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1)RIiF,\CE

The Sirneis Observal-or'1, lvnt iounded as a sout,irer.n branoh nf l,he Pulkovo
ObservaLoly in 1908. The rvork consisted in the rnain in obsertations of mi-
no1 planets, cotnets aucl variable stars ancl in deterrninations of photogra-
phic magnitucles of sbars.'l'his r,ry'ork nas done rvittr l,he clouble {20 rnm
astrograph.

ln 1925 tt'as mount€cl bhe 40 inch reflecLor hy Grul:b, ancl the J.aboratory
equipped rvith soure rew rneasuring apparal,us. Since Lhen Simeis becam"e
the main asLropliysical"observatory in-USSR. Up to the beginning of tlie
lvar there \yele secured some thousands of spectrograms of stars- rnostly
fainter than 6.00. Radial velocities of about 700 stlrs u.ere published oi,
are prepared for press. ALLention lvas paid also [o diverse problems of mo-
tlern astrophysics (rotation of stars, emission spect.rum of lonq period variable
stars, molecular speotra, supergiants a. o.).,r\ number of-papers on l,his
subjecl, arcr no$r reacly for publication. A]:oub 110 minor plaiets, 8 comets,
trbout 1r0 specLroscopic binaries and mor:e .lhan 300 variable sl,ars lvere clis-
covered aL the Observtrl,ory.

In the rniddle of October 191+1 aI, the al:proach of the fascisl, invading
armiers to Crimea the scientific s[aff of the ObservaLory r ras erracllal.ecl anll
an insignificaul, part of t,he equipmenl, ancl scientific rnaterial *,as carried
lwalr: Il autumn 19ur3 Lhe Gerrnans 1,ook away Lhe whole equipment including
Lhe 40 irrch reflect,or. The mairi building of the (Jbservatory rvas burned iii
January 191+4, ol-licr Lrrrilrlings ancl clornes\\rere strorjgly darrraged or tlesLroyetl
hy lJre invaders.

The Ohserval,ory liec1 ou.Lside Lhe zoue of rvar oiter.aLions rvhat,cr.r:r and
it.s looting ancl tlesl,ruction is to bo regardecl as a forettrough{, rvill l,o inj ury
cttltlral iusbil,LrLioris of tr {oreign counLry.

Soon af ter Lhe encl of the war oLtr inst,rurnenl,s were founr-[ at, L]ie Ilotsclaru
Observatory. A.s rvas dul.y st,at,ec1 , the clismount,ing of l,he instrurnents ab
Sirneis, their bransporl, l,o Gorrnany ancl keeping there s,ero clone in so bar-
baric a matltler that, Lhe5rpresenl, no\v no rnote than a heap of rust,y scrap of
no value u,[taLever.'l'he greater parl, of Lhe specl-roscopic rnateri;]. is losl,.

'fhe fascist invasion cansecl us also harm in arrother respect,. Froui l,he
vgl..y small. scienl,ific slaff of ttre Observatory L\vo young asl,ronomers
V. G. Shaposhnil<ov anrl t\il. V. Volhov perished on l,he front, andthe scienl.i-
fic rnechanician A. A. I(otov rvas shot, by the Germans ab Simeis.

Instead of lhe dest,royed Sirneis Obserr.alory will be buiit a trew Astro-
physical Observal,ory ecluipped lvi th modern ltorverf ul instrurutnts
inciuding a big rellecl,or. Ily a Government rlecree Lhe Simeis ltrancii of l,he
PLrlkovo (,)bsr:r'r-i-rt,ory is uorv reorganized t,o an inclependenL Crimean Asl,r,o-
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ph),sical Observatory of []re Academy oI Sciences of l,he USSR. Ilencefort]r
l,his ObservaLory rvill issue the <rllublications of the Crimean Astrophysical
Observal,orv of the Acaderny of Sciences of the USSRI.

It rvas known long ago thal. the site of the Simeis Ohservator), is un-
f avourabl.e as regards the asLronomicai conditions for }arEe insl,rumenbs. The
Observatory (360 rn height) Iies in a fair site on a rather sbeep slope betrveen
a plateau of aboul, 1000 rn. heighL and Lhe sea. Tire charaol,er of this placc
is favourable for l,he origin of frequent clisl,urhanoes in l,he atmosphere and
Iocal turbulent phenomena, which often spoii the stellar irnages. After all,
l;he place for l,he Sirneis Observal,orv rvas chosetr accidenbaliy: here s'as
located a small private observatory passerl on l,o l,he Pulkovo Observatorv
in 1908. The cluesbionof l,he crecl,ionof a new large asl,rophysical observaborrr
in a more favourahle sil,e in the Crimea rvas settled long ago. Special
oxplorations made before the war, during iL and cornpleted af l,er the s'ar
allbrved 1;o stabe thaL Lhe foot-hills oI the Crimean mountains present seriotts
advantages as cornpared rvith t,he soul,hern shore or the slopes directed l,o

the sea. For the sake of illustration rve give helorv in Fig. t a comparison of
the quality of diffraction irnages of sbais (af l,er Danjon and Couder) observecl
in 4-poinis in theCrimea. Tlie full line curve and the dol,ted one relal,e
to the foot-hills 'of the Crimean mountains (Partizanovka and Buragan
respectively), the cnrve represenLe:l by heavy dots relales to Simeis, ancl
the one -_ "ly 

Aots and crosses - Lo Ur;kusta, a sibe locate.cl in l,he Central
Western pari of the Crimean mountains ott the slope [orvards the sea,26 km.
south-eas1 from Sebastopol. The observations rvere done simultaneousll,
and were reducecl to one system by means of a comparison of instruments
with account of the personal difference. 'fhe curve relates to zenith
distance 20". A detailed paper on []re cornparison of different sites in the
Crimea from tlle standpoint of astronornical observaiions rvill be publishecl
in the second parl, of this volurne.

The site cliosen for the nelv Observal,ory represenl,s a pl.at,eatr of 560 rn.
height and lies 27 kn south-wesl, frorn Sinrferopol - and 4L lcm north-east
frori Sebastopol betrveen the villages Ilarl,izaior.ka (formerly Mangush)
and Bia-Sala.

The oki Simejs Observatory nos. being rcestablishet{ s'ill be a branch
of the nelv Observatory. The plan of ereci-ion of t]re Crirneau Asl,rophysical
Observator), is reckotrecl rrpotr 4-5 ye.ars. Alread5' in 19tt7 we hope
to mounL a 50 tn. specl,rograph for t,he sLudy of inl,ers{,ellar diffuse rnatter.

G. Sh,





IINIISSION LINES Oi' H, l'e II AND Iire I iN SPECTRA
OF LONG PF]RIOD VARIAI]I,E STARS

I'irst paper
G. SIIAJ N

In this paper are given some results rvith respect {o the emirrsiort lines irr the spectra
'of long period variable stars,

H-y-d r o g e n. The width of the emission lines in the region 3700-3900 A turns
out, to }e abodt 0.6 A, that is several times as great as the Doppler thermal lvidth fol
11'adopted for these stars. The extreme non-uniformity of hydrog'en emis-sion lines H61I]re
rvith respect to structure, intensity and anomaly in wave-lengthsmay beexplained with-
,out serious exceptions in terms bt the hypothesis of physical scleening or blending,
the absorbing miterial being TiO, V I, Fe I, Cr I, Ca II, H. The discussion of the inten-
sity of hydrogen lines in terms of tho theory of the curve- of grolvth leads to the
.coriciusion that the exciting radiation for the emission hydrogen spectrum is very
strong and has properly no relabion to the usual photosperic ,radiation of these stars.

I-o n i z e il i i o n. Several anomalies are discovered in the behaviour of the emis-
sion I'e II lines, and the main of them are: t) The anomaly in the intensity ratio
4233 : 4179 :41i3. 2) The abselce of emission lines in the green region. 3) Several
peculiarities in the intensity of thelineswithintheregion4300-4600. All the numerolrs
anomalies may be explained in terms of the hypothesis of physical screening, the absorbing
rnaterial being TiO, 

-Fe I and Ca I. The anomaly in the intensity ratio 4233 : 4N79 gra'
ttrrally ctecreases with advancing phase. It is found that near the epoch of m_aximum
there'is no reason to'spealt of any difference between the radial velocities of the Fe II
ious and the atoms of H.

N eutral iron. An intensity anomaly is found for the lines belonging to,the
nrultipleb a5 D-z?P0. The decrease oi the anoinaly with increasing phase has much irt

.comrnbn rvith thah forthe known anomaly lor the-multiplet a3F 
-zBGo. 

The tendency
to the formation of emission lines is found also for the multiplet arlF - y3F0. There
are ser.ious reasons to suggest that all the low temperature multiplets of Fe I display to
sorne degree a tentlency to emission, especially in more clistant phases. Even for obvlous
ernission lines of Fe I one can ahvays trace a gradual transition frorn absorption into
enrission. Within a multipleb it is properly not easy bo clivide the lines into emissiorr
and absorption ones,

The numerous and highly various anomalies in the behaviour of the emission lines
of Fe I may be generally reconciled, at least in the majority of cases, rvith the hypothesis
of physicai screening, if one assnmes that the rnain rdle in the screening effect belongs
to thc absorbing aloms of Fe I.

The prohlem of emission lines in the specLra of long period r.ariable sbars
mlrst be intimabely connectecl rvith the general problen of these stars. Hither-
to the origin of emission lines in these cold stars remains quil,e enigma-
tic. The problem of emission lines in these stars outgro\ys the limits of a



special problem, and three lines of research may be marked therein. {) Thrr na-
ture of emission lines in spectra of cold stars. 2) Emission lines as a rnel,ho,.i
of study of the structureof atmospheres of these remarkable sLars and the
processes going on in them.3) The emission spectrum as au indicalor of
ihe special role of high frequency radiation in the plocesses taking place
in these stars.

NoL only the very presence of emission lines in specl,ra of such colcl s[ars
is a mystery, -- we meel, in the study of their specbra rvilh surprising ano-
rnalies in the relal,ive intensities of the emission lines - a pheuornenon
observecl neither in stars of other classes wibh emission lines (Be, Novac',
a.o.), nor in laboratory.

IL rnas knorvn since long thal, the hydrogen emission lines in lhe specl-ra
of Me sl,ars display remarkable anomalies. The Fe I emission lines are alscu

knorvn to be subject to some anomalies, but our information is here rrrrrch
Iess oerl,ain thart for hydrogen. As to Fe 11 emission lines, it remaitts et't'tt.
unknown lvhel,her '[here are-anv anomalies ab a1l.

By elucidal,ing l,he general nature of these anomalies one can hope to firrtl
a olue for undirstaniing tlre strucbure o[ Llte a[mospheres oI llresc
stars, as well as of the complicated processes that take place l,herc.

The presenb paper contains lhe results of l,he study of these anomalies
for H, Fe I and Fe II based chiefly upon original observations of the specl,rum
of o Cebi. In the second part of this research, rvhich will appear in the uexl
issue of these publioabions, the material will be treated from the standpoinL
of interpretation of the observations. A brief account of the resulLs of this
work was read before bhe Session of the Academy of Sciences of llre USSR.
(1).

- IIYDROGEN

'.llrt'lirttI of llre ]rVdroqen emission lines irt lhc spectra tif lortg lterio,]
variaJrlc starsis unkno*n. Ii is self-evident thab very much rvortld he gainet[
even if only the order. of this quantity were estimated. Thi,s^^rvas^{o^1e lrl'
rhe author-in the follorving l,hree wavs: a) In the region 3800-3900 the
dispersion usefl at Simeitq O[servatorV is abo-ut 22 A qer mm., and the_fiyclro-
g€ri tmissiotr lines in the spectra of o Cebi and X Cygni appearLo bc setr-

s'iblv wider than the iron lines of the sameintensity in:bhe comparison spec-
Lrum. Allorn'itrE in a rouEh manner fot the inflttence of the insirumerrlal
profile, rve fouicl Lhc rvjdt[ of Hr, 1r4 H, lo be ahorrl,0.6A. l.r) It is f ur[]rpr-
'a well knolvn fact that some emission- lines appear to lle douJlle or
even triple. The cause of the decrease of emission in the cenlral portion. otl

ihe profile is dr-re, ab leastfor some of l,he lines, to the- influence of absorp[ir-rrr

linei. For instance, the doubling of Hru is due to bhe low tempet'ature VI
line at 3703.6. Even rvhen using I moderate clispersion, the distance beLrveeri

Lhe components of IrIru ancl Hio may be measured with certainty. This dis-
trrr.. .,.,,hi.], turned 6rt to fe-hnout 0.6 ,,\ eviclently represenl,s Lhe n-rini-
rnrirn value of the line width. c) At last one may judge on the rvidth from
the excellent I arge scale spectrogram of o Ce l,i, recentlliofutained by A tl a ur s

(2). Selecting ,rot overexposed 
"emission l.ines not affeoted sellibl-v bv 1b-

Joiption or.o. rr. fincl their rvidth to be of the order of 0.6 A. Therefore the
rvicith of bhe hyclrogen emission lines in the region 3700-3900, as estirnated
inclepenclently" in ihree differenl, ways, bnrns out, t,o be aboub 0.6 A, LhaL

is s&eral times as great as the Doppler Lhermal I'idlh for 7 adopterl for
thc,se stars.

The known anomalies in
inLerpreted in terms of the

. the intensities of H.,'H,. Hs, Ho, have long been
hypothesis of overlying ahsorption (TiO, Ca 1l)"
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l.hough bhe phenornenon is much more complicat€d lhan iL appears aL first
sight. The BaImer rlecrernent wil,hin H8 - I{ru seems to be rnore <<normal,l,
tlrough several lines shorv a fairly notable anomaly. 'Ihe Lerm (anomaly))
is understood irere in a wider sense than usually. In addition to l,he intrn-
sity anomaly one must also consider the anomaly in r.vave-length and llur
anomaly in the strucl,ure of Lhe lines. Below in Tabie I are confronted thrsc
Lluee characteristics for H, * Hru, using for the first Lwo of them our ou'n
rneasuremenl,s ancl estirnates. With respecb to l,he rneasured deviabions irr r^

rve have a good agreement r.vith Merrill (3). As to l,he Une sl.ruol.ure the
above mentioned specl,rogram by A d a m s has provecl to be very uselul.
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Remarks. Hru. The doubling is due lo Vl 3r03.59, E. P. 0.299. IIrr. Ther.e iale] rro,
lines for sensible influence. [Iro. Thestrongweakeningandthe anomaly in the .width irlt
due to 7 faint Fe lines near the centre and to the wings of the distant, but very stroHr;
Fe I line 3720.0, E. P. 0.000 and the bTend ts722.6. Hrr. In the solar spectrurn a very strons
tine Fe I 3734.88, D. P. 0.855 is observed, which miglitbe supposedtb have an appreciable,
effect. But in M stars this line seems to be somowhat lainter,anct the small loakening'
of [I* is pt'obably justified. IIrr. Ii)vidently a r.ery sensible influence ol ihe strongFe I
line at 3749.50, E. P. 0.911. Hrr.'I'here are no lines for sensible influence, Accordiug
to Merrill, sometimes double. This is probably due to a faint blenct 3770.5 observed in
M stars, Hro, The faint absorption lines neai the centre cause probably the doubling
(according to Adams, Hro is triple). The influence of the low tempelal,uie blend 3798,3,
seems to be sensible. Hr. A very small influence is possible only from Fe I 3831r.23, E. [).
0.954. H8. Double accorrling to Adams (possibly orving to thC faint lire Fe I 3888.53).

When comparing the wave-lengths ib is nccessary to allorv for thc relative shil'1,
of the emissjon lines (about -0.2 A).

As l,o l,he low mernbers of the Balmer serics il, is preferaltle l,o use l.lro,
daba obtained wibh high dispersion. Accorcling to the older data, the structure
of H6 ancl H, is composil,e. The besb modern observal,ions shorv bhese lines
to be only doultle, and the eomments by A d a m s (2) may be interprele d
to some extent as an indical,ion that l,his doubling is due to hvdrogen absorp-
tion lines. h"r 1,his connection it is of interestlo note a very c6nsideralrlc
negabirre displacemenbfor Ho in t\{eslars (S}rane-{.0, Nlerrill's
recent resull, -0.4 ,,\). We tliinl< tlial l,his rnay be due to the inf luence of ilrl
absorpLion line 11,. (see }:elow). Comparinguow Lhe numerous data, tve must
conclude that bhe extreme non-uniformity of hydrogen emission Lines rn'itlr
respect bo structure, intensiby and anomaly in the wave-lengths rnar' l,e
explained, at leasl, in the majority of cases, without serious dxceptions iri.
terms of !,!re hypothesi of overlying absorpLion, the absorbing material Lreirrg'
not only TiO and Ca II but also V I, Fe I, Cr I, l{. As ne sball see later s'heii



.discussing the emission lines of Fe II, lhe absorbing rnaterial includes also
the Ca I atoms.

This resul.L seems to be an extensjon of thab founcl previously rvilh
irespect bo this point (X{ e r r i I 1 and Burtve}1, S h t n e (1))l

ALtenl,ion must be paict to l,he observed facL Lhab the emission line I{ir
is sometimes noL seeu and I{o is seen but vcry seldorn, ri4rile tlle adjacent
confirlrlous backgrouncl is quibe pelceptibie. One maY think Lhal,lhe optical
ttept[ f or the emi"ssion lines I{* and HB is not grea Ler th-an Lhat f or the acljacenl,
.conl,inuous background. IU is true thal, the rotational sbntcture of the TiO
hancls. favours lfie sma]ler absorption for bhe coubinuous hackground since
t.he abmosphere may be relatively Lransparent io t.[re inbervals bet,rveen the
rotabional lines. But the rdie of Lhese inl.ervals is prohably smal1., since,
ot,herwise, the emission lines would sometimes coincide l,illt them and
therefore the intensibies of the emission lines rnould shou' a great range
lor individua] sbarseven rvil,hinone subclass. In fact, the observaLions clo nol,
shorv this. If so, l,he emission lines may strongly clecrease absolutely in in-
t.ensily but Lhe l,otal inl,ensil.y, expressed in units of the continrior.ts background,
,cannoi decrease. .[n f act, this does lrot holcl f or Hq and H,, ab least sometimes,
and for this reason sorne additional absorption for these lines may be

suggested. Orre mav think here of a self-absorption properly said alct
url'i'tlecrease of racliation f lowing thlough overlying layers rvhich cotr Lain tho
absorbing hyclrogen atoms. Wdthink, though this is possibly in disagree'
rr.ren[ rvifh :t,he Idoptecl opinion, thab the hydrogen absorption lines are

;rresen[ in l.he specbra Me. It is true, the theory predicts at ternperature
about 3000" a negtigibte percentage-of Jrydrogen aLoms in-the second quatrtttrn
sLate, but as a m'aLler oI facL, the hydrogen-absorption line-s in gM-5 .- antl
qspecjally in cX,I l-r - are excepl,ionally slrong.This-anomaly may be partll.
r:oirnecteil rvith the very low Yalue for 8c1i aird rvittr the greab extension of
the atmosphere. lllhis is probably also of importance to some exLenL for NIe

.q [,ars.

It js Lo be also notecl, l,hab rvhen ? and g are lorv, I,he Balmer decremeu{,
,for bhe absorpl,ion lines musl, he consideraLle. Therefore, il even II; andH,
are fainl,, Lho absorpl,ion. Iine H, rnav be still slrong enough. Ifhe foilowing
utou*,"r,i, aro Lo be broughf in favour of l.he presence o[ lrydrogoi absorp-
tirin lirres in thc N,Ie speoira: 1) Syslemalic <lisplacomerrL (about -0.4 A)
lor I{, in. emission, which appa.en[ly is very difficult to explain otheru'ise
ihan.by Lhe influence of an altsorption cornponeul EJ".-Z) According'to J o y
(ir) near the epoch of minimum, rlhen t,he_emission hyclrogen lines.clisappear,
il,drogen is observecl in absorption. 3) Sorne po,ssibilty of t,he inierpre.fa-
tion o? Lhc ,[orrhling of H; and- H, as an ctfcct, of correspondirrg absorptiorr
]ines of ll. /r) Sonie analogy beLu'oen Llre absorptiort speclra of Me antl
,si\{ - c1\4.' 'l'he pres(,nrio of lrlrlrogen ahsorption liries seerns to be rnuch Iess

probable in Se atrd still less in Ne st'ars.' fhe possibilit,5, of Lhe preserlce of overlyinq absorhing. !ytlt9g9]i.aLomsjn fuIe *.ir,r* l,o be int,erestirtg in itself . BuL itr cdnrrecl,ion rvith thjs il, is very
.tlifficult to drarv some conciusion rvil,h respect, to the self-absorption pro-
perly said. Il, seems bo be probable. thal,both effecls_are presenl,: itr favour
,i,f ti,. former speaks ihe bbserved sysLemaLic clisplacerneut, -0.1t A for
J-[, arr4 oLher: f act,s; in f avour of the sei:f -absorptiori--Lhe probable rveake-
rrino of lI- in Nc anrl St'sLars.- 

ifo*"*, f.or1 t,]Ie poinb of vjew of the study of Lhe _self-absorption it
is worLhy 1o pay aLLetition to lhe violeL regiorr. It, was already.mcnl,ioned
::lrirt. I.he anornaiie* rvillrin H6 - I{r6 firrl a salisfactory explanabion in
that, Lhe Ralnter: clecrement here is rnOre or less <rnorrnalr), say, as in Be Stars

t0



or i[
of au

bhe chrornospher.e. This poill,s oul, to an ernission unri.er conditions
optically thin layer, when

,4.,. - - \_il .).2 .I(t8.Ii H I'' 
;l'l cr

But [he most inLeresting f act is t]rat in acldition to l,he (normal)) ciecrr:rnent
the obselved totaI intensiLies of high Balrrcr rnernbers are consirler.able.
This is seen ab once, sir.rce, while the line-rvidLh is of l,he order 0.6 A., the
conirasl, betrveen such lines as H, arrd l,he continuous backgroun(l is hiqh.
Our measurements gave E. W.> 1.0 A f or H1 and evenfor Hl,. It is eviddnt
that, though the accuracy of such rneasurements mav be only low, the order
of the value found for E. W. is correct. For I,he case of an opticall), thick
uniform layer the 1,ol,al inbensity js expressec[ b5r

t!: t] f 1,t-r-"'"'7,fi,.

In bhe general case.B may be considered as t,he mean intensitv of 1,he excil,ing
radiati.on, lvhich tnay be found from the sl,udy of Lhe profile of Lhe spectrai
line (6). In the case of lhermal equilibrium Br. is I(irchhoff - Planck,s
funoiion for Tu (accorcling to the theory of radial,ir.e equilibrium, the inten-
sily of radiaLion from Lhc lirnb). Therc,fore r-.xprcssing tlre nreasured E in
uniis of intensitv of the conl,inuous hackground (reduding l,he latter to the
value for the limb) rve obl,ain EIB (in oui case here is evidently presumed
tlre therrnal equilibrium for 7o of l,he orck'r of 2700").

oo

Tlre integrat J $-'e---'rrri; d). rvtrs clisctrssecl irr clel,ail irr the theorl, of the

curve of grorvth ilr the absorpLion lines, ancl Lhese resulLs may bc applicd
imnrediately to the measurerl values of EII) for {,he,emission lines. Turning
uorv 1,o bhecurve of growt,h connecLing 1og#rvith loSUZ-r*, one rnay soe

that al, a given E Lhe self-absorption is the st,ronger, the less is 8.2 A<,12.
Tlte lor,ver is bhe ternperatlrre, l,he earlier rvill l,ake place Lhe bransition from
the /+5" branch to l,he inLerrnediaLe one of the cur.ve of growth. In tlie appli-
,calion of these reasonings to l,he Balmer lirres it, is suppbsed bhal, bhe poition
,of the specl,rum under consideration is very limited. At ?:3000' the self-
absorption musl, be still appreciable for: E. W. aboul,0.50 A, and therefore
in our case {or If" and even for the higher members. Horvever, as l,his rn,as
ment,ioned earliei, the conclil,ions of t"heoptically Lhi.n layer liolct a{, least
as far as H;. I.'he explanaLion musl be probably looked for in thal, lhe value
2 Ac'r2B is in facl, rnr-rch hiqher than 2Aop X l(irchhoff-1)Ianolc's funcl,ion
for 7 of the order of 2700". One mighl; Lhinlc here of some analogy.r,r,iLh tl.re
phenomenon of <rLurbuleltcc)), recenLly cliscovered lty S t; r u rr e aud E l v e y
(7) in Lhe rare objeoLs of early class. In the lat,Ler case Lhe cause js to be looh-
erl for probahly in bhe large macroscopic movement,s greal,Iy increasing
l;he value Atrp. Bul, in Lhe case of eurissibn linesin quest,ion the transition
Lo the inl.er:mediabe branch of the crrrve of grou'Lh rvill clepencl on the
lunction B 2Lrop. The observecl r.r,idth of l,he I-I emission lines of order
of 0.6 A does not still predestine the predominanl, r61e of the macroscopic
movements. I{, will be shown else',vhere that the large wiclLh of the emis-
sion lines of IJ is probably partly clue Lo the oul.rnard mol,iorr of g'ases. The
rnain oause of the <rnormab) decremenl, in X{e sl,ars is probablv in that the
excibing.radiation for the emission specLmm is much sLt'or:ger Lhan that cor-
responding to the thermal equilibriun for 7' of the ordei of 3000', if one
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nlay fhink aL ail of Lhe forrnatiotr itl ru;' rvay of emission lines al' such a lorv
l,emperature.

O'r" ,rroy bring several arguments iu favout' of bhe,suggesl,ion that irl trIe
sLars l,he dbrorpiio, ancl emfssion specbra are generalIy lndependent, ,t].,t

that 1[e orisin of eil.lrer is due to clilferelL physical l)rocesses and contl i-

tions. I,Iere rie have found in the behaviour of the Balmer lines an evidence

thab the emission specLrum in I\'Ic sLars is properly llot, connected with t'he

photospheric radiation, tlel,ermining mainl-v_ the te.mperature of atmospheric
iryr.r 'and l,he generai characLer 5t ttre ,absorpLion spectrum. This resr-rlt

is"in asreementhith the extreme diffioulty t,o unclerstand the appearauce
of the Emission lines in lhe ordinary conrlil,iorts a[ ]orv Lempelaturt', espt'-

cialiy of lines of such high exciLation as Il antl Fe iI.

IU.\IZIiIJ IRO\

For Lire hypothesis o[ tlre physical screenittg iL is of high inrllorlitttre
lo knorv rhe b"eiraviortr r-rf Lhe linei belorrging Lo flle iolts Fe II*. iL reurairrt'rl
until nolv uncertain rvhether there are ariy Enomalies for these lines at. all"

486t 4924 .50/8 5169 5276

Fig. l..lVlicrophol,ogranr t-rf o Celi

.,\ l"hor,ouglL invesLigaLion oI lirc Fc IJ lirres in terlsities, rrrairrly irr 
..t 

lrc

,r.rir,r* of 'o Cel,i, lei[ to tlre discovtrY of several conspictrous anornaliei.
fi*ti.r,fu.ty remarkable is bhe nearly tol,al absence of FeII emission lints
i" tfr" sredn resion of the specirum 

-of 
the NIe stars. The lines 4924, 50L8,

iiog, s\lo art.l'53:[6, rvhich'irt laboraLot'1' atrrl i.n t]1e spectra of othcl celr'-

stial bodies are scarcelv fainl.cr tharr 4233, are lacl<ing here. Of Lliese lines
are very seklorn observecl oily L-924.and 50'18, lvhictr seem Lo be stronger
on thosL specLrcrgrarns on rvhich FIB is the mosb slrong'"-- 

a purtiof a r[icrophotogram of'lhe M5 spec,lrurn iI giverr iu.Fig.. l.,1.rr tlLe

above^menl,ioned .e$ion tire position of l,he liues, we are _interesLed itr, Js

indicaterl hy arros.sllt may he seen that all emission lines lie^within slron.g

unrorpti"" 6an,lt of Tig Ia"(ir,3), o-(2,1), o-(L,0), a (0,0), a (3'3) and ot'lrersl;
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i t, appcar$ Lh.at f or 4921+ this elfeoL is expressed Lhe mosL \\,eakly. '.lilie prol-raLrIe
cariie of the anomaly in quesbion is thaL in certain frequencies the radiation
of FeiI ions js hindered on its way out bythe absorption by the TiOmole-
cules. a hypothesis which rvas formerly pul, forward Lo acoounl, for the atlo-
rnalv in the intensity of hydrog:n lines. From this iI may be inferred thal.
tlrn rrmibting IIalorns anrl l-eltions are al, lcas[ nol, local.cd in thc upper
slrell of the-atmosphere of Me sl,ars and so there is no analogy in this re'q-
pect, v'ibh Novae, Novae-like and Be stars.- 

Now iL is of inl.erest, to l<norv whel,her the behaviour of ol,her Fe II lines
is in harmony rvilh this resull.. We shall firsl, consider thoseFeII lines,
ri'hich in other objecl,s are? as a rule, scarcely lveaker l,han the 4233 line. These
lines are 4352,4,508,4522,4549 and 4584. Of them 4508 and 4549 are nol
observed in Me specl,ra al, all, and [he ]ines 4584anil4352 are ollseryedverv
r"are}1, and then only as f ainl lines. Contrar:y l,o l,his, the line 4521. ts observetl
of [en as a rabher sl"rong]ine.All this is to beconsidered as an anomalY co_rn-

liar:etl to u,haL rve have-in laboratory and in oLher celestial objecl,s. For 4584,
,\549, L50B and 4352 Lhe anomaly may be explained by l,lie infiueuce of tlre
liands TiO a (3,0) R", a(7,3) R", a(6,2) R. and u(7,2)R". In the case of L352
one may also suppose the low temperature line Cr I L35L.77 l"o play a substau-
iial r6le. But the presence oI 4352 in the Me spectra is doubtful, and so is
il,s jdentificationwithFell. Neil,her may the rabher sl,rong line 4521.4 ob-
served in Me spectra be properly idenl,ified rvithFeII 1+522.6. The line is
rrotably stronger bhanFe 1I4233. Whatever the origin of lhe line observed
in the'neighb5urhood of 4522, il is worbhy of attention for its considerable
silength wtiicti may Jls connecLecl u'ith the absence here of TiO bands (the
neare.ql is a (6,2) R" /1506).

Finallv we have to poinl, oul, an anoma)y in Lhe lines 4233,4L79 and
41.7i), lor which the upper ancl lorn'er energy levels at'e ttearly equal' While
in laboratory and in the specbra of other celestial objects I,he intensil,y ratio
of these lines is aboub t0: B:5, jn the sbars Me (o Ceti) it is nearly
10 : 20 : B respecl,ively (in both cases l,heintensity of the4233lineisarbitra-
rilv assumed to be 10). Of these three lines 4179 appears to be free frorn
any influerrce and 4L73 is possibly influenced in a slight degree h;, a vsrl.
laint TiO band a (7.L) R". Asfor the line FelI 4233, il,is probably affeoted
lry bhe u,ing of Lhe st,rong lesorlance line Ca I 4226 and is also under the
lnfluerrce of the lorv bemperature line FeI4232.7 (the lat,l,er effect is evident
l'rom the apparenb asymmet,ry of the emission line Fe II 4233).

We refrain here from the considerabion of the fainl,er FeII lines: thev
,r1ay esoape observa'[ion simply on aooount of Lheir faintness artcl noI neces-
sarily because of the screening effecb. Hou,ever l,he consideral,ion of all
stron'gel Fc Il Iines, aslras been!hor,'n above, hrings out, a series of anomalies.
rvhic[may be explainecl satisfactorily in terms of thc hypothesis of physical
screenins. This will be equivalenl, to l.he assumption l,hat the mean eflecl,ive
leveI of the ernil,ting ions is lower, or aL lcasL not highcr, {han LhaL of L}re

ahsorbin. molecules-and al.onrs which in our caseare TiO, CaI and Fel.The
radiat,ion of Fe II ions is ra,eakened in such frequencies as happen closel;,
to correspond l,o certain absorpLion frequencies for TiO, CaI and Fel.

An argurnent in favciur of Lhe hypothesis under consideration is derived
{rom a comparison of the bghaviour of Fe II }ines in the spectra of Me and
Sc stars. In the latter Lhe TiO bands are knorvn to be faint or evelt absenl.
Llnfortunately, the material. secured by observations al, Simeis (R Gem.,
R And.) and elservhere (B) is very scanty and poor. There is no sufficient
evidence for the conclusion l,hat, the anomaly in 4233 :4L79 does take place
in the Se stars also. On tlie ol,her hand, one mav point oul, here the presence
of i,he emission lines Fe 114584, /$21+, 5018 and possibly 1t549, rn'hich,are

to



just l,he lines invisible or barely visil;le in l'Ie specl,ra o$ring, apparenl,ly,
to the screening effect of l.he TiO bands. Ib rnay well be remarked l,ha1,4352
is rnuch stronger. in Se than in IV{e spectra. Irrespective of whether l.his line
is or is not dueto FeII, il"s stretigtheningir"r Se appears to be counected with
l,lte weahening or absence of blie a.(7,2) R" bancl. All this is in line u'il,h the
fac0 thab the Balmer decrement I{B : I{r: Ifa is nearly normal in Se, rvhereas
in Me, esrpeoially in later suJrdivisions, the anomaly rvith regarc[ l,o H is very
s trong.

We have strong reason lo suppose thal, at leasl, near Lhe epoch of X{ax.
fhe matter responsible for the emjssion littes moves radially ou[warcl, antl
in this case the difference in Lhe radial velocities of differenb aLoms ancl
ions rnlll probably mean Lhe difference in Lheir effective }er.el in the atmo-
sphere. It is customary t,o consi.cler Lhe radial velocities for IrI and Fe I as

equal. For lr'e II lines a posibive shift of about 0.09 A u,ith respect bo hyclrogen
and lolv temperature emission l.ines x,as reported in o Ceti h), J oy (9). The
importance of this sLaLement is obvioLrs.

It is only for o Cel,i, l,hab we have sufficient data on indiviclual lines
(Mt. Wilson ancl Simeis). What is given below are devial,ions from Lhe labo-
ratory values of ), for Fe II or, in olher words, the deviations for Fe ll rela-
tivelY t'o H and Fe I ' .. :\ ri r, E 1r

rll
I :111, ,)),ll, i ,lllli';l,:, I'r n,,.r,t
t"tl

4138.38 (pred.)

4173.4?

1rt78.86

4233 . {6

0. 1i -\
().0t)

'-0. 0/l

(.).1'

i o.ol

--0. 0t;

0. tir

I
l

.\
I

I

I

().21 .'r583.8i

4923.91
'1018.4:\

l

1 o.oa

-0. 12

0.01

l

-,-0 .09?

q

The last l,u,o lines are cliscardect b-v 'l o y, ancl his conclusion as to the'
positive shif t of Fe II is practicaliy based on the 41.i18 and /t233 lines. The
observabions made at Simeis likewise testify to Lhe presenoe of a large posi-
Live shift in the case of l,hese lines. Yet, thc're are serious argurnents againsb
the identificaLion of the firsl,linervith FeII:1) This line has never been ob-
served in ol,her celesLial objects (chromosphere, Novae, Re a. o.) lvhereas
all the other lines of Fe II menbionecl abot'e, are easily seen. 2) Nor rvas this
line observed in Lhe laboral,ory, and il,s tr lvas computed from the knolvn
'Lerms. Of che ol,her analogous lines predicted no one was obsert'ed in labora-
Lory or in specbra of celestial objects. 3) 4t3B is a very strong line in I\{e,
ab any raLe muclr slrottger tharr 4233.

AJ lo the \ine 1t233, i'c may be lemarked Lhal, at a disbauce of about 0.15 A
(afl,er allowance for the usual. shift of emission lines) there is a strong lorv
temperaLure absorption line Fe I 4232.74 which may affect the position of'
t,tre line Fe tI 1+233. Infacl,, even at moderate dispersion, fhe line 4233 appears.
narrower than l,he other Fe II emission lines and displays an ohvious asym-
metry on the large'scale spectrogram of o Ceti (1O). From all of this lYe are
bouncl to conclud1 that l,here is no reason i,o speak of any clifference between
the radial velocil,ies'of l,he Fell ions ancl the aLorns of H and Fe I. It wiil
however be shown in a later communical,ion that this conclusion does nob
necessaril5r apply to more distanb phases.

What may be argued frorn the fact of equal radial velocity and more
or less equal screening ef fec t, f or FI, Fe I ancl Fe II is that at least about Max -

t.l

). (lilbolal,oly) _\rt. Nil-
sorl (;l oy)



Lhe emil,l,ing atoms and ions in question are nearly irr the sarne layer, which
in any case is nol. higher than l,he layers responsibie for the absorption,
spectrum.

Since, judging by the K-l.ernr (41) and Lhe velocil,y dilfereuce beLweeu
t,he emission and ahscirpl,ion lines, l,he emission mal,l,er is in radial motion
ou[ward, we may expecb the screening effect to vary wiLh phase.

Therefore the s[udy of the variat,ion of Lhe anomaly with phase ma1,
serve as a basis for our judgemenl, ahoul, the change of the relal,ive level
of the maLter responsible for ihe emission lines. Of-tlie available daba l,he
most nurnerous refer to bhe linesFe II 4233,4179 and 4173. Using tlie Simeis
observai,ions and rlso J oy's esl,irnal.eii (12) we nere ahle ind6ed to dis-
cover a qrrite appreci;rble vnriabion rvilhphase in Lhe relaLive intensiLies o[
Lhese three lines. Srnoothetl values for [he log of the rabio /fl33:41.79 art
represen[ed in Fiq.2.'fhough we have here to rleal wiLh esfinra-
les insLearl oI rneasured irrlcnsiLies. yel, Lho realitv o[ b]re deur.ease of 1,lrr.

anonralv rvith advancing phase may harclly be oalled in quesl,ion. Eventually
Lhe in[ensitv raLio is Iikel.y to r
become normal. Il, mavbe showu
that the effecl, il quesl,ion |aso
cannot be ascribed bo l,he change
of the number of the absor-
bing atoms and molecules as f unc-
lion of phase. 'Ihe observerl
effectis to he probably inl,erpre-
ted in the sense thaL the relative
r-evel of the emil,l,ing nelt io"* ir '0'50

subject [o nrore or less conl,inu-
ous,changes w,r.t!,aay.an9,rng. phasc
r,viththe-resulbthaLintheilistanl, Fi,.,.,3. Therrhangeof theini;ensityof thr,
phases the level of these ions irr [rc'i t tines L2:r:]i t;77(\ with arlvancins^ phasr,
Lhe atmosphere is generallv much
higher than the rnean level of ab-

0.00

0t5 006 0.2s

(o ceti)

sorbing atoms and molecules. This and Lhe facb that al, leasl, aboul, NIax.
the Fe II ions and atoms of H and FeI are nob separated but rather iie in.
the same level (probably in l,he lower one) l,hrorvs iight on the processes.
taking place in the abrnospheres of NIe stars.

NDUTRAT, II}ON

Irr the problem of emission lines l,he sl,ucly of Fe I is especialll, inleres-
ting particularlv wil,h respect to the possibiliLy to apply l,he hypobhesi.s
of physical screening. This effect must be of special importancefor the I-el
emission lines, as quite close to them musb always be located rather strong
corresponding absorption lines of Fe L The physical screeningof FeI (Em.)
by Fe I (Abs.)is possihlyin rnany ca$es morc considerable l,han the screening'
by TiO a. o. Much depends also on the shift of FeI (Ern.)relativelyto FeI
(Abs.) and also on some ol,her facl,ors.

We have noticed above thal the radial velocit,y for l,he emission lines
of H, Fe II and Fe I for the epoch near Max. is l,he same. This fact alone gives
a reason bo think that al, least near the epoch of NIax. l,he conesponding
ions and atoms are local,ed approximately within the same eflecl,ive level
in the atmosphere and l,hat consequently the physical screening musi,l,ake
place for the Fe I atoms, if it affects I{ and FeII.

It is of grea l, importance f or the problem in the whole to solve l,he questiotr
rvhether th-e physical screening affects in the same degree the emission lines.
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,i'{)rres00nLlirrs to hiqh aurl Iorv energelic Ielels. For
c rlually irnpo?tant t6 knorv rvhich liries oI llie rich Fc I
iri emission and lvhal, anomalies cau be found here.

the same purpose it is
. spectrum are observecl

In the spectral region I > 3600 A there are knorvn only lhree rnulti-
plets (13) with E. p.( t.6 in rvhich a part of thelines is observed in emis-
sion (they are markecl by an aslerisk in the tabie).

TARI,E ]II

a;1) 
- 

zTPo

(ultirnilte multiplct)
a6D 

- 
ZTIao

(ultimate multiplet)

labcr'. I ryqsl labor. hins (cf)

t17:)L.?'\
t+149.77
4199.99

'.'\206.i0
t, 1216 . 19
\2:r2.74

* 4 258.33
'k4').91 .4?

L

lrrecl.
L

8
t
2
tt

4'.J25.76

1*iYt7 .2't
,t \'.ti5.95
rr389.26

4r05.03
,t,!t!e7 .82

4\35.16

4445.48
*4461.66

rr466. 55

4471.68

{,{1182. [8
* \489.75

hlencl

(1)
(l

2

(pred)

{0
2

(1)

8

ble nd

(1)

4

0. lri
\.tt

0.)!t

4.3

0.21

2.0

0.:Jl

x.6
0.6:t

oJo
2 .|',t

0.38
0.45

a3l! _ 7_tG,

).

4747.68
*t002,0L
rr250. B0
42';N.?8

*11307 ,91
4325.28

I ranor.l los s.R. 
I

l;. l;l
luli,:rl

King (gf)

s9o
880

2 450
:l 300
3 800

1n the stucly of ernission lines of Fe I one rnus_l,.kee_p in rnincl l,lral, ihe lou'
tcr,perature mrltipl.ts of FeI are well represenl"ed in absorption inthe spectra

of tate type stars-. At moderate dispersion,.ge.nerally used ir-r these cases,

sav lJO -,t.'tt',u obselved conLorrrs of the erniision and absorpLiort lines are

alinost purely inslrumental ones, and at the comparativeiS' small shift ahout
{B km.itlrese conl.ours will to a great extenl, overlap one another' It, is just

t,his facl,or thal, stronglv affecbs tlhe observed behaviour of the Fe I emission
lines in clifferenb phaies. Here we have to deal not only u'ith the elfect of

,oi*ri.ri screeninq, but also with thal, of a purely geometrical blending.
i4.i".o"", l,his cirfiumstance strongly increases in many cases the difficult'y
of cleoicling whal, lines properly Cre emission ones'- 

U;d;;f{,eclly as corrc.rrr. the Fe I lines in emission we have to cleal with
nn oplicativ tliin la\rer. ConsequenLlY one may-expect-that the-intensity
ratio'of the"lines witirin a multiplet is-.&/. Thus, independ.enLlv of- artv

anomalies, one mayexpect thai the fainl,er lines wiLhin a multiplet' will no.t

d; ;;;;. Rea1ly, tb. itre above mentionecl multiplets a5 D * 
'z 

pu n1d

nsfi-- ,zFt ttr"is is eviclentlywell jusl,ified. From l,he other side, the wi{tlt

"f tfr. 
coresponcling absorpbi6n lines in spectra of these,sLars varies - {Tf

or even still'slower] For certain values of the relative shifts of the emission
ii";;i;;;t occur thau a fainter emission line of a multip-leb will lie outside

ilr", 
"o.."tp"onding 

absorption line,. whereas a sLronger ,line Pay !e.aP.p'9-
,riahlv aftectecl 6'v nhvsical screcninE. One musL also keep itr mind thal ,

e* jf 'follo*s 
from"Lhe experirnents made I,y King arrd others, forsome ult-
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knorvn reasons several lines of a rnultiplet, are more sensiLive [o changes in
e,xcita[ion l,han ol,her: ones. T]re influence of all l,hese factors in additiorr
to t,he usual influence by'fiO or some obher lines may cause espeoially
sl,rong anomalies for the Fe I emission lines.

Lel, us consider first Lhe multiplel, a5 D - 27P0. From the eight, lines
only lhe four strongest ones are found in emission. This emissi6n, gene-
rally rat,lrer weak, is seen orrly i-rt more advarrced plrases. Usirrg our"esLi-
mabes of intensity of l,hese lines in the specLrum of o Cel,i, and al-so in f irst,
line Lhose by Joy for Lhe sarne sbarlve have drawn smoolhed clrrrres shown
in Fig. 3. The estimabes for 42L6.2 are very uncertain, especially in earlier
phases as Lhis line lies between two slrong absorption ones - Lhe corres-
ponding FeI line and 4215.5 of SrlL Thehorizonlal. doLl.ed line shows t1e
t,ransiLibn from absorption to emission. Although Lhe estimates are natr-
rally of very low accuracyT the realify of Lhe observed picture leaves no doul:1,.
'fhe anomalv in the intensibies of lines and ils variation lvith phase for tfte
multiplet ai D - z7 P0 is recordecl Lrere for t,he firsL time. The influenoe
of TiO is apparenl,ly insignificanl.,
and we may speak here only on
the physical screening by th.e cor- 4

responding Fe I lines. J
There is some analogy bet- z

rveerr l,he anomaly for this mul.ti- |
pleb and the known anomaly for n

rve shall see later, this is of im- 'l
porbance for the interpretationof '2

this phenomenon. I
The anomaly for the multi- 1

pieb aBF - zaco is especially
slrong and was Iong ago noticed -at2 0 ae o.24 0.a6 048

lry .J o y and It{ e__r i i t I" (14). ,It Fis. J. The change oI intensiry ot. Fe I
ls lhought,generally bhaL from the iin?s iaou-rzpo;"wirh a,lvancing phase
6 lines onlv 4202 and 4308 are (bCeti).The_positive-andneEpal,ive values of
observed in emission. The ano_ ordinates relate to the emission-and absorp-

maly consists in thar, from one o_l!"51,'9*-l_1'f,l#'J"lr*ro,sitle, three slrong lines are troI
observed in emission at all, and from the other - that the ratio /1308 : 4202
very stronglv differs from the theoreticalvalue. Smoothed curves for these
lines constructed in the same manner as for a5D - zlPo are shorvn in Fie. 4.
'l'his Figure shorvs tlistinct,ly thaL wiLh increasing phase, the absorp"biorr
lines are gradually converted into emission ones, and the anomaly in
thc ratio 4308 : 4202 is weal<ened.

There is anol,her importanb factor, which apparently holds also for the
rnull,ipiet a5 D-27 P0. As seen from Fig. 4 there is properly no limit, between
emission and absorpl,ion lines. It is remarkable that, when the emission at
4202 and 4308 reaches maximum, other lines aL 44.48,4251,4272 and 4326
nearly disappear as absorption lines and in more distan[ phases apparentlv
sltorv a terrdency to emission. TIrus, although otrly 4202 and 4308 aie consi-
rlered as emission lines, there is properly-no inLrinsic difference beLween
them and the other lines of tlie multiplet aBF - zBGo, which are known
as absorption ones. Probably the same takes place withi.n the multiplet
a5D-z7Po.

Leb us try [o inLerpret the observed anomalies for FeI in the light of the
hypolhesis of plrysical screening (l,his is done for the firsb time)-. In Lhe
rnultiplet aBF - zBG0 the line-/1250.6 (a correction of about -0.2 A for
2 lh" Crimean observator-y, vol. I, parl, , t7



ihe relative shifi of the emission lines is applied), unobseryecl in emission,
mrrsl, be local,ed bebrveen Lwo strong absorption lines Fc 14250.80 and Fe L

4250.13, rvhich are g-enerally disLinguished in laLe t,ype spectra by verr.pro-
nou nced viole t and red u'ings. Ab modera te dispersion tlresc lincs are
unresolved, and the mean ),is aloub 4250.5. Thus the-absence of the emission
line is. easily explained here N,ithin the limits of the hypothesis of phvsical
screenrng.

:\ more slril<ing anomaly is the absence in emission of a stili stronser
line 4277.78 (-0.2J. But u,hen considering that the latter lies betx,een tivo
very str,ong lines Fe I4271,.78 and Fe | 4211.L7 (unresolved in o Ceti, mean

^ 
4271.6), one may probably also explain why this emission line escapes

ohserva tion -

The ernission 4325.78 (-0.2) is also unknorvn. Here besides the corres-
poncling slrong absorption line of Fe I is a rather;j;?le.%.j:-,X.J#:.r1"r|3;,1

in mind that in Lhe region
of the multiplet a3 F .-
zB Go the TiO bands 4270
a (5,0) and 4315 a (6,1) rnay
exerl, some inflrtence. We
recall that the strong emis-
sion lirre l{, is,irtrUty
weakened orving prolrably to
TiO. It may be spol<eu herc
of the band 4340of TiO (?),-r f I u,hich is apparently fain-
Ler than TiO 4315. I( i'[er than I rU 4JL5. I! r n rr

0. t? 0 /2 0.J6 0.60 "Y' -':" _' 'Y l"'' D
Eives for the laboratory thegives for Lhe laboratory the

Fig.4. The change of in(ensity of the Fe I lines hand 4340 in an olrler lisl,
(arF-zeQo) rvith advancing phase (o Celi). Thc (15). but does nol, menl,ion
p.ositive. ancl negative, 

"uly:1"f gl9llil.:t.tl!.19 itris' t,ana in his nerv lisLthe emission and absorption stages respectively 
i;6j. fl; is in this region

'-4202' 
x -4308' 

o 
-4251" 

4272' 432( 
a general depression in the

conbinuous specbrum due probably to TiO (17). The lal,ter can affect noL
only the seeing of 4271. and L325, but also of 4308.

Finally the absence of 41,47.7 in emission appears natur,al, as intle pr,,n-
dently of influences lvhatever its intensity accordins to t,he sum rnle is very
insignificant.

Thus the absence in emission of all above discussed lines of the rnulLi-
plet aBF _- zBGo can be explainecl in Lhe terms of the hypothesis of phy-
sical screening.

On the ol,hcr side trvo lines of Lhis multiplet 4202.04 (-0.2) antl
4307.91 (--0.2) are observed in emission. The first of l,hem may be alfecl,ecl
only by the corresponding moderately strong Fe I line and namely this may
Irethe cause of the presence of emission here. The case ol 4307.9L (--0.2) is
rnore complical,e. Flere there seem Lo be no conspicuous lines, belonging
to elements other than Fe I, but the corresponding absorpl,ion line of Fe I is
very sbrong. Perhaps when comparing the seeing conditions of the emission
lines it is proper to recall from one side the rlote by Miss Nloore ancl
H. N. R u s s e 1I (18) bhat in t,he solar spectrum the lines 4202 and 4308
are less winged than 4325 and 11272, and on the other, bhe observation by
l( i n g that for some unknown reason 4202 ancL 1+308 are rnore sensil,ive
to changes in excitation than the other members of the multipiet (19).
-A.s concerns 4308, some influence, as duly mentioned above, may be ascribecl
to TiO. It is also inLeresting to note, bhal,, as seen from Fig. 4, the emissi.on
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11308 appears in a laLer phase t,hau l,lie crnissiorr 4202. On l,he ol,her side,
as seel-from Lhc sante Figtrre, irt ve:rY remole phases llobh lines 4326 and
4272 slrcw a Lendeucy 1.o emjssiou.

Iror the unders[aniling of Llte anomaly for 4308 :11202 itis very impor-
laril. Lo nobe t,hat in the Se specl,ra t<l,he relabive inl,ensities 4308 :4202 are
never exlremely abnormalu (20). It musl, be just so, if in Se the TiO bands
are oonsiclerably rveaker than in NTe. llolvever the absence or faintness of
t,mission for 4,212 and 4326 sholvs LhaI the r01e of ihe rvide absorption lines
of lrc I is also imporl,anb here. Besides, so]ne effect may be due also to
tlie somernhat hiqher value of l,he relative shift of emission lines in Se
spec [,ra.

:rccording to 'lliaclieray atrcl il'Ierrill t,he anomaly in
4308 : /+202 may lte tlue to the mc,clranism itself oI formalion of emission
lines (fluorescence of R o \\, e n's type). Holvever the very sLrong weakening
of l,he anomaly in 11308 :4202 in Se spectra and also in remote phases of Mc-'

spect,ra suggesLs bhat B o w e n' s fluorescence is perhaps noL Lhe only
cause of the observed anomaly.

The example of l,he mull,iplet, a3l- - z3G0 shorvs parl,icularly s,ell thal,
l,here is no intrinsic difference beLs,een t,he lines which are generally acceptetl
as emission lines and lines of the same multiplet known as absorption ones.
;\fter all, considering the behaviour of these iines in different phases fronr
early to late ones, one may apparently follow all the transitions from a sharp
tlefined emission to a rvell pronouuced absorpl,ion. The combination of all
facts can apparenLly be sat,isfacl,orily explajned within the limits of tlte
hypothesis of ph;,sical screeuing, the screening material being here chiefly
Fe I ancl perhaps TiO. Nloreover- iL is very essential that with increasing
phase the scrcening effect becomes considerably iess (as rvill be shorvn irr
LIre seconcl papc,r -probably olving to the gradual increase of the e{fective
level of matber responsible for the emission spectrum).

An imporLant factor is also the size of the shift of the emission lines with
respecL to the absorption onesT as u.ell as the width of these lines, especially
til absorption oncs.

The ultimate mull,iplel, a5D-z?Fois genc'rally rveak. Like the multi-
pleb asD - zTPo a relatively great number of lines is iu emission here.
As seen f rom Tahle TII l.lrcse- are llre lines of grea besb LheoreLic and
Iaboratory intensiby. Possibly this is due l,o the smaller effecb of bhe cor-
responding absorpbion lines. This may be also parbly connected wil,h the
very lorv-level of the terms a5D, z7lr0 and 27P0. Owing to bhe fainbness
of the lines and probably to the sensible influence of Lhe TiO bands
it is more ctifficull, here to l,race the variation of intensity of lines wlth
phase.- For separate lines lve have bhe follos'ing. The emission 4427.3 ( -0'?)is probably affected by the influence of Tj0 442I.6 a (4,0) R" and possibly
l,he Ti Iline 4t07.1i,. The emission 4464".7 (_-0.2)is apparentlyoutside the
band TiO 4462.5 a (5,L) R". One rray also explain the emission at 4482.L8
( *0.2) and 4489.75 ( -0.2) apparently lyilg outside the sensible influence
of bands or absorpLion lines. The emission a1 4375.95(-0.2) often stands
out from the other lines of this multipleb. Possibly this is conneoted with
that this persistent line is verv sensible to the conditions of excitation.
According-to K i n g (21) this line is the strongest iron line in the furnace
at 1400".

That the lines of bhis multiplet, are affected by the TiO bands is seen

from their behaviour in Lhe Se specbra. Although the data ale vely scarce
(estimates by I{ e r r j. 11 (22) and Simeis ones-for R Gem. and -R And.)
it follorvs Lliat if 4376 is errer menl,ioned, it appears mostly together with
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1tlt27 artc|4461, Lhe differerrce beLween Lhenr licirtg appalenlly less thal in
I\,Ie.

r\s oonoerns llre f aint. lines of t,[rl s rnull,iplet,, t.he claLa are genera]ly scarct''
Ttre ilflr-rence of TiO is apparenl,l)' sLrorrger than that, of Fe I. All,hough tlre
Iines 4376 ancl 4t*27 display perlraps some pecttliariLies, t,he general beha-
vionr of LIie mull,iplet, a5D - ziEl presenl.s no couLradicljotis Lo the }iypo-
Lhesjs of plrysical screening.

All three"mull,iplebs considerecl belong {.o lou'temperaLure ones. We
have st,udied one lorv l.emp€raLure mulLiplel, rnoro rvhich s'as uotsuspeoted to
possess emissiori }ines. Unf or1,unately otlr obserYal,ions of o Cel.i are lirnj-
icrl t,o the pltase +100. Using oc Herculis as a st,aridarcl rr,e have esbirnat,ed
tlre inl,onsii,ies of Llie ahsorption lines 4005, 1t046,406d arrrl r+072 (Fig. 5).
lL is seen frour Lhese oomparisous l,hat, r.vhile aL Lhe epocli of t\[ax. t,lte inlerr-
sities of [he lines of t]re mull,ip]eL a3F-ysF0 are trearly equal irl Lhe spect,ra
of o Ce ti alcl a l-[ercr,rlis, tlie same lines in advancec[ phases are sLronglv
r.t-al<enec[ in the f irst. sLar. This musL be apparenl.ly inl.erpreter,l as a Lral)-

sition inLo emission of {he lirrcs of tlris
multiplet in analogv 1,o 1he siniilar effect lor
l,lie lines of the mirll,iplet a3F- zRGo 1r2bL,

4272 and /11126. That u'e deal here rviLh a
probaltle teuclenc;. to ernissiotr and noL rviLtr
Lhe effecl, of change of 7' and P is shoq'rr
by the fact,. l,hal, lo'ir. temperalure lines of
V I as for inst,ance 409:1, 11170, 4L47, 4L28,
4379 a. o. Iying lrcyoncl the absorption
bands of TiO ar;e nearly invariable rvlten
passing frorn l'Iax. t,o phase f 100 and even
sl,ill rnore adr.anced ones.

The same effect of {airtterring of the ah-
sorpLion lines is apparenLl.y manifested, al-
though in a lesser degree, also f or l,lie multi-
plel, a3F-25G0. Floivever, as this multiplel,
lies in a region of longer rvave-lengths, ihe
apparent fainlening of the absorption lines
may be due to tlie sLrengthening of the
TiO bancls in aclvancecl phases. Bul, in
Lhe regionl)11300 t,he ahsorpLjon lines of
Fe I seem fainl,enecl ir o Cet,i relativelv to

0
-l

-3

o

-2
..,7

0 40 E0 /20 daya

.!ig. 5. The change of inlensity of
abiorptiou lines of !'e I rvith ad-
vanci.tg ph:ise (o Ceti minus a IIer-
r:rrlis). Top for a3F-yrFo (1046.
11061, 4\72). Boitom for a3F-y3Oo

(L25t, 4212, 4326)

a Ilerculis. 'fhis rnusl, be so, if o Ceti is of a somewhal, later class (the
bands of TiO are sl,ronger).

We have considerecl in Lhe region I> 3600 all lorv ternperat,ure mull,i-
pl.ets (exc,i Lation pol,enl,ial of the lorver level<-1 .6 V.). In Lhese of t.hem, whero
some lines are in emission, t,he others shorv tendencl, to emission in
disLanl, phases. Bul, bhelines in l,he oLher lolv temperature mull,iplebs seern,
as a rule, l,o Lend l,o emissionin moreremol,e phases. This is a more general
conclusion than l.he deLecLion of separal,e emissiorr lines in some mulli-
plc l s.

The resull, here fourrd mav be rvit.houL diffictrl.t,ies sal,isfacl,orily er-
plained rviLhin Lhe limiLs of Lhe hypothesis of physioaL screeniug clue ohieflv
to corresponding lines of Fe I and Lo TiO bands, The sl,udy of the behaviour
of the Fe Ilines mrrsl, have. as it. rvill be shorvu in t,lte second paper, an ex-
Lreurel-v greal, inrporlance lor Lhe solulion of t,ho quesl,ion of tlr.e origilt
of cmissiorr Iirres.
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I'. III A I,I H

B lracroarrleii 1ta6o,r'e Aaur,r HeHoropl{e peByJrblarlr l,r0c.rreAoBarrr,rr{ al{r'rc-
cr.roHH6rx .nr,trrr.ri,i B (illerirpax lloJrrolrepl,IoAr.lqecltLIx trepeMerIHLIx 3BeBA.

B o g o p o 11. ?lrrmeperrrarr r[r,rpr4Ha 3l\{r,rccrroHHblx rtlruur,l B o6ilacrrd
3700--i1900 A ptrnrla oHoJro 0.6 A, rrro B HeoxoJrr,r{o paa npeBbllxaer Aonurre-
poBcrtyrc TerlJroByro xrr.r[]r,rny /urrr reMrepalYpbl, rrpr4Hfrroi:r AJrn orl,rx 3Be3A.
l{paiinee paBrroo6paBue llNlrrourolrlr},tx BoAopoAI{bIx runr,rit I'I" - Hru n ot-
lrofirer{I4r,r oTpYrtTyp6t, r,rHTeHC-r,IBHoCTIr r{ aHoMa"iIrrrl R AJIr,rHe BoirIlbI MoilteT
6r,rrr o6llflcHeHo 6eB oepbeilHr,lx r,lcxirloqeHr.rit e pauxax J'r,lrIoTelirl o 0uBI,I-
rreor(0M aHpaHupotsilr.nru qepeal rorJrorqer{r,re. B arolr cryqae trorirolqarcIulrM
IrareprraJrorlr ,rBJrrrorcr 'IiO, V I, Ire I. Cr I, Ca II, H. AuaJrr,ra rIHTeHcrIBlro-
creii nogopol{rrbrx ilr,rHrrfi n pautiax reoprlr,r Kllr,rBoit pocra npr,rRoAr.rr }t SaHJrIo-
qrlrrnK), rrro noa6yirrTlarortlan paAlrarlrrr{ uttr oMr{ccrrorrrrolo BoAopoAHoro
crreHipa oareHr, clrJrbua r,r, co6ctneHrror He l,rMeer oTuoilreHr,rf{ H o6br.IHor,1 {)oro-
ct{repuort paArrallrr!r l.rrrt i)rux ilBei}A.

IuI o lr pr B o B a r{ }[ o e in e "rr e B o. B uonegeur,rrl DNrr,rcclroHHllr ;ttlr{lrii
Ile II ornpr,rrr,r Hr-,rroropbro auor{a"urrrr. ]',raunrre lra r{r.rx: 1) arloMaJrr,rfl B
orllorleHr{!r r,lHrencrrBuocre ji lrrrrrrii! /fl3i1 : 41.79 : 417 3;2\ orcyrcrBrre D}Il,rocr{oII-
nslx;rlrur,ri,i B BeJreHoit qacrl.r olreHrpa; l3) uerioropr,re ocofieriHocrr,r B r,rn-
reHcr{BHoL}rr,r ;rr,rur,rii B o6Jracrr,r 4300 - 4600. tsce MHoroarrrcJreHHrre auoMaJrrlr{
lrofyr 6urs o6t.s0rre]ibr .r] paMr{ax rr{rroTeBr{ {ruanuecHoro cfipaHr,rpoBaH}rfl
(nolnoqarculnit Marepr,rarr s4eci, 'liiO, Fe I u Ca I). C yBerurreHr4enn r[aam
aHoMaJrr,rfl B oTHoulelrr4r,r l.lHTeHcr,rBuoc'reit 4233l.4179 fiocrerreHHo yl,re]Iblrlaer-
(fi, HaftAeno, aITo oI{oJIo r)tloxI,I MaI{cr,IMyMa Her oCHoBaHI,IfI t'oBopI,ITB o
naxou-"rru6o paairr,rqrrfi B paAr,Ia"rrhrrr,rx onopocrrrx AJrfl r,roFroB lre ] I rt noAo-
poArrbrx aTotlOB.
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II e ii T p a Jr b H o e 7ri e ir e B o. Hai;i4erla arroMaJrurr AJrfi DNlr.rccrroH-

Itr,tx .rruuur,f lryJrbrr,r[Jrera a5D - 27P0. ]ruenbrrrerrrTe eroi,l arronanr,rlr o yBeJrr.r-
qeur,relr {aarr lrueer Muoro o6ulero c r,rssecrrrofr anouarrlei,t AJrrr MyJlbrr{rrJlera
asF - zBG0. Teugeuqlra rt o6paaonaHlto allr,rccrroHHrlx rr,rnlril Haf,r4ena
Tanffie AJrfl LyJrr,TlrrrJrera a3F * y3Fo. I4Merorcn cepr,e3Hble ocHoBaHrrrr
IIpeAIIOiraI'aTL, qTO BCe Hr43I{O-TeMleparyllHlle llyJrlrl,Ilrernr Fe I SrrsrIslor
s ror,f lrJrr4 r{Hoit crerreHrr ieu4eurluro ri aNlr{ccr{I{, B oco6eHHoctlr r 6onee
AaJrenr,re rpaarr. fiame gnn flBrro aMrrccrroHHr,Ix ;rrrur,rit Fe I ncelga uoaiiro
rlpocJreArrrb rlocrerlel{H},It nepexo4 r{B rrolirolrleHrds B or\rrrccr,rIo. He rel'Ho
B npefieJlaX IIyJILTI4IIIJIOTa paAA€,IIIITL JIIIHI'II,I Ha DMI,ICCI{OIIIIbIO II JIIIHIIII
lorJroqeHrr-s. I\{noroqlrcireHHble rr B tsblcllleii creueun paaHoo6paBHble aHo-
MaJrr{r[ B rroBeAeHrrr,r EMrrccrroHrrrrx .urrrrrrrt lre I uolyt 6rrts cornacoBanbl,
uo npai,irreir rtepe 4na 6orrurr4lrcrBa cnyqaets, c ll,IrloreSoi,l rlualluecnolo
aHpaHrrpoBaHrrfl rrplr AonyqeErrr,rT qro l'.laBr{afr po;rb B Dlroa'I r[eHoueHe nprr-
r{a4Jrex{r{T rrorJroularcrllrm atoltarr Fe 1.



llr\Dir\L VELOCITIES OF' 107 B8-A0 STARS

I'. il. ALB I'l'ZKY

'I'he observalions of radial velocil,ies of B8-A0 stars rvere producecl in 1932-1937
rr'ilh one-prism spectrograph ancl short camera giving a dispersion of 75 ;\/mm at H1.
\\rhen recl.ucing the observaLions the systematic error as described in oul previous paper (I)
has beeu taken into accounl. Frorn tiie comparison of the radial velocities of 7 stars in
cornuron with two catalogues the svstematiCcorirection to our radial velocities was de-
rluced, viz.{ 0,44)=1.51 krr/sec in the sense Moore-Simeis. In table XII there are given
the final radial velocities lor 91 stars with mean value of p. e. equa[ to +3.57 km/sec.
In table XII are given observed velocities for (6 stars with variable radial velocities.
\zery large velocity of the star H. D. 161817 leacls to the conclusion that this star belongs
to the class of high-velocitv stars.

'\f ter complel,ing in 1932 the observabions of radial velocities lvithadis-
l)ersion of 36 Aimm al, H7 on accounl, of exhaustion of stars with unde-
Lermined veloci Lies in t,hc practical iimits of brightrress and position aces-
sible lo our reflector it rvas resolyed to use for the observations of radial
r.elociLies in bulk the shortfocus camera wilhadispersion of 75A/mm at Hi.

Considering thaL so small a dispersion furnishes radial velocities of
some\\'hat reduced precision, it rvas resolved to observe the stars of speoira.
subclivisions B8-A0, as these spectra contain generally few lines of the
s.orsb qualil,y and their velociLies cannot be, generally speaking, del"ermin-
otl rvith good precision.

Ib is true that the smallresolying power of such a dispersion obliterates
the rveah meiallic lines which can sometimes give good precision even
for these stars; buL the advanbage of the greater lighl,-gabhering porver is
self-eviclent for l,his class of ob"servationsl

I'or this cal,alogue were obserrred the stars in the limits of brighl;-
ncss 6,n.6-Jtu.l 1ris. and, as before, betrveen declinations 0' and -l-40'.

OBSERVT\TIONS

l[']re observal,ions were produced in thc period between Nlav L932 and
the c'nd of {935, and from March to November L937. In 1936 were obtainecl

- only ferv spectrograms as the spectrograph was dismounted to observe the
solar eclipse. In total rvere secured negatives: 233 for stars with knorvn
velocibies ancl 518 for programme ones.

OQ
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In tlre pSper of_ ours, (Radial Velocities of l14 starsrr (1) the opiical
properties of the short camera were desmibed in cletail. In thi, pu#r. ;i;
given sonre complementary detai)s of the compntations rvhich aiscto'sea ttreimportance of accounL of the error depencling on the curyal,ure of the
camera field.

\\/,\V]] I,ENGTHS

..- The rvave-lengLhs for l-he iron-arc comparison spectrurn u,ere takel frorrr
<, IransacLions of Lhe InLernational AsLronomicai unionD, vol. I, p.4r.
The. wave.-lengl,hs_used for stellar lines were firstly taken: for B-starsfrcrrn
<,Publications-of the Domininon .,\strophysicat obierval.orv. vicloria; ttri.v, Nr. t. All these'lvave-length.s-wer.e reduced to the I. A."b. sy.tem'ruirii
l,he. help _of the co*esponrling:table froT H. K a y s e r,s <<Tabeile ite, Ha.,p[-
linienspektren aller Elemeiterl, S. VI.

On the basis of tltese rvave-lengt,hs have been const,rucl,etl the re{uctiol
l,ables rn'it,h u'hich 'were perforrned-the reductions of all t,he nreasurernerri,s.

Before l,he final computations of this catalogue Lhe lvaye-lengtL" oi tir*
lines of lhe A-F sLars w'ere reduced to those recofimenclecl bv L,+."u. 1r.rirr.lV., l.- 188) and the corresponding corrections rvere inlrod"uced inio lll tl,,tvelocities from differenl- Iines. Tlie wave-Iengths for lhe R-slars r.-ni'i",t
rinchangecl.

The-daLa for Lhe lines used in this cabalogue are given in table II, colurnnsII"r.j]rd J.Ir.^Jl^llr. are given the.factors f-or conv'erting the ciispiacemeiits
oI lines (in 0r.001 ) inlo velocities in kilometers pe, *eco"ncl.

tIE,\st rlil.lN tr\T)
The rneasuremenLs of Lhe spectrograms have been performed lvith i,he

comparaLor ry Y. IvI-e 
1-s 

e r, by l,hree ineasurers lvith the'numbers of spect,ro-
grams measured as follorns:

)'. A. Albitziiy (r\) Const. vel. s[ars 2l]2 progr. stals 607 Alt SjJl)L. A. ,,\Ibitzky (L) D ) ) 108 ,) '- D 5til ,> ?,1,1p Th. Shajn (S) )) )) , # 
, , 

_H , ai#
Every s.l)ecLrogram was measurecl, as a rule, by two cliffercnl. measurers. 'J'lie
comparlson betrveen Ineastlrernerrls ol L[rc speoLrograms of consLarrL velo-
ciLy stars by differenL measurers revealed the person"al diiferences as follorvs:

I)isregar.ding l,he spec{.ral types . r\ *- l,
A-S

Il2 -,\2 stars onl-t, -,l _ ri

\l:r,q \lilllrcl'ol I'r.tspit:rl' tIIirsilrl,ilr.Irs rlilli,t,(.il( r.j

:16 1U7 -().3{i -i-o.til
li 't; l.ll; - t.t,i
)\ t:rs +1. tr) Ii,,.l,;
1r l! +:t. tiri _,-,, . t ;

^ As it is seen,-l,he differences are smaller than Lheir probairle errors, aL least,
for the principa-l,mea,surersl and lhey were neglected: A11 t,hc rneasurements
have been considered to be of _eq.,ai -weighr, ind only .,vhen computing, the
final veloci ties of sl-ar:s the resulLs of cliffeienl, measnrernents of snecLroo,rams
rvere combined with r,veights proportional l,o l,he rrumbers of lirres nrear',,r.,1.

COI,IPUTATIONS OF OBS]]R\IATIONS
In order l,o have the possibility of recrucl,ions of Lhe obserr.ecl radial

velocities to lhe system of-NIoore'i catalogue there were oJrserved simull,a-
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Iticottsly with programme stars 37 slars rviLh x,ell deterrnined radial velo-
citics_aclopted inMo*ore_'s caLaloguc. The daLa for these sLars arc given in
xabtc I. Tlr,r columns I,-I, ale self--explauatory: inlu aregiven the v"elocities
from M o o r e's cal,alogue; Tr-ru are the results-of our-obseivations as f ollows:
'observed radial velocity, number of measurements of specr,rograms, reduc-
tion to IVI o o r e's catalogue.

The mean value of tlie last for all the stars is f5.94 + 0.b8 km/sec.
The necessity of ascerLaining the origin of this very co*iderable error
{orcecl i,o underLahe Lhe investiqation of-the short camera w-hich rvas described
in the paper rrRadial velocil.iis of 114 starsr).

kn fsec
*28

"24
*20

0
-4
-8

,16

*/2
+8
+4

72" 73 74

o
78 7P80 Bt & 03 84 85 86 87 88 89 90 9/ 92 93 94 gi

4300

Itig. .1. Corrections to normal readings in dependence on tvave-length

Thc de lerminerl corrccLions accorrling to rva ve-lelgtlrs or to readirrgs,uI the normal dispersion are given in the above menli-onerl papcr; in this
pap_et, they are representedly dots and the corresponding curve on the Fig. 1.

It must be remembered that these correcl,ions were-deLermined bv lIbo-
iraiory method rvith an iron arc specl,rum. To reserve the possibility of ad-
justement of the correcl,ions l,o the real condiLions of observations u'as'rvorked

'orrL Lhe follorving rnethotl of test,ing tlre differenL sysLems of comecl.ions to
,ureasured lines rvil,lrorrt nrrrch lahour"of recalculationi in eaclr case. For each
.tleasttrcd line u,ere compuLecl l,he cluantities o7. : If ,lvhere,,is theuumber
,of measulecl lines in those spectl'ograms, wherc the given line I ]rad been
tneasurecl, ancl the snmrring up was perforrnecl f or all-rneasurements of this
linc. The quantities o1 rverc rn u1 Liplietl by I hc corrcsponclinE correcLions

.from the curye) Fig. t (Table IIr). Thc sum of these pioclucts"for all lines
rlividetl by tlie_numher of measured spectrograrns for the star gives the final
,correcLiou to l,he velocit,y of this star.

In Ip are given the values of the compril-ed correcl,ions to Lhe observed
r.elocibies cf i\{o ore's stars; fheir mean vaiue differs from tlie observed one,
in In, only by 0.6 km/sec.

Excluding the sLar a Cancr:i rviLh very discordant measurements (N,hich
l'as done after) u'e gel,for 1,he compul,ecl and oJtserved correcl,ions Lhe values
i6,46 I<rn'sec and f 6,49 lcnryscc.

'fo verify l,hese resul.ts the corrections for each measured line were com-
puLecl, f or all. M o o r e's sl,ars on l,he rvhole. To l,his end the qtrantities 01 \vere
:sltmmecl up for each line separatety, but for all l.he sl,ars; the so computed
:sums \Yere clivicled bv the number oI measurernents oI all spectrograms in the
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rvlrole, viz. N :/t77. 'Ihese cluanLiLies are given in JIr; by rrruliiplyinq

l,hem by corresponding corrections from IIu rve obtained l"hose parLs oi the
systematic reductionsbf our velocities to Mo ore's catalogue rvhich are cl ue

Lo differenl, Iines - IIo. 'lhe surn'of these parts gives the salne genelal rc-
duction, viz. -l-6.55 km/sec.
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An abtempl, has beett macle l,o de<luce tltis coruecLig" lry comparing l,lie
star velocitiei del,errnined from differenl, lines immediately with [he cal,a-
logue velociti.es of the sLars. For Lhis pttl'pose_ were.selecl.ed sorne tb lirx's
the most frequently II)easured; Lhe dal,a for these lines are given.irr tahle
III (in III,: Lhe numbers of measurement,s used). The comp1l"ed l:orrecr-
tions are given in llln arrd lepreserrled by circles in Lhe orrrve, Fig. t. lI.i:
tlently thit the rlispersion of tliffererrL va.l ues of the correcLjorrs so tlelertninetl
corresponds by no rneans t.o their p. e.'s (III,). IL rvas necessary^t.o admit
t[a| tire sLar ivave-lengl,lts as Eiven hV ortr short carnera do no[ fil, in t,he

I. A. U. system. BuL Jf,ilt the'correcLibns so found seemed to indicate thaL
1he curve of correcl,ions musl, be somervhat lotr.eretl in iLs violet, parU conrpa-
rativelv Lo l,he curve deLerminecl by laboral,orv metho_cl. This. tlisplacelllenI
.,ua* .eilized so as Lo reduce Lhe observed velocibies of NIo ore's sl;at's in t,]re

rvhole precisely to Lhe system of Moore's catalogue; it -is represenLetl .i]I
Fig. 1 (riRaclial"VelocitieJ of 114 Sl,arr?) by.Lhe_bran{,_E l"{lfe corresponding'
nrimerical clata are given in II, and II, (1ike II, and IIo.). This operatioli \\Ias

ef{ectecl vcry easily af ter {,rvo l,ria}s rviLh the quanLiti"t! from I I' Flos'ever
N

tinaily as in the case of att./* SLarsu Lhe laboratory dal.a for t,he correctiotr
in question rvere employed.

IlllTEl,lllNATION OIr TLIU \\/,\Vll-I,]INGTH COIIIiIICTI()\S
,\t\l) THE TEi\'IPER:\TUIIE CORRECTION

During Lhe observatiotrs of tJris cal,alogue l,l)e focussing of Lhe carneril
did rrot riemain unchaDged, I;ul. as shift,irrg'of tlie plate-holder has rtevet'
sur,passecl narrow limits"(1:1.0 to 1;1.15 mm)", iL was Lhought po'ssiblea.o u-st'

Llre same met,hocl of compul,aLions of observat,ions as in theiase of <<LL4 Starsu'
In Lhe essenLial tlte computations consisl,ed in: {) Introducing into al}

Lhe measrtrements of M o o r e's stars the correcl,ions from II5 (i. e. laboratory
rtata). 2) Determining by successive approximations from llte reductious
l,o 1\{ o o r.e's cataloguebf Lhe radial velocities of these slars: a) the coeff icienLs
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ol a linerar fornula for t,he t,emperaturc correc[,ion by least, squal'es solul,ion,
anrl b) l,he correcLiol:rs Lo Lhe lvave-lengl,hs.*as resudual terms.

,\s Lhe firsI correclion clepends on specLral type anct Lhis [he more. t,he
less is tlre dispersion of the speclrograph, all M o o r e's st,ars were diviclec[ in1,o
[\yo qroups: R3 l,o A2 - 24 sLars ajrd A5 to F5 - 12 stars. Both Lhese groups
'\\'ere compul,ed separat,ely.

,'\il the specLros'rams were divided inl,o 10 subgroups according l,o l.empc-
.r'a1,trle of l,he speotrograph, thus:

sr:lr!r,Irtls Lirnils ol [,cnrpr]rrLrlr'o tC,n,1,tl;tiiur" Sulrlrloups Lirnil.s ol't,crnIcrrl,Lue lct,ttj\lll:iflu.0

r j :.0 ro 1'1.0 - i,.tI + 1.1 + 4.() -!.2.5:l -l- 4.1l -|.7.0 ,l- 5.i
I l- 7 .1 -FIo. o r rJ.5
i +1r).1 -f 13.0 -.1-11.5

o
oo

6 +13.1 1o +10. 0 -l 1\ .i
, -f 16.1 -l--19.0 +11.iIr -i-19.1 -l-22.() .1.2{).li
1) +21.'l -)-2it.0 -l-:fi .ir

r o l-:r5.1 +:rti.0 +-2(; . 5

'l'he olrserved cf iranLil,ies rviLlr u,hioh Lhe cornputaLions have bet-,u starLed
l'ere [.he clifferences ?,uooro - (ori,,, * 3,.), rvhere 8r. means t]re correcl,ions from
lIr; l,hese differerrces rvere adopLed lvilh equal lveighLs inclependenLly on t,heir
having been measured bv one, two or more measlrrers. This lvas admil,l,ed
orrl.y fol the sake of ahbrevial,ion of the cornpul,ations. Some selectivibv
arnongst, measurers might have been expecLed onty for a felv u,eak lines,
ltLr t. not for the rvhole ternperabure subgroups; buL l,horough inspecLiorr of Lhe
rneasLrrement,s clid not leave any place for doubl, in this respecb.

'l'hese clifferences were disl,ribttted amongs[; differenl, temperaLure sub-
,groups for rvhich were compuLed u,eighl,ed means v,il.h u,eighl,s equal 1,o Lhe
corresponding numbers of specl,rograrns r,viLh the line in quesLion measured.

r.rlroore-(zsi,,, * Bl) : L,u : rt * ! * Loi. - Lo, * Loi.,

rr,lrcre: z and y - Lhe temperaturc coefficienl.s, Ltsi. - Lhe coruecLion of
tlre velocil,y from l,he line wil,h the rvave-lengbh tr, and , - Lhe mean ternpe-
laLrrre f or Lhe given sullgroups.

A. First grou.p ol M oorc's stars

Irr {,his group from I}07 values of Lrs l4lvere discarrletl on accounL of very
greal disagreernenLs, 11 of t,hem baving been of r,r,eighl, 1, and 3 - of
rveigh [ 2.

ln Table IV are given 293 values of Ao disbribuLed according to the lines
measurecl and Lemperal,ure subgroups, in Table V are given t,he corres-
poncling weigh{s. AL llre beginning iLs-as supposed Lha[)Aor.:0 wlrere Lhe
sunrnratiolr is lterformed for all the lines measurecl , for each l.enrperal,ure sub-
group separalely. Mean values of Lhe columns in Tahle IV furnished the
riglrt-lrand terms of observat,ional eqr-iations tr *,!J: Lo. Af Ler Lhe solution
of l,liese eclLlaLions lhe t,emperal,ure correcLions lvere inLroduced in all the
lines of Table IV.

Thc s,eighLeil tneans (the rveighl,s from V) of the resicluals from each line
o[ the Lahle fur:nishecl the correcl,ions Atri. for a[1 the lines measured.
Considering Lhe inaccuracy oj Lhe supposition )Azr :0, the rveighbi.ng u,as
noI perf orrned aL firsl, approximaLion to tlte values of Lvi.

-,,\f ter inlroducirg t,he compuLed values of Azr inLo Ao's (Table IV) the
rurl<rrorvns r, y anrl Ao1 rvere del,ermined in the seconcl approximal,ion lvit,h
all t,he means rveighLecl . The small values of LIie differtnces betrveen l,he
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vallles of. fi) U) and Atr;. found in Lhe fir.qt and second approxirnations
signified the complebion of successive approximations.

Thelastthreelinesin TableIV containthe values ol Lztl in bol"h appro-
xima[ions and the weights 0f them, rvhich are proporlional to the sums of
weights from Table V. I1_VI, and VI, are given tlie values ol Lu in both
approximations; VI" and VIn - probable errors of the result (r) and of one
observatiorr of lveight unil,y (r, ).

To illustrate the preci-slo1 of the measurements in general from the mean
value of r"s iqual to +13.66 kmisec for trvo measur-ers nas calculated bhe

p. e. of ,the measurement of a iine hy rine measurer, viz. !L9.2 km/sec.
Mean value of the p. e.'s of Aor. is f2.84 km/sec, or f0.04 A approxima-
tely.

The Lemperature coefficients tnrned out to be:

lst approx. r: -0.46 + 0.08 lim/sec a:*3.81 + X.07 hm/sec

2nd )) z: - 0.42 + 0.09 )) y : J-3.26 + [.56 ))

In table I,, are given the iinal values of the observed radial velocibies
of tlre slars of I grouf after introduction of the corrections 8r # Azl * Loi
Ir] I.r, are given-the reductions of these velocities to [4oore's catalogue.
Their meari value is +0.34 +0.75 km/sec, i. e. it is weil within its pi. e.
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B, Second group ol M oore's stdrs

On acoount of the small number of obseryations the:subgroups 4.,2 and
3 were rejected at a1l; among other subgroups were distribut"ed ail Observed
values of Ao1, onwhole tgSIData for t"hese-values are given in Tables VII
and VIII (like the stars of the L group). ' ' 'l
3 ttre Crimean Observatory, vol I, part I 33.
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The order of successive approximations was somewhat changed compa-
ratively with the previous Eroup. Into the data of Table VII were intro-
duced temperature corrections with the coefficients r ancl y from the pre-
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15.t)

9.7
6.9

:/ -L'

t+.t,
13 .4

26.5

-J.nars,

+11 .2
+11.6

+19.7
-12\.4
+ 0.5

+i.t

+ 2.4
+N2.3

-x8.8- 6.0
+ 2.5
+21.2
- 8.5
+ 8.1
+ 1.7
+ 8.5
+11.8
+ 1.()
+x5.3
+ 6.8
+ 1.3
+ 8.1
+ 9.6

- 3.1

- 
lttt

+11.9
- 1.7

-26 .0

-14,5+15.8
-13.0_ 2.0
+17.0
+ 6.5
+24.'
- 5.3

-t2.3
1-1,1 .3
+ s.6

- 7.rl
+ 8.2

+ 1.5
+ 4.o
+15.0
+ 3.1
+22.9
+11,.4

- 
1+.4

+ 6.2
Jq..)

+14.7
+13.9

n-n ao. /J
t1.85

,1 .75
1.23

x .08
2.orJ
1. 18
oro

*,

,.s,
3.03
2.45
1.26
r.51

3. 13

N.20

z:o
a oa

2 .17
2.00
q q1

z.oz
3.45
6. 78

3.07
4.46

3.48

t.4i
t.?2

2.13
0,.62
N.26

-18. 5 2.35
+ 6.3 1 .62

-l- 8.5 4.07

- 4.1, 2.44

-*.g zsr.r

-33.9 /+.50
-F 13. 9 2.90

- 0.9 x.69*j' ':

vious group. The absence of considerable changesir^A?I (.11t < 0.2 km/sec)
betweln two approximations permitted to be satisfied rvith one aproxima-
tion to the terirperature coefficients which turned out to be

r: -0.44+0.23 km/seo y : +3.55+4.60 hm/sec
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The values of Azr and Lheir p.e.'s are given in Table IX,col. t-3. For l,his
gronp all the computabions \yere performed wil,h the weights from the table
VIIi.

FINAL RESULTS FOR OBSERVED STARS

As it is seen thc values of. r, y for both groups coincide in the limits of
theirp. e.'s.; the correcbions differ for both groups as it must be expected.
For our work more useful are those values of Aor which have been deter-
rnined from the firstgroup of Moore's stars; so the values of r and y must
be taken as determined from the same group.

In Table X are given those values of-corrections 8i f Azr which have
heen introcluced into measurements of l,he spectrograms of programme stars,
and in Table XI - Lhe temperature correcbions used.

The rather large disagreement betlveen the values of. r f.or this catalogue
and for <r114 Starsrr is to be explained by the focussing of Lhe camera having
been parLiaIJv correcLed in the course of observations for Lhis catalogue while
in that of <<ILL Starsrl it remained absolutely constant.

The comparison of l,hecorrections Aor. determined for the above mentio-
ned catalogues is given in table IX for 16 common lines (the line ). 44L5.12
was rejected on accounl, of poor precision in both cases). In bhe <<tt4 starsu
the spectral lypes are A5 - F4, i. e. practically the same as in this case.
The rnean of Lhe absolul,e values of differences in Azr for these two caba-
logues is6.9 km,sec, i. e.0.1 A. The reliability of the determined correotions
Azr may be corroborated by the fact that l,he systematic error of our velo-
cities is quibe sma1l (see below).

So all the radial vclociLies observed for this work were oorrecLed for
81 f (ef * a) * Azr. , rvhere 81. as cletermined independently by laboratory
methocl may be thought of as an absolute oorrection and nt * y * Aor as
a well grounded interpolabion formula for the reducLion of the observed
velocities to Lhe sysl.emof Moore'scatalogue. For thefuture the correcLions
81 are t,o be determined by laboratory method for differenl, temperatures;
so simulLaneous ohservations of stars with knorvn velocitiesmaybe dispens-
ed rvilh. A1I this on condibiorr l,hal, l,he focussing of the camera wili be
absoluLclY consl'ant' 

.r A B L ll xr

xt ta 
ll

,, +, 
ll | *+u | *t+u

-2.0--x,0
0.0

+r.0
+2.0
F3 .0

-t-4.0
+5.0

+4.1
io./
-l-o.J
+2.8
+2.4
+2.0
-l-[.6
+N.2

-l 6.0
+7.0
-l- 8.0
+9.0

+(0.0
+rx.0
+x2.0
+13.0

-.. 0.7
+0,3
--0.1
-0. 5

-0.9
-7,/t,- 1.8

1-,14.0
+15.0
+06.0
+17.0
-l-[s.0
+(9.0
+20.0
-1- 21 .0

-2.6
-3 .0

-3.9
-4.7
-5. r
-5 .6

+22.0
-l-23.0
-l-24.0
-t25.0
+26.0
+27.0
l-28.0

-6.0*6.tt

-6. B
1q

-7 .7
-8.1
-8. 5

In Table XII are given the final values of the observed radial velocities
for {07 stars. For 16 of these sl,ars the radia} ve}ocities have been admitted
to be variable which makes l4o/o of the total number of the stars observed.
This percentage is smaller than that usually accepted, viz. about 25-3A"/r;
but with so small dispersion as ours one must be more careful in
announcing the variability of a radial velociiy.. The data of the Table XII
are self-eiplanatory; Lhe magnitudes are visual and the spectral types
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1 223
4 269
6 612

t0 891
y a79

16 694
17 330
22 860
26 256
30 466

5.1 JOrl
3r* 719
1r8 864

68 903
7tt 815
75 390
77 986
83 434

89 363
97 938

102 056
x.05 262
{05 388

49 406
66 925

106 224

115 301

115 709
120 448
1,24 586

127 067
128 1181

128 661

130 256

134 85tt

(35 679
139 268

139 609
1110 101
1.41. 070

741 458

1.44 359

145 774
146 010
t50 361

TARI,E XII

6
hm/sec

hnl
0 1i.l

.4 42,

0 40.
1 1.
{ 41 .

I 43.

2 35.5
2 41 .B
; JJ, Z

4 4.1

I

6 .95
?.26
? .02
6.97
6.73

6 .89
1.19
6 .89
6.74
7.21

6.t1
6.81
6. 83

7 .10
6.77

2 .t8
6.94
6.76
7.2?
6. 80

6.62
6.73

6 .98
7.00
?.24

'1 .42

2,18

b. cb
6.75
7.25

6 .95
6 .90
6.97

6 .59

6.78

6.67
6 .86

7 .14
6.97
6.g',)

,'\0
ji8
ll9
It9
BB

B9
B9
B9
B9

Aop

B9
Aop
B9

B9
AO

- 1.3
+18.0

+10.5
I {D 1)

+19.9
- 1.3
+ [0.9
+14.9
+17.2

+13.4
+16.9
Var.

+45.6
- 6.5

- 4.0
+25.4
-10.0+ 1.r
+31.3

+16.s
Var.

-13.2+40.2
- 5.1

Var.

Yar.

- ri.g
+ t.4
-16.1

-16.1'r
- 6.7
Var.

Var.

-13.3

Var.

+ 5.8
--x3.2
-28.0
Var.

Var.

+30.3
-11.2
-21 .9

+36 ;
+23 3
+37 31

+10 21

+26 0

+
IT
+
+

18 23
29 12

28 32
628

,q ,L

5 11.8
514.4
6 40.4

6 43.
B 0.

s 9.41+16 23
8 41.11+ s 50
s 44.61+ 6 56
I o.6l+16 15
9 33.31+20 45

10 {3.61+18 13
1r r0.sl+13 9

11 39.61+29 13
1,2 2.[]+13 33
12 3.ol+31 37

+33 39
+19 30
+18 57

+22 36

+2t 55

]_28 44
+13 18

+3tr 22

-1-22 25
+228

B8
B9
Il9
B9
Il9

AO
r\0

13 13.81+ 4 13
l3 41.41+ 6 50
1,4 9.41+31 40

N2 B.

13 [1.

74 24.
14 3).
14 33.

AO
B9
AO

A2

B9

AO
AO
AO

AO
AO
AO

AO

AO

AO
AO

B9
AO
4.2

AO

AO

B8
A2
AO

lt| 42.01+ 1, 32

1S 7. r)l+ 10 36

15 fl.31+26 I
15 32.11+r5 15

15 34.01+12 36
15 36.81-1-37 21
15 42.01+1u 6

(5 44.11+13 I

(6 0 .41+3tL 27

7.6
8.9

35. 5

16
t6
16

-L28+21 49
+25 25

6. B0

7.02

7 .46
6.58
?.2N

DO

"t
r,,n1J.. I 

s

J-q 1 5

4
5

5

2.,
<D
D

oo
,

6
D

7
7

5
5
5

5

5

5
5
5
6
5

[1

5

3.1
3.1

,

5.
4.

5
5
5

)

5

5

5

6
5
5

6

5

5
5

.,1

lr

J

;)

B

6
l)

5

3.8
I+,6
1..

J.

5.

t.
4.4
I

lsGC {374 A
9GC {422, bt'

pGC xo5, br

Ilange --]- 53.0 -
- 4.6 hm/sec

D.D.O. + 3.4 + 1.6 lirn/sec

Range * 46.0 -
- 44.4 kmlsec

D.D.O.+ (1.2 +3.0 kn'r/sec

D.D.O. - 8.5 + l.5Lln/sec

Rangef8.5--60.6
hnr/sec

Rangef2l+.3--23.6
hrn/ser:

BGC 68s7, br.

Rangef 49.7 - + LL.7
hm/sec

3GC 7002, hr. Ranir-c *
1- 25.8 - - f0.0 littt/sec

Ilange -f- 29.7 - - 4i,.6
hm/sec

Range{21.9--32.0
km/sec

Rangef63.6--79.9
km/sec.

6.1
o.

o.

e
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150 379

r50 525
r54 888
N56 377
[56 547

t6t 270

16[ 573
f61 603
t61 677
[61 817
161 92f,

162 028
165 475

168 131
168 431
168 440

1172 650
173 000
N.73 171,
ti3 921
1)3 952

'J,77 595
't11 599
c,?B 51,2
it79 309
1,79 782

180 316

080 613
184 940

t),Bb 7lt.;t
I86 179

49r 295
t91 855
t1,92 022
,92 684
192 913

:tc2 95tt
r93 325
r95 X02
196 r20
197 562

6. 86

b. /D
7,t9
6.92
7.06

6.25

b. o+
7.04
1qq

? .46

6.66
7.t9
6. 93
6.87
b.btl

/.J;)
7 .05

7 .02
6.93
).JIT

6.7 I+

6.84
7 .'.12
6.66
?.49

1 .05
6.84
6.97
6. 84
6. B0

G.69

6.75
6.98

7.11,
6.74

1 n.)

6.72
? .10
6.71
6 .69

/.oa
J.O)
6.88
6 .62
6.78

h ml o t

16 35.61+ 4 24

16 36.s1+ 5 4

17 3. f, l+35 27
17 12.11+xR I
07 13.11+26 0

fi 3e.51+ 2 37

073e.6l+287
17 40.61+33 17
17 4N.01+ 5 57
17.t.r.21+ 5 44

1,7 4N.21+ 5 35
o? 41.41+ 5 42
17 4t.81+ 5 49
N7 42.61+25 48
N7 43.21+N8 56

fi n.Bl+ 5 4L
(l8 1.11+12 o

o8 13.21+1r 51

f,8 f,4.51+12 9
18 14.61+12 30

18 36.:ll+26 2
x8 3s.tl-{-15 6
r8 3s.el+[e 22
18 42.91+16 48
18 43.'l+13 20

,{9 0.31+27 10
1e o.3l+[5 25
19 3.81+N2 57
19 7.ol+ze tgle 8.81+36 (6

1e ll.olt-27 46

x9 12. 
' 
l+31 tt

le 31.71+34 28

[e 35.61+30 (1
le 37.sI+27 e

20 a.tl+tr rn
20 6.91+30 29
20 ?.?l+26 36
20 ( 1.01+32 33
20 12.31+27 2s

zo rz.cl+rs:e
20 14.61+20 s
20 24.21+33 33
20 30.21 +34 20
20 3e.1|+23 26

I

I

I

{61 289
tr61 46tt

"161 
542

t1.67 to72

l.

AO

A(]
AO
ll9
B9

AO

AO
B8
AO
B8

BB
B9
B8
AO
AO

B9
AO

BB
B8
B8

B9
AO
I39
B8
B9

B9
;\0
B8
Il9
AO

B8

B8
B9

B9
B8

Il9
lr9
Il8
B9
Aop

B9
B9
B9
B8
AO

T A B L Ii XII \Co1'Ltinued)

.l 6r 
I 
t-i"".

Var.

,r) c

- 29.5

- 09.3

7.2

- 26.4

-360.7
- 22.6

6.5
Var.

o.o

7.6

_ LL,1
5.6

- 2L.6
,q

-r 3.1

- [8.4
9.0
2.{,

- 18.3

- 01.5

Var.

+ 8.7
Var.

- 78.tt

- 24.2

+ 9.7
o9

- N0.7

- 16.5
+ 2.0

+ 16.0
-- 38.9

9.1

- 28.1

- 33.5]

r o.l-t--- ls.7
-l- 1.6
+ 0.3

c'7

L'

I Ioscc

5

c
i)
6
5

D

6
5
8

6

l)

5
t)

6

B

8

5
5
l)

)
5

5
5

5
5
i)
6
tl

5

5
6

5
I)

:)

6
5
5
b

o
L

4.1
J.

I

2.4
t.
4.1

,r:

o.
t.
6.4
4.

)

2.7
2.

4.4
5.
J.

3.1
TL.

'.1.1

I
,!

2
6
2

5
l'r

5
4
5

'D
4.3

pGC 7711, f.lloore - 30
t I km/sec.

pCC 8136, hr. Range
l--0.9--46.2 km/sec.

pGC 8136, f.

\ Orru clusler NGCI 4ooJl

I On.,, clusler NGCt 4065J'

Open cluster NGCI 4665
gGC 8348, Lrr' Range' 

1rrl'.5 - - 38.4 ltm/sec.

D.D.O. - 7.9 + 3.0 hm/soc

pGC 8755, br.

Range{20.6--40.(
km/sec.

Rarrge -l- 31.0 - - 60.8
km/sec.

pGC e535

Nloore-[5f 2 km/sec.

pCiC 10338, br.
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TABLI,XTI \Contiru"ted)

h

.l
m

.l,l .

tl, .

6.
9.

QO

40.

4\.
{1.
71 .

,l ^t
rr.rt.. 

lrr. l', 'l

p(}C X0i95, lir.

oGC 1120s, f.
iiang.e -f- 4t\.9 - - 44.'J

km/sec.

Range f 41 - 14 km/scc

D.D.O. -24.1. t 1..0
km/sec.

Itangef48.2--i'1.t+
l<rn/sec.

D.D.O. + 0.1 + 1.6 lim/sec

0GC12201A+B
D.D.O-5.2+5.i]
lr rn/ser'.

IIoole-S imcis

- 17.0 krn/sec

+ 5.4

- 4.1:

- 4.9

,l
5t
trlt

sl
^tol

I

3l

I

1i

*2'c tA
+20 33
+22 3

+33 18

+11 16

+37 51

+26 31

+32 20

+N.1 t5
+22 24

[98 184
200 930
201 b71
202 198
205 it6

206 807
206 991

207 469
,)tL 30tL

211 433

21t 733

215 955
2r3 154

278 tl,r.t'r^

218 428

21,9 767

219 36L

22 14.

22 43.
23 0.

+ 9.7
-- 6.8

- 6,!t
-l- 12.3

-'17 .i
\,'ar.

- 8.3
-l- 5.6
\/a r'.

-29.1
f 8.lr
Var.

l- 11 .9
'7 it,l

j- 0.1

204
t7
21
2t
21. 3

21 3

21 4

2t4
22 I
227

7 .00
6 .66
6.94
7.09
7 .20

6.q'.)
7.18

6.79
7.04
6.80

6.91

? .26
7 .01

6. S1

6.89

B9
B9
A0
JJ IJ

AO

+5.
,
4.
3.1.

'l

5
6
5
E

6

d
b

6
4
8

5

6

7
I
8

2it

+15 45

+30 24
+24 7

+14 25

129 31

+31 51

,, ,, ,i t27 32

0.6
2.9

5.5

AO
ts9

AO
B9
-r\0

AO

119
AO

AO
I39

B9

,\0

D 
'I

;.,1

,rl
,.ul

3.31
f,.11

6.01

6.9ir + 2.6

1\[oore-Simcis
f 7,8 hm/sec H. D. 192913

- 3.0 211733

+ 3.5 218128

- 1.1 21876'j

are those of H.D.; in the column 8 are given the numbers of spectrograrns
measlll'ed. In the remarhs pGCs ignifies B ur n h a m's General catalog:ue of
Double Stars, etc.; Moore - J. H. [4oore, GeneralCatalogue of the Ra-
dial Velocities of Stars, etc.; D.D.O. - Publications of the David Dunlap
Observatory, UniversiLy of Toronto, VoI. I, Nr. 3. (2). For 9t stars with adop-
ted cons l,an l. velocities t,he mean value of p. e's is _[3.57 hm/sec and the nurnber
of spectrograms per si,ar is 5.3. For the catalogue D.D.O. corresponding
rlata are +2.85 km/sec and 5.8 (for l,he sl,ars 88 - A0). The lower preci-
sion of the present, caLalogue may be explained by the small clispersion of
our specbrograph: T5Almrn instead of 33-66 Armm for D.D.O.

S YSTE\{ATIC CORRECTI ON

Amongst the observed stars there are ts,o stars in cornmon lvil-h N{ o o r e's
catalogue and seven stars - rvil,h that of D.D.O. Using the table of re-
duction of D.D.O. velocities to M o o r e's catalogue the recluct,ions of
our velocities to the same are as follolvs:

H. D. 68903
r05388
150379

16843 1

Velocity of the H.D.97938 was adoptcd by us to be variable.
Excluding the star H.D.1929tll with a lrery large deviation the sysle-

maLic correction to our velocities turns out t,o be

N'Ioore - Sirneis + 0,44 + 1,51 knr'sec (7 stars)

rf -I



The distribution of the observed sl,ars on the celestial sphere is far from
being uniform: angular distances from the solar apex for 80o/o of them are
less than 90o, and r/, of them are situated west of ib.
. BuL taking into accollnL the parallactic motion and the effect of galact,ic

rotal,ion, the /{-term may be determined and so some information about the
systematic error of our velocities may be gained. To this end the necessary
,data have been usecl as follorvs:

t) The solar apex and solar motion after Smart and Green (3) cro:
:267".0,80 :-l-32'.0; IJ :19.5 ]<m/sec.

2) The galactic centre according to Shapley G,,:327o, gr:0".
3) The consl,anl, of galacl.ic rotation A :0.0L7 km/sec.
4) The distances of stars according to Tr u m p Ie r's mean absolute magni-

'Ludes, viz.

To oalculate the distances from absolute magnitudes the galactic ab-
sorbtion ought to be taken into account. For our"stars the me"an distance
is 1:.-200 parsecs, for whichthe total visual absorbtion is 0*.1, according
!o_P C, K e e q a n (4), with the corresponding oomeotion to the K-term about
O.7*km/seo. We have neglected it.

From the whole of stars with adopted constant radial velocities were
excluded 6 stars belonging to galactic clusler NGCI 4665 and a star with
high velocity - HD 'l,6LBl7. The remaining 84 stars were used to deter-
mine the K-term from the equation:

p : U cos tr --{- r.4 sin 2 (G - G) coszg { K*p' * r,

where p and p' - observed and peculiar radial velooities, e - aooidental
€rror of the observed p. With the usual assumption concerning the aociden-
tal nature of p, the.I(-term is deduced from tie formula:

K : + )l t1l - Tcos),. - r Asin 2 (G-Gr) cossgl,N IJ"
where /[ is the number of stars used.

In Table XIII are given the values of. K * p' * e and p' f e for the
stars used. The value of the K-term turned out to be

K : +3.10+1.06 km/sec.

The p. e. of one observed value of the K-term is +,9.73 km/sec.
In the paper by Smart and Green (3) there are given values of the K-

term for the whole spectral classes only:

K:*4.68 krn/sec

> +0.03 >

faLing inbo account the specl,ral classifical,ion of the observed stars
(RB-L70A, B9-42o/o, A0-39%, A2-2%) it may be concltLded that our
value of the K-term differs from that of S m a r t and G r e e n less than our p. e.

It is true that the selection of stars with respect to magnitudes is nob
idenlical in bot li cases : in the papel hy S rn a r L and G r e e rr arie used the sLars
of S chle siriger's catalogue, all of them brighter than 6"'.5, rvhereas inour
case they are fainter lhan-this limit. There [as been expressed an opinion

,39

1nB8 M:-0.2
Be + 0.3

BO-89

AO-A9

mA0 M:+0.e
A2 * t,7
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.lllltrilrlro;rsvl + 1.21- r.oll rorczrl - R.c l-rr.;ll rsrcsl 1 24.61j-21.
115lrrcl a rr.7 - 2.4lll0Bl3tl- ;. rl+ q.ull1e3325l _ze.ql_n.
1204481 +11.:,1+ s.zllr0srurl r 4.il 1-1- o.cllro;rozi -f. J.i l+ tr.
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that the value of the /(-term clecreases s'iLh apparent brip.hl,ness of stars as
far as 0.0 krn'sec (5), (6). But more-recenL investigatidns (7), (B) clo nor,
corroborate this opinion pointing ouL lhe most proba6le value'of tt e /(-termof the order 3.6 Lo 4.2 km,'sec (flir o - 87 stars) (g). The same results seemto be received from the simull,aneous cleterminations of the K-term ancl
, A to, clifferenb intensities of the Ca II interstellar lines (10). The resulting
clecrease of the ff-Lerm wiLh eightfold inffement of 7,q is in irsp. e.'s.
. Th"fg lle v_ery ferv deLerrninal,ions of the /(-Lerm for spectral subdivi-

sions 88 89; in one of the most recenr, rvorks (B) l,hese siars are exclu-
ded from discu.ssion, a-ll,hough jusl, l,hese sLars are very interestinq because
of the_ rapid de-ql-ine 

-of 
l,he val"ue of the 1(-Ierm f or these spectrai subfivisions.

For the stars BB-BS l,here is a determination of the /i-term by Linclbl,a cl
(71), viz. K : +2.8 kmlsec rvith simullaneous determination of the motion
of the sun u =21.8 km/sec whichcliflers frorn tha[ of smar l,and Green.

SOME STATISTICAL CHARACTERISTICS OF THE OBSERVED.RADIAL VELOCITIES

Allowing the distribution of b' + " to be Gaussian from the formula
hr :0.476 rvith r : a9.73 kmisec we obtain the value of the module_

h : 0.4902, using whioh from the relation Ffj- : -J,:the meair of ab-rr | -r hy';'
solute values of p' + e turns out to be 161.1 :1,L.5 km/sec. Direct
qqmputation from the Table xllf giyel for this quantity 10.8g km/sec.
This disagreement may be explained by the distiibutio; of p, f e not
oerrlg strlcily uaussran.
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That this is the case may be seetr froln lhe foliowing table:

t^t t ^1 Nun'bcl of slirls
lP -r cl
(km/sec) Colntt. Olrserr,.

l^/ r -tll' | "l
(knl/sec)

25 . 1-30. 0

30.1--35.0
35. 1-40.0
h0.1,-45.0

Number of sters

Comp, Observ.

0.0- 5.0 23
5. 1-10.0 20

10.1-15.0 16
15.1-20.0 11
20.1-25.0 7

30
17
'1)
L)

6

4

1

1

t

+
2

1

0

As has been pointed out above the mean value of the p. e.'s of our ve-
Iocities is +3.57 km/sec. The rnean random radial velocity for the ohserved
stars - ffi is to be caloulated 

. 
from the relation

9.732 : az { 3.572:, ipT:1.189 a; ip,l :1.0.74" kmisec

For the sake of comparisonfollowingresults may be cited: G yl 1e n b e r g
has given for this quantity the values (12):

B0 stars 7 .0 km/sec
,\0 ) . 11 .7 l>

F0 ) . . l4.L ))

From these data the values of lo,l mav be computed as a weighted mean
for specbral classes of our sLars; iI, ir tp,t : 1"7.35 which differs quite little
from ours.

GALACTIC CLUSTtrR NGC I 4665

Radial velocities ,rn otr.rrr"d for 6 sLars of this cluster, the mean of
rvhich is -16.1*3.4 km/sec. With the normal absolute magnitudes of
sbars the distance l,o l,his clusl,erLurns out to be 253 parsecs, which is verv
near to the mean of tlvo esbimates based on two assumpl,ions for,the abso-
lul,e magnibude of the fifth star in this cluster (1.3), viz.200 and 300 par-
secs. Correcting the observed raclial velocibies for the parallactic moLion
( -17.4 km/sec) and galactic rotation ( +3.2 km/sec) the <rpeculiarr> radial
velocil,y of bhe cluster. is obtained, viz.-1.9-f3.4 km,isec. The mean ran-
dom radial velocity of stars of this clusler is 9.0 km/sec. Considering Lhe
small number of the obselved stars in this cluster only a rough appioxi-
mation may be gained to the mean space-r.elocity of Lhe stars in question,
viz.,S :18.0 km/sec and Lo the rnean tangenlial velocityT : lAl kmlsec.

HIGH VELOCITY STAR HD 161817

This star is an outstanding represental,ive of its class not only because
of great veloci1,y, but also on accounb of its early spectral type. No data
has been found in the literature about the parallax and proper motion of
this star. Allowing for the parallactic motion ( -19.3 knilsec) and the
effect of galactic rotation (+Z.l kmTsec), the radial velocity of this sbar
refered to the centroid of near stars is -344+3.8 kmisec. As the daLa
for parallax -and proper mol,ion are lacking, only a rough approximation to
1,he space-velooity may be computed by-supposing t[e direction of the
lasI to coincide with observecl radial velocitli, narnely, G : L97",
g : -24"; V : 344 km./sec. So the direciion of motion seems to be usual
for high velocity sl,ars.
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PAAr,{AJIbHbrE CLOPOCTT4 {07 BB-A0 38E3A

B. A. AJIbE14 IIK14Itr

B crarre rraJrolrieFrbr o6pa6orxa r{ onoHqareJrr,Hbre peByJrr,raTrr Ha6ilro-
.EeHlrr,i paAr,raJrr,Hr,rx cnopocrell gra 107 aneag clenrpajrbr{brx rr,rrroB BB-A0,
R npegeJrax ffpnocrr,r 6.6-7.3 Br,rB. BeJr. co cr{JroHeHr,r.flMrr or 0o [o +40'.
Ha6trogenlrfi npor,raBoAlurr,rcs c Hopornor,l Haueporl oAHonpr,rBNroBoro clexrpo-
rpa{a Cnuer,racHoit o6cepnaropur,r, Aaroueit [r.rcnepclrrc 75 A ua mm y HT.

Merog o6pa6orxlr rasrreper.ruft cler(Tporpar{M aHairor.r,rqeH Merogy, prB-

Jroffier{HoMy B Haueft pa6ore {rPagr,ram,urre cnopocrr.r 174 aaeagt>, c roft paa-
Hr{rleii, rrro B ro BpeMr{ nar{ B nocregHer,i pa6ore xoa${ir,rqueur6.r reMfiepa-
rypHoft rrolpaBHrr 6rrun nrrne4eHr,r rpaq)r,rqecHlr, B uac:ronu1er,l pa6ore 6r,rno
rrpr,rMelreHo pe[reHr{e ycJroBr{r,rx ypanuerurit [o cnoco6y Har{MeHbIrIr{x HBaA-
paToB. floupannr,r ?ne AJrr,rH BoJrrr BDeBAT*,ri< nraur'rr,l rroryqg116, fiaH ocraroqubre
at Jle II6t

flplrncue nnbre npr,r peAynqr{rr Ha6rIoAeHr,rr:l rrporpaMMHI;Ix BBeBA rro-
rrpaBxr,r 6rrrr,r oupe4eJreubr rro onopHBIM BBeBI{aM cneltrpaJrr,Hr,Ix rrrrroB B3-A0.
Teuneparypuarr rrolpaBHa r{r\(eer BrrA:

Lo1 : -0.42 
.t +3.26 krn/sec,

(+0.0e) (+ 1.5{i)

a IToIIpaBHtr AJrrrrr BoJrrr BBesAIIbIx ;tr,rulrft Azrr. IIpr,reeAeHLI B ra6llrqe VI,
r4 lrx Bepoflrur,re orun6nrr - B VIIu. ISna.u,ITe;rrLHoe orJII,IqI,Ie rtoerltflrqr,reura
uprr t B Ao1 or ranoBoro ?Ite B npeALIAyIIIeft pa6ote (<r114 aneagrl) o6trcnnerca
'reM, rrro [pu Ha6rroAeHr4flx AJrfl Hacro-frrqef,{ pa6orbr {oxyclrpoexa HaMephl
rroABeprJracb rracrrrrrHor,i HoppexurpoBxe) B To BpeMrI rtal{ B npe4rtgyulefi
pa6ore oHa ocraBaJracb I{er{BMeHHor,1. Cpe4uee sHaqeuue BeporrrHblx onrr,r6on

AJrn Az1 panuo .L2.84 km/sec- +0.04 A.
OnoH.rareJrr,Hbre BHarreHufl [oJryqeHHblx paArraJrr'HErx cHopocrer,i nprrBe-

leHr,r B Ta6ruqe XII sMecre c rrx BepoflTnr,rlur ourr'r6r(aMrl; lne 16 aBeB[ c rle-
peMeHHr,rMr,r paArraJrbHr,rMrr cHopocrfiMlI rrprrBegeusr ua6nrc[eHHbIe rrpe[eJrL'I
r.rx r{BMeHeHurt. Cpe4uee BHaqeHI,Ie nepoar:lror,l ourlr6xr,r onourrarerr,Hof,{ cno-
pocrr4 paBHo 5.57 km/sec. npl,r cpeAHeM qrlcJre cneHrpol.parunt 5.3. Clrcreua-
rr,rqecHoe Irpr{BeAeHr,re n cr{creMe HaraJrora NI o o r e',a onpeAeirelrHljlx paArraJr},-
rrbrx c$opoorert [oiryqerro uB cpaeneurtli c onpeAeJrcIrHt;IMrI panee B rrHEIx
Mecrax pagr{aJrr,Hr,n\rr{ cnopocr.flMl{ 7 aneag, a rlMelrrro: N{ o o r'e - Clluelra
+0.44*1.51 km/sec. B uacrosulelt pa6ote Brre,pBble 6r,rna na6lloAeua pa-

,r(uaJrbHafl cnopocrr, <<6rrcrpor,1r) sBesALr HD t61Bt7, paBI{afi -360 km/sec,
TorrHo Tan lne BrrepBbre 6r,rnr,r olpe4cfieHbl paAlraJrrrlllre cnopocrr,r Ara 6 aneag
orKpr,Iroro BBe3AIroIo cnorIrIeI{I,IrI NGC I 4665.
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A LIST OF RADIAL YBLOCITIES OF {3l STARS }'AINTER TIIAN 6, 75

G. S ILIJ N

In the pr.esenl paper are Biven lhe results of obsen,ations of radial velocities of [31
stars faintei than 6.75. A thorough investigation of the system of wave-lengths broughl,
out a dependence of the corrections to the rad.ial r,elocities for individual lines upon
warre-lenfths, an eifect connected with the shape of the focal curve of the short camera
used. A serious systematic error of seasonal character arising from the smallest de-
viation frorn the true focus turned out, to be the rnost characteristic feature of our obser-
vations. The account for [he svstematic error in ques[ion allorved at last to reduce the
prelirninary value of lhe rnean arithrnel,ic antl algeirraic clifference Moore-Simeis for 29
standarcl slarsfrorn *4.2 and -f3.2 to f2.'1 ancl *f0.3respectively. Alairelimination of
the systemaLic er.ror is tested by the very small value of tlie .I(-term. The velocity of solar
motion ancl the /f-terrn as derived from our small obselvational material turned out to be
Vg - t5.2!0.5, 1r -. -0.6+0.3.- The pi.obabte error of a qtectrograrn anrl a slar is l-6.2 and't2.5 respectively. The
probable -error 

as deriverl lrorn the cornparison of few comrnon stars observed at Simeis
and the David Dunlap Observatory turns out 1o be abouL *3.0 lrmfsec.

Among i,he observed stars there are found three douhtless and Lrvo suspected neu'
s1:ecLroscopic binaries.

INTRODUCTION

The present lisl, inclucles tllt sl-ars mainly of tvpe R3-A0 fainter than
6.75 and 29 standard and other brighter sbars. While the first list of 343
sl,ars ('1) rvas observed rvil,h a long oamera, rve used in Lhe present worl<
a shorl, one (f :290 mm) giving a dispersion 75 A per mm alr H. We hoped
Lhat since at least f or the lralf of the whole number of the stars of type B3-A0
the specl"rai iines are wide and nebulous the trvo-fold reducLion of the dis-
persion as compared wil,h the long camera (f : 560) lvould not affect con-
siderably Lhe accufacy.

The short carnera mucl] concedes the long one especially rn'ith regard to
t,he focal curye. In the case of the long camera the spectrum mav bs obtai-
ned in the best focus rviLhin 3900-4600, the devia{,ions being withiu
+0.05 mm. The f ocal curve of the short oamera is reprcsenl,ecl on Fig. L Tho
ordinates are the focus selbings. The difference in the focus for 4200-4600
reaches aboub 0.30 mm. Even for /+400 Lhe bad focus becomes perceptible.
The inclination x,as sclected such as to bring in the best focus the portion
of the specl,rrlm from3950to 4350. When rotaLing LIte camera b5r {$Q qri16-
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out chang'e of Lhe inclinal-ion orre obl-ains in fair focus Lhe region from
4500 to z*850.

The proceclure of rreasurements of Lhe speclrograms and the methocl
of reduc[ion is L]re same as clescriliecl in detail in the preceding paper. The
interpolation formula lr,as obl,ained in l,he usual'manner from the rneasure-
tnelLs of iron spectra on ten plates. The corrstants are as follorvs

X' : 148.2558 --
[ 5.r 01 3 i30]

),+A),-2169.23t*

_ 0228 0922 4t02 4496 4957

/4.00

t3 80

/3 60

t3.40

/3 20

/3.00

79 en e9 94 09 t04

Itig. l.The local curve of the short camera. The abscissae are micrometer reaclings
(bottom) and wave-length (top). The ordinates are Iocal sefl,ings in mm.

Beiorv are given the micromel,er reaclings for

74

), (I. A.) Computed O - C
(4x.0r.001)

iron lines

A ), (Smoothed)

:|8(15.5:J
3922.9 I

3977.7it
tt021 .87
4076.61
4101 .rt9
41 1B . 5:r
4l9l . t\!+

4210.3tt
4233.6'|
4282 41
4315 . (i9
ut3? .oit
4375.93
LLzi .31
tn47 .i9
Ltr9\,it?

iij. ti()5
lo.:4,1
78 -42ti
80. 090
82. 048
83. 102
83.4i2
85. 807
86.3tlIr
s7.083
88.49:l
89.4(|ir
90.00I
91.027
92.329
q.l Rrq
93.9/10

+1

+2
_D

0
0

+r
0

+1
0

-1_)_,

+t
0

+1

3850 
-0.0 7 ,\

3900 -53950 *3
4000 -14050 0
4100 0
4150 +142{10 +1
42110 +t4300 0
4350 -14400 *2
44it0 -4/1500 -6

STELLAR WAVE.I,ENGTHS

For t,he stellar wave-lengths of BB-A0 types we have used the values
siven in the Transacbions of L A. U. IV, 188, 1932. The effect of blends
is hy no means negligible, partly in conlection with the fact thab many
stars classified irr the HDC as A0 are really of somer'vhaL later type (A2.
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km

A3). AtlJiougli the dispersion usod is abouL Lu'iue as srnall as tiial, given
in I. A. U, it seemed besl, to use the publisheci values.

The measurements of our spectrograms brougirI or-rL a peculiririLy vhic]i
callerl al,l,enl,ion al, once: name.l.y t,he raclial velociLies of Lhe lines t.o the red
from l+315 appeared to be sysl,emal,ically differenl, from those irr the violel-
portion of fhe spectrum. To bring the former in agrei:menL rvith Lhe other
parL of the specLrum a consideraltle positive correcl,ion is afforded, espe-
ciallv for the lines 4L7L and 448L. This shows l,hat in bhe case of l,he short
camera thele is antLrgenl,need Lo invesLigaLe the rvave-lengLhs of individuni

4000 4/00 4200 4J00 4400 4500

Fig. 2. Tha clots anrl the open circles are the residuals for the intlividual lines
" (velocity of th-e stanctard star minus velocity of a line)'

iines. The deviations in quesl,ion might be connecLed parLly-with the blends
and especiatly with the 

-peculiarit-v of the focal curYe. The-adopted pro-
cedure-was the same as in the cor,rse of the invesLig'ation of the same ques-

lion in our preccding rvorl< (2). Noarly f or al! Sooa speclrograms of lhe
lrrighlcr sLari the dev"jat,ions Ior the individrral lincs lrom the stars velocity
hat'e been computed. However the accuracy of .measurements is lorv and
only rvhen the number of spectrograms is sufficie_nLly high one can obtain
a Lrusl,worthy systematic correctio"n for individLral lines. For seldorn ocotlr-
ring lines th"e accuracy of the clerived correcLions is about *1.5 km.

ihe systematic resitluals for the individLral lines (velo^ciry of the slar
minus veiocity of the line in question) are plotted in Fig.._2. Il, is 1,rue, thc
dispersion is "considerable, bul rve thinh that for many lines the residuals
are real. Besides, Lhere is manifesLed a dependence of l,he residuals upon
lhe wave-lengtli. Ib is evidenl, lhab the measttred velocil,y of {,he star requires
in the meari a positive correction, especially if the r:adial _vel-ocity,__as
Lhis occurs not seldom for A type st,ars, is based mainly on the lines H,
and 448L.

In our preceding analogous invesl,igation relating to tlie long c-apgra
we have found thal, the cbrrecl-ion for many lines reaches several kilo-
meters, sometimes t0 and more. Though we have norv used the corrected wave-
lensLhs, buf because of t,he differenc6 in dispersion many individual lines
aEaln necd correcLiorrs.'flre lasl, cjrcumslarrcc causing a 'lispersiorr of dols
ifr nig.2 obsoures thc dependence oI llro rcsi,lrrals on rvave-lortgtli. lt is o[
impoitance to emphasize the last poinl,. For l,his purpose in order to smooth
the dispersion of dobs on Fig.2 (mosl,ly due to real systematic corrections
for individual lines) we com"bined the latlel ilr groups, and plottecl on the
same Fig. 2 the corresponding mean valucs oI the residuals 

^(o^pen 
circles).

At last,-apart from sonie exc-epLions (the maximllm one is 4383, for which
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the coruection turns oul. to be -21 km), \ve may in g:nera} neglect, the
individual corrections for the lines as they are brbught"out in thE disper-
sion of dots in Fig. 2 and use orrlv the correitions deperirting on .,vave-lengths.
Using the curve drarvn in Fig.2 a table of correctlonr.uir clerivecl . BisinE
uporr the latter, all the obse"rvational material lvas re-cliscussetl anew. Ifi
so doing rn'e oltained a considerable improvement rvith respect to the acci-
clental as rvell as to the. systematic errbr. Namely the p.elimina.y values
f ound f or the mean arithmetical ancl algebraic residuali (M o o r e-Simeis)
for 29 stars with well known velocities tl"ere &.2 and f3.2'km, rvhile after
the corrections in question lvere added, these residuals becaine 3.6 and
f 1._3 km, respectively (see <<Standard Stars>).

confronling Fig. I and 2 \ve come to the conclusion that the mean cor-
rections derivecl frorn the curve of Fig. 2 follorv very rvell the focal curve.
The- su^ggestion therefore arises that ihe corrections are clue to the shape
of tlre focal cuve. For instance, the frequently occurring lines H1 and,44iL
require corrections f 5.5 and f 12 km-, wLiie for the ileviations from the
true focus we have for these lines nearly 0.0g and 0.20 nim respectively.
Our experimenl, on the influence of the char.Ee of focus upon raclial veloci-
ties (see bel-ow), shows that an increase of f odus by 0.3 mm procluces a clis-
placemeal,of_lines \v L7.t{2.7 km, and thereforeior H, arrr t47L rve musl.
have 5.1 and L7.4 krn. respecbively. This is in the besb asreement r,vith the
values found for the mean residuals clerived from our -eirrre-",rts of nu-
merous- spectrograms of the hrighter st,ars. There renrains no cloubt, there-
lore,. Lhab the. dcpendence of llre corrections orr waye-IengLh as hrouglrb
ouL in.Fig.2 is a pure effect, of the shapc of -Llrc focal curvi (Fig. 1y. fhe
effect in quesl,ion is very consiclerable an,l the error in focus nir 0.'t mm
corresponcls to an error in Lhe raclial velocities equal to about 6 km. If the
focus is not freq_uenLlv_conLrolled or controlled nol, accural,ely enough, the
above menlionecl sensil,ivity.of_ l,he measured raclial velocitiesio the"change
of focus may produtce a sensible systematic error and a general decrease "of

the accuracy of obserr.ations.

SYSTtr},IATI C ]]IiROIT

^,^In l,he,chapter on l"he.svsLemat,ic-error- in tire preceding cal,aloguc of
343 sLars (3) serious atLention rvas paid to the question of the"c,ffecb oT tem-
perature, of Lhe focus a. o. Especially it rvas sugqestetl l,hal, the clevial,ion
from true focus influences the results. Iu aclclition, a seasonal change of
t,he sysl,ematic error was suggestetl there. Frorn Ln,o acoordant sel,s oi ob-
servaLions it u'as foutrd Lherri Lhat lhe displacement of the focus near il.s
norrnal se!L1ng from -0.2 l,o f 0.4 mm makes t,he velocil,y more posi-
tive-by +7.8+1,..2 l<m. Tire suggesLion rvas made thab this is probably due
to the uneven distribuLion of lighl, r,vithin the spectral lines, mainly the
iron emission ones of the comparison spectrum. This effecb of focus setling
r'vas previously found for l,he long camera'(l : 560), and therefore it muib
be expected_to be still greal,er fol the short camera of the same spectrograph
(f -:290.),_In fac-1, Lhe measurements of an analogous series of sblar sfectra
taken with the short,camera brought out a consi?erable positive displace-
ment of the. specl,ral lines rn'ith the increasing focus (Lhe focus incieases
rn'iLh decreasing temperature).

When reducing Lrvo sebs of observations tal<en with the long and shori
carnera Lo the sarne value of displacement of the focus rve findl

fndrease of.focus

by 0.3 mm

Change in the radial velocity

Camera 560 Camera 290
+3.et 0.7 +17.1 12.?
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This shows, how carefulllr ths focus must be controlled. It is probably ne-
oessary to conbrol the focus every night hy the modified H a r b m a n n,s
method rvhen hy mere inspecbion of a-specLrogram the focus may be deter-
minecl with accuracy of about 0.05 mm. Unfortunately no sufficient atterr-
tion was paitl to tliis point. In facb, the focusr,vas controllecl once or trn,ice
per trvo months, sometimes more often. Horvever, uo larqe variations in
focrrs setling \yere found (mostly 13.05, the limils hein[ 13.00-1.3.Lb).
Ib is true, the focus was not controlled al, the extreme teinperatures. But,
it seemecl to be probab]e that the focus underlvent to uncontrollecl siorv

ri,0

+6

,4

^4

.B t/0

ta

U_g. 3, The colrections to the raclial velocities in clependence on the temperature.
The circles, crosses and dots relate to the observations of Xg32-33, X934-37 and

1932-3? respectively. The iou'er curve relates to tire seconcl half of 1938.

changes. It was sl,riking tliab the great deviations in the observed radiai
velocities occurred mostly in the obldest and rvarmest nights. This \vas
ospecially brouelrt or"rt when searching for tlre seasonal systemaLic error
as ib was suggesl,ed in our preceding iLudy 14;.

Our oltservalions of BB-A0 stars were raLher rrnevenly distrihuted ovcr
a period of atrrou{, six years (1932-1938). The majority of observations has
been made in 1932-33. In 1934 the oltservations $/ere }ess numerous,
and in 1935-36 only sporadic. Some observations rvere made for control
irr 1937-38. Ilaving in vicw the ineviLability of a svsLernaLic error, espc-
cially in our case, we obtairred also for conbrol during the course of observa-
l,ions more than 300 spectrograms of 33 stars u,ith well known veloci-
l,ies, in -the mean about one specl,rogram per observation night (Tab1e 1).
A cletailed cliscussion of the measured radial vel.ocities of all these stars
Ieads l,o the f oilolving conclusions:
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1) Ihe periocl from NIav 1932 Lo Lire encl ol Ar-rgusl, {933 niay be con-
sirlercd as homogeneouq-r,itir respecl, to l,he dependence of l,he systernatic
er'r'ol'o11 ternperatttre. The resulLs are representecl in Fig. 3 (circles are the
correcLions to radial velocilies corresponcling Lo a te,rnperature interval
cl 2"). A dependence of tltese correcl,ions upon tlie temperature is clear}5,
manifested, the totai amplitude for the temperature iriterval from 0 L;
25o reaching about 14.5 km.

. ?) fo bring the obseryations of tg34 (Nlarch - Julv) in agreement
rtj llr tlre prelinrirrary reducLion curvc f or 1932-113 Ltrc f ollorvj rrs "corisLalt
con'ections are to be previously added: Nlarch -2, April -Ii tr,rtay 1t
ancl June - July f2 km.

;l) In t935-li6 the observaLions are so ferv thal, the svstematic error
coLrkl not be controllecl. ]Iorver.er in l\,[arch 1936 a large sysl,emal,ic error
rt-as manifested. Namely at ilris tirne one of Lhe prisms"of iotal inner re-
fle.cl,ion on the rvay of the lighl, beam from the iron arc \\ras reacljustecl and
llrjs caused a Ycry uneverr illurnirraliorr of 1lre collimator. Sirrce lhe llesirr-
ning of this unfortunal-e circumsl,ance could not be fixed, rve deciclecl'to
reject . all l,he spectrograms taken during NIarch 1936. r\s to lhe ferv ob-
serYal,ioris of tg37 a coirstanb correcl,ion --1.3 krn is needed to brinE theur
in agrecment lvith the preliminary reducLion cnrve of 1g:12-33. Tlre *o
reclucc.cl observal,ions of 1934-37 (crosses) are plobted in Fig. 3.

t) Finally the observat'ions of Lhe second half of 1938 outst"and l.oo much
lo Ire.considered iogeLher willr those oI rhe precedirrq yeals. The measured
larljaI r'clocilics are"too nega[ive (in Lhe mean by t0"l(m). AcldirrE Lhis cor-
rect.iou we fincl the recluclYon curve for the teniperature effect fl, rg:s to
be tnore or less similar to bhat for other years. Holvever, not,rvithstandirrg
llrc srnall number oI observaLions o[ tlre "brighter sLars (ai atI 27 spet.lrol
..qrarrrs) and the sensibl.e dispersion (triangles) we preferred to use'a septr-
ral.e recluction curve for the second Iralf of t93B (Fig.3 belorv).

Considering 1he observalions of 1932-L937' t&.clher u,e' deriverl Ih'c
IjrraI ra]ues fdl the coruections (Llre dors jn Fig. 3)."Tlre latter aiso corles-
ponr[ to a ternperature interval of 2'; holvever" lhese inLervals overlap one
anollrer, say 70-L2", l7-13"..
. A. peculiaril,y of Lhe reduction cnrve musL be noLed, namelv Lhe rapid
ll.turoase of thc ItegaLive correcLions lor lhc higlter lcmperaLures. Wd have
fllso 1n ittdepetrdcttt, proof of the facL thaL at Jriglrcr LemperaLures the clrarrgo
of uorlectious as broughL oul, in Fig. 3 isreally rnore rapid. Namgly, lvhen
cornparing the radial veioci l,ies bf f ain l, stars obtaiired a t cliff eient
l.ern1;eratures rve fincl l,he follolving values for Az km per 4.': 

]

28o. 0-24.5. --l- 0".99 km
25 :5-2t.5 +0.71

2:|'.5- 1t;.:, +0.lri-r h.rr
<1s.1-) -] rt.:lrr

'llie reclLrotion curve carlnot, be considered as a pure temperaLlue curve
since, as it.u,as menl,ioned above, Lhe change of focus rvas paiLly cont,rolled
(the majoril,y of spectrograms u,ere taken-ab Lhe focus 13.05-13.10 and
a small portion at 13.00 and 13.15). For this reason rne have here bud a
smoothed curve partly of irregular characl,er. We do not, l.hink l,hat there exists
a pure temperature reducLion curve at a1l. l-or instance, al, the sarne foeus
sel ting and nearly rvithin I [re same rangc of Lemperatures as in Llre pre-
cedilg ycars, the velociLies oI tlte hriglrtef stars obscrverl in l,lre second lralf
of t93B turn oub to be too negative, approximately by -[0 ]<rn. This is
parLly corrfirmed rviren comparing 65 spectrograms of laiuL sbars obtairred
in 1938 with those of the preceding years: thelormer hecape rnoxe negat,i\re
iu aterage by -6 hm and if excluding few specl,4ograrrs evBn, by -B lr1rr,

4 I'lr" Climean Obscrvalory, rot. I, part t , 49



TIie spectrogram rests in our plal,e-holder in such a manrlel that, s'e

eannot be sure Tliat durine a long period of time the position of the plale
aL the given focus sctl.ing:is accurately the s.ame. This may be the cattse

oI the difference in the svstemabic error in different years.
Our observations have been taken in overwhelming majority s'il,irip

the temperature interval from 0 to 26o, and the corresponding-correctiotts,
as it is ieen from Fig. 3, change nearly from f 8.5 to -8.5. We have re-
.:istered durinq the c-ourse of our observations a change of the focus set1ilrg
from 13.00 to i3.15. Afterrvards rve have reoognized that for the above tern-
Derature interval tlte focus chanqes u'ithin t0.15 mm approximately.
bonfronting this with the correspdnding change in tlre corrections for tlrc
radial veloEities (15 km) rve find that th-is third way also indicates that bhe

focus or temperaiure effect is nearly of the same order as given by the _trn'o'
other independent methods considered above. It is true we have obtainccl,
here a sornewhal, smaller valuefor LrtlLt, but this is in agreement with the
fact that in the last case we are dealing rn'ith a smoother temperature or

focus effeot.
It ts of importance to note that the account Jor the _systematio error'

due to error in-focus for the spectrogram as a whole as well as for the inrii-
vidual spectral lines considered in detail above and in the <<Standard starsu'
(p. 51) ,educes Lhe mean arithmetical residual (M^o^o r e-Simeis) from /+.2 Lo

2'.t t i" ancl the mean systematio one from *3.2 to *0.3 km.
The question now arises on the cause of the effect in question. Certainly,

the error in the radial velocities as caused by poor focus is trivial. This
may be connectecl, for instance, with.uneven illumination of the collima[or"
objective. In our preceding paper (5)_serious attention was called to this
noint. esneciallv in connec"bion with the astiqmatism of the main mirror'-
No.u *" have triecl to fix more precise)y the -cause in question. In order lo
irrdrre on the effect of uneYenillumination of the collimator we have obl,ai.'
,erl't*o series of spectrograms of the sky: A) the llgh_t qf sky jlluminates

the rvhole objective and F1 onty its upper half, B) the light of the sky jilu-
minates the whole objective and Fe only iLs lower half. When measuritrg
both series the micrometer reading for the Fe line 4337.05 'rvas adjustet[ in
both cases to 90.000. The results of immediate comparison are representerl
in Fie. 4. The dots (sky) and the crosses (Fe) give the difference of the Inean
micr&netur readingi (#ries A minus series B). The reality of Fig. /* oauno{,

be disputed. On t[e other hand, the same spec^trograms. have O""n."41rcc,rI
in the'usual manner usinq our reduction table for l,he stars. The comprrterl
radial velocities for indi\,idual lines in the sky spectrum are plobted iLr

F'io. 5 (the dots and the crosses relate to the series B and A respecl,ivoly).
WB nu"i measured ciqht good lines to the violeb from II1. Ib is worllr of
attention that the rad-ia} velocities wiLhin this region may be exprcsserl lo
some extent by a sine curve. Besides,.it^Tuy be.noted thatthe mean radial
velocity f or the series A is equal to *12.2 km whilefor B we have -11.5 lrm.
Unfortirnately the few lines in the solar specl,rum to the red from H1_ a1e

blends and oierexposed on our plal,es, and we were not able to measure them
for the investiga:tion of the effecb in ,question Jor this .portion_ of tlNr

,snectrum. In ani case it is evidentthat theunevenillumination of the colli-
,iator liiEhlv iniluences the radial velocities. Brrt in practice the devjat.ions
from uni?o.mity in the illumination are probably but small,, apart, from
some rare exceptional cases. We are not able_to invesligate the effect' irr
question whioh occurs in reality, bul, beyond doubt it may reach sevt'ra}
kilometers.

The peculiar characber of Figurcs 4 ancl 5 is probably connected rrith
f lr,, sltape of the focal curve a*s rvell as rvilh the unevcn illuminal,iprr o[
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llre r,ollinialol olrjeciive. llul it, is r,erv rliffiorill, Io oonur:rl tlrese fiEures
1,jIIr llre sysLemat.ic cllor in llie radial r.olocities discussecl aLove in cletail.

'I'o clear up parl;lv thc cause of Llie sysLeraLic errol uuder consideration
l.hc foilorving experirnenl, l'as pet'forrnecl. Several series of spectrogram$
of Fe rr,er.c olttainecl in such a manner l.hat besides l,hc ttsual. spectra of Fe
(lhe rays ale passing Lhrorrgh a grormrl glass, [[re objccl-ive antl three prisms
o[ loLal inner reflect,ion) rve get, bet,u'cen Lherrt a Lhircl one dr"te 1.o tire light
passing ouly t,hr:ough a srouticl glass arrarrgecl iu frotll, of [he slil,. Each of
ihs thiec obl.ainec[-series contains aboul, teu sltecl,rograms. The resull.s of
tlre measru.ernenbs of iron lines (t,he ,',r,,n11 1'r'aclirrgs for Lhc usual oomparisou
spectnm of Fc minus l.lie readings for lle arratr,"e,l centrally on the piate)
arc represenLecl in Fig. 6. 'Ihese clifferences expresser[ ,hcre in km/seo brin.'
oLrb a sensible clependcncc on u'avcr-lengtli. Arnong l.he spectrograms there
.are nor,mal.Iy exposrr[ and overcxposecl. otres, ltui, one coul.d disc:rn no evi-
den t, cliflererLce in I,hc r-'ffeot, trtrder corisideraLiou, TIle same experiment
s'as perforrnecl sl,i 11 earlier b)'\'. A.,'\illit'zhv (his llaper is t'totv in press).

A close similariLyof Figures 6 anrl t is t,o bc ernptrasizecl , In spile of tho
sysl.emalic riifferetrce lteLrveen the cloLs anrl Lhe cilcles on Fig.6 u'e tirinh
t,iraI, lre are dealing herc rvith blrc same phetlomenon' Bul, a,sensible s1.ste-
rnat,ic clifference is- brouglit, ottL eten ltets,ee,n l,[re Llrce series of spectro-
grams i1 queslion lor Fe ancl Lhis points on t,he iucousl,ancy of conditions
l'Irel performing Lhe above experimenl,. Tltough therc is rio complebe agree-
rnenL betrveen Figr.rres 6 anc[ 1, l,hesuggestion Ina-v ix) expressecl bhal, rvherr
t,[re comparison sptcLrum (Fe) is ta]ren in Lhe usttal. mariner, the iron 1ines,
lying in-Lhe region of l,he plat,ei,situal,etl orrl,sicle Llie focal 0itrve) Irrin_g out a
sVsLtimaLic displacemc,nl, inoreasing u,it,ir ctisbancet from tlte focus. BuL the
oause of the differer-roe in {lre posl Lion of tJie iron lines s,lien the arc is aman-
rred irnruedialclv in fronl, of Lhe slib and in t,lie usual marlner rernains obsoure.
' Son,o rnicrophoLomel.er Lracings have been obLainecl for Llie iron lines
in different, por:[ions of t.he specl,r;um. W]ten ttre clevial"i.otl frorn Lhe focr-rs is
,sensible one rray sce a11 asymmeLry in I;he lighl- distribuLiort x'ithin Lhe spec-
:tr.a[ lirre. The scarcily of L]rc mal,erial availablc does nol, all.os'to cotluect,
tlris asymrnel,r'5r lviLh l,he sYsLernal,ic errol'in Llrc ollserved radial r'elocit,ies.

TIe. above experirnent,s l,lirorr' mrtclt LighL otl Lhc pixlllomeuoar under
.consicleraLion, I-Iowevcr, Nc al'e not able at, present, to fix a llore inbrinsic
()ause. C)ne may conclucle only LhaL t,he syslen'ialic errorin the radial ve-
Iocit,ics is, beyonr.l doubt, due l,o Lhe cleviaLiou frorn l.lte Lrue focus.

Tlie proceclure adopLed above for Lhe eliminal-ion of the svsl,ernatic er-
tor is so Llnuslral. and cornpl.icateci t,hal, il, seems l,o be highl), desirable bo

,fjnd an inclepencieril; rvay t,o l-esl, lvhel.her l,he reduced radial velocil,ies are
really free at, lr:ast, from a cousiclerahle syst.ematic error. This rnay bedone
u'lieri determinirrg 1,he elerrrent.s oI Llie solar rr-iotiotr and t,he K-Lerm ft'om
i.he observed racl.-ial velocil,it-,s. UnforLunat,erIV 1,[le st,ars ttncler considera-
l ion aro no L clistriltul;ecl unif orml.y, t specially u,itlr respect. to Lhe galacl,io
longiLucle. In conrrecLion r,r,iLli t,hjs il, s,oulcl lre reasonaltle Lo_ expect thaL
llre"solul,ion tould plocluce large rtncerLaint,ies in Lhc clerivecl posilion oI
llre solar ape,x. In ailcliLio,,, tlid rrumber of oltserr.ett stars is small and i.l,

is l.herefore bel,ter l,o aclopL Lhe posiLion of thc apex a,s knou'n. Tliis is quite
attmissible since il, is ktrou,lt frorn 1.lre previous invesLigat.ions LItal, the ape-x

for l,he sLars of l,ype B8-,,\5 cloos rioL tliffer frorn Lhe iLaridard one (279:,
-l-30'). Thougli the disLribriLion of the obscrved sLars is nol, cluiLe favourable
for llic clcLerritinabion of tlie K-|errn, buL Llie preijence of a considerable sy-
st,emal,ic error u'ill he lrrorrghL, ouL il lhe usual sol.nLion as a spuriotts /(-term.

All tlie stars have boerr divitled fi 22 group$, each of l'hich included
a n)ore or le ss equal numbcr of sl,ars. Bul, l,lie areas are nueclttal:in the summer
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hours ne lrave usuall.v 0l'.5 antl in the rvinter ones t--3 hours. iflrc letrstl'

sqrrales solr-rtion oI ecSiatiorrs I/9 Cos ,Dfl(:[ ga\'e V6 : L5.2 kut.'set:

=[ 0.,ar4, (nr. s. e) ancl I( : -0.6 hm.sec:L 0.1']0 (m. s. e.).
As it is u,eIl knou'n the brighler stars of Lhe tvpe B8-A5 clo uoL maui-

fesL the pr.esernse of t,lie1i-terrn, and for [,]ris reason the obtained srnall valtre
for I{ may he iriLerpreted as an inclicai.ion of otrr rarlial velocities
being free al, lcast. fronr any appr.eciabJe syste ma{ic error. l[']ris proof is ofi'

purely hinerraLic character. l l- is u,orl.hy of aLt,enLion tlial, the obLaineri va-
velocil,v of tlre suti I/O: 15.0 k1r,'sgg is mlch smaller t,hart Lhe sLatrclard ya-
lue 20.0. Hovever, iL i:,; krrorvn 1lral. also 1.1re ltliglrler sLars of tliis class sivtr.
a suraller veloci[y 1'.

r'l',\ \ I ),\H lJ sT.\li s]

The lisl, of 29 blJghLer stars nlo$tly of type B8-i\l] lhich serye as stau-
darcl ones in Llre presc,nt, rvorl< is given in lfable 1.'I'he rlerived r..clocil,ies
for them are ]rasecl on nlorc-r Lhan ii00 specLrograms. This large observaLional.
matdrial lvas .cliscussed to clerir.e the .sysl.erriatic der.iationi'for indiviclual
spectral lines select,ecl for []re nieasuremenl,s of radial velooities, ancl, on t.he
other hancl , l,o oonlrol {he sysl,ematic error as au,lrole. In the sirLh colrrrnu
are given Lhe 11. V. f ro rri NI o o r, e 's General Ca l,alogue.

The results of onr immediate rneasLrrernent,s wiLhout, ant'correotiou,
and ,tire differences l'[ S'are given in Lhe sevenLh and erighl,h oolumn. 'I-he
mear.l algebraic N[-S' auroLrrrts to +:.i.2 l<m. rvhile Lhe rnean ariLhmeticaI
of residual.s N,I S' is 1r.2I<,n. 11. rvas shor,vn (p.1nB) t,hal, the individual specLral
lines are affectecl by a syst,emalic error cleperrdilg on 1,ave-letrgl.hs. Llsirrg.
Llie nern, correcl,ed systernof s,aye-lerrgths (Fig.2.)lve oltLainecl tlle colurnns
9 (S") and 10 (M --" S" ). 'J'lre systemoa Lic error 11o\\, Lurtls out to be only
f 1.3 km, ivhile tlre meau arithurel,icalis 3.6 I<m. 'Jihough l.he meau algeb-
raic 1V1- S" : *1.ij is nol, large, Lhe residuals for iudividual stars are raLlter
gleat.

Af Ler reducLirin to tlie rrol. correctecl svslr:nt of rvave-lernslths LLc larlial
relocilies u'ere agairr rliscrrsse,l Ironr llrc slirrrtlpoitrL oI llrc i'x1lLl(,11i'0 ol Ilre
sYslematicerroL: t'Iolsiclererl itr del.ail onp.4,4. Jn'surch rvay liave lteen ohLai-
netl the IjrraI vaiues oI llre t.adiaI r,elocitit's S0, ri'lriclr rrre giverr logcllrer'
witlr l,heclifferencesi\,1 -S0in columns 1.1 and t2.''I'he algeltrait-r urcarr of Lhe
resicluals M - S0 eqnal to -,f-0.i:i l<m,/sec may be consicleilec[ as Llie rernairririg
systernal,ic error of bur.lisl, since l-he raclial. veloci[ies of all program sLars
rvere reduoed in i,he sarie maltrler. BuL the r,eal.ily of tlris stnall valuc re-
rnaius sLi[l doubLfu[. r\Iler lcrouritiug for tlie sysl,emaLic errors Lhe urean
ar:ithmel,icaI of resirlrrals II S0 Las" bcen also" serrsib]v climjlishecl arrrI
became eqlral l.o ;[2,1 liur.
__ 

'I'he probable err,or for a spoctrogram of a prograrn sLar is j6.2 krn'sec.
Ilavirrg iLr-vierr'tlrtr Iol rlispr,r'siorr rrse,l nrrt[ 

'llrc"spc,'lr,al 
c[ass oI tlrtl sllr's

(tnosLly R8-A0) tlris does uot, seem Lo lte sulpr,iiing. Tlie proltahle error
of a star is ahoLrL _[2.ir kntisec.

We have only r"t,r'y lcrv lrrirrl slurs in lornrrrt-rrL lilJr otlrer crrlllr,gttes
ptrhlislred af Ier' ortt' o[,selvalitrrrs and rt,rlrrcLiorrs rvt,r,t, ,ronrlrlcterl. lioi {lt
stars in-common (see notes iri'llabie lI) wi{"h <r'lhe raclial veiociLies of 500
t.tT? .(61 the. mean deviat,ion is a4J knr (if excltrcling Il. D. 4:l;i:130,
;t3.9- km). The sysl,ematic dil'forence in l.he last case is oriiy f0.2 hni. If
rr'e arlntrL lhe acctrracy of Sin'reis and'loronLo oJrser,vaLions Lo ltc eqLral (Lho

.. ',,. 1*lr.,irrrlror'g, .\ph. J. ,;i,;9, 11);2it, I6...i2.9. \\ ilsorr, -\. ,l .;t(i, il:tg, tl)21t.
je-J(r:i..,(larnl,Lt, ll arrrl