absolute magnitude, the trigonometrical or cluster
magnitudg,the Mt. Wilson magnitude, the measured ~i1dth of

}{g , H , K and finally the reduced proper motion.
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T.5LE X

Stars of exceptional s-‘hsracteristic.

Boss Name Trpe  Abs. Liap. Cidth  (x07mey  H
(D) | (D} (s) (8)| Hy H K
g2  +43992 androm.| A5 0.¢| - - | B6 48 59 5.2
564 21 Persei A2 ? - - 170 4c o8 5.1
1241 5uLeporis A0 |-0.2] - - | 48 39 28 1.8
1657 13 lionoc. Al |-0.2] = | -] 244 85 50 | -°.5
1732 9aCan.iiai, | A2 |-0.. 1.3| 0.9 70 39 44 4.0
2035 T puppis A5 0.9| - - | 68 53 52 | -C.C
7363 77eU.iaj 42 0.0r0.2| 0.9| 61 - @9 2.0
3626  1llaDrac. Al 0.3| - -1 53 BT a7 2.3
4722 alrrae F-10) -0.310.2| 0.6] = - 53 2.8.
0.7
5320  o«Cygni a2 |-0.1| - | -| 59 50 63 .

None of the above data seems to e<hibit suggestive relation-

ships and,pending further study of these and similar spe-tra,

above stars have been omitted from Table V1.

4
U

he
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(6) Certain stars have individual peculiaritics which
offer problems upon which as yet it is pr m=ture to atterpt
explanations. A few of these may be noted.

Boss 370. 43 w Cassiopaiae AZ2s. It is very unusual to
find A4535 equal to and \4549 greater than A481. “‘hile
simultsneously AM215, 4233 are more than twice as intense as
A4227.

Boss 1516. 17 Lepor’'s A6s. ALiBl 1s very faint and a
line at about A4546 is very strons. This star has th- H.D.
class Ao which the writer finds difficult to understand for
though the K line is certainly foint therc are =eny met=11i-
lines up very sharply and intense and Hp , Hy ,Hs are wanino.

Boss 3749. 29 ™ Bodtis (Br) A2s. The line 23984 is
strong. It is rrobably ths line of unknown origin recorded
by Belopolsky52 in & Canum Venaticorum and by Lockyer ant
Baxandall55 in o Andromedae. Another unusual lin=z to be
outstanding 1s 4137, 2 very weak Fe' line undoubtedly
blended with some line of unknown origin.54

Boss 300. 90 v Piscium AZn

" 1968 97 & Puppils A8s

i 2974 71 O Leonis A3s

TIn these and a feww others = linc 1s present at a--7t

WN4586 so intense as to ecual or approximate the Intensity of
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X 4481, It may be Ca 24585.37 (1d5-5f5) .b'trattoxs‘x4 re~ords a2 line

unknown origin at 24586 in the Corona. hy this 1linc com:s up

80 prominently in just a few cases, «Crszni, for examnle, ‘s not

[
understood, but 1t seems unlikely that c=21lsium alonz is reswvons-

ible,

Boss 476 12 K Arietis AS5s
" 3409 5l 6 Virginis A2g -
" 3506 78 © " AS4
3561 84 Urs.liaj.Als
In these stars a pair of chromium lines, are prisent ith

unmusual intensity; they are Cr ' AXI558.85, 4388.43.

Twentv-four strontium stars are amongst those 7w Tabl~ V1,

. . 2 . -
remarkable for the intensity of the Sr line A-215,  The
Boss numbers and writer's classificotion and mesnitudes, 21so the

average megnitude for that class =re silven in Table X1.
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The comparison betwceg Il and . indicates that on the
whole the strontium stars are o.™ 24 brighter than the
average stars of the same spectral type, but here acain the
scantiness of the data makes generz2lisstions dangerous.

55

C.H.Payne™ ', arzuing from proper motion r_.lations and a

few individual cases of dwarf strontium stars, concludes that

5
there is no sufficlient justification for the statement °

that these stars are "distin~tly bright:sr 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 1lin<
intensity but the one condition that A4:15 = A4227, As

indicated in the Table, the other member of the SrT doublet

X077 .7 is sometimes also of outstanding intensity.

The silicon stars are represented by fifteen given in

Pable X11, one or both of the pair of S1 ' lines 2\4128.1
M131J1 Dbeing 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 o™.5.

It is worth noticing that frecuently, though by no mecns

-+ ~ + >
and Sr  occur with unusual

always, do the lines of Si™t , Cr
intensity in the same star. Evidently conditions favouring

one, favour also the others, and the absence of any one or
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two gilven the third is 2 matter of +he abundi-nce of the
element in the stallar atmosphere.
TABL~ X11

_Silicon Stars L

Boss Name Class I E' Remar'cs
(D) () (D)

463 o Fpige Br  A3s 0.4 1.1 4128>31, both strong
923 36 T krid.Als 0.5 0.7 4128,71 bhoth > 4481
008 56 Tauri Als 0.3 0.7 dittqQ
1046 78 6& Tauri ASs 1.7 1.9 4128 st ong
1117 4 Camel A7s 1.9 2.3 ait+o
1482 376Aurigse Als O.l 0.7 4128,31 stro~g
2088  +79° 265 CamelAos 0.7 0.5 ditto
2339 49b Cancri ASs 1.2 1.9 dit*o
2754 30 H Urs.liai.A3s 1.1 1.1 ditto
2900 45 w Urs.kal.Aos 0.0 0.5 £128,31 prorinent
2932 60b Leonis Ads 0.2 1.4 4128,31 stron:z
3409 51 ©Virginis AZs -0.3 0.7 4128,31 fairl-— stronz
3474 79 & Urs.lizj.A 2s 0.6 0.7 citto
3506 78 o Virginis ASs 0.7 1.9 4128,31 strorz
3749 29 I Rodtis Br.AZ2s -0.5 0.7 altto
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MEAN LIAGNITUDE AND 3P.UTRAL CLASS. Onc of the moin

- problems pf the A stars is the question as to whethe~ it 1is
possible to interpret the spectrn with individu-l ac-uracy
or whether the t. Wilson amd Arcetri method of merely adopting
the mean magnitude for spectral class is all that can be done
at present.

This investigation has been a dsfinlite attempt to m=2intain
the former position. How far it has been successful 1t is diffie

logethey wilk Tahles V., v,

to say. The following Tablg/presents the evidence for and against
the writer'!s claim that the magnitudes herein destermined h-ve a
greater individual accuracy than can be obtained by followins the
Mte. Wilson and Arcetri methods. What is the true interpretation
of this evidence, the writer is nbt in a position to s2v, the
decision must rest with the critic-1 astrohomcr;

In Table X111l a comparison is given separately for the
n and s stars, between the average deviations of the preseztr

agnitudes (D) from the Ht. iilson magnitudes (A) and from thé

mean magnitude (D) per spectral class. As previously, N indicates

the number of stars.
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TABLE X111

Average Deviations

Class _
A— D D—-—D
i N s 0 n i s
+ + + ps

B9 0.22 5 0.10 2 de21 7 10723 3
AO A1 17 .60 1 .38 31| .27 9
Al .34 15 42 8 .43 29| .26 15
A2 45 8 .56 5 37 12 .51 10
A3 .18 6 .40 8 31 10} .52 11
A4 .42 6 .20 3 31 9| .51 8
A5 43 6 .29 8 .20 8| .35 11
A6- .38 5 .22 5 36 10| .32 17
-Fo

A1l 0.37 68 0.36 40 “_jdﬂ‘o.zv 116 | 0.37 84

In Table X1V the mean absolute magnitudes for each spectral

class are given. The I't. Ultlson figures are averages for the

individual means of Adams and Joy §7. The Arcetri figures are

taken from Abettis diagram

58, upper full curbes, the s and sn

curves being averaged with weight given to the s curve.
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The general agreement is good. The Arcetri values ~re based
on all the material available from evarv source, trigonometrical,
group and spectroscopic data being all included)and are to be
given greatest weight. The Lt. Wilson values are smoothed by
graphical means from the originel dst~ of Adams and Joy o9
on 101 n-stars and 48 s-stars. The writer's values ar: here

given unsmoothed. The group of A6-Fo includes only 5 stars

that are later than A7.

TABLE XIV.

Average Absolute Magnitude

Class lit. Wilson Arcetri Douglas
n s n 8 n - N | _S N

B9 0.6 -0.2 0.5 0.3 | 0.3 7 0.3

Ao 0.9 0.2 0.8 0.5 | 0.8 s1 0.5

Al 1.3 0.6 1.1 0.7 | 1.3 29 0.7 15
A2 1.7 1.0 1.3 1.0 | 1.7 12 0.7 10
A3 2.0 1.3 1.5 1.1 | 2.0 10 1.1 11
A4 | 2.2 1.6 1.7 1.3 | 2.0 9 1.4

A5 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 8.3 17
o 116 84
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FURTHER INVESTIGATIONS. This work is the preliminary to 2 more

extensive investigation which the writer hopes to carry out in

the near future, involving the whole of the A stars of which the
Yerkes Observatory has spectrograms. With the permission of the
Director of the Yerkes Observatory, many of thg spectrograms studied
in the course of this work will be re-studied and many others nat
vet measured will be examined. As Dr. J.3.Plaskett has remarked,
the determination of spectroscéipic magnitudes. is a matter of
cloéer and closer approximations torerds the truth. _In the

light of w greatly enlarged material,the criteria used in the
present work will probably require modificstion and readjustment.
It is hoped that new criteria may be found especially in regard

to the Ao stars, so many of which had to be omitted from the
present list. Dr Plaskett has advised the close study of the line
Cr A4352. 1I&s behaviour is said to be that of an ionized line.
gts identification is with the neutral atom (ld5 - lf5) A 4351.8
and with the ionized atom, series relation unknown, A 43510.

Dr Shapley advises the continuation of width measurements with
efforts to find unigue correlations with something=—possibly with
some ionization criteria — in the hope of finding the clue to

some of the problems alr-ady referred to in regard to the

interpretation of the spectra of €lass A. stars.
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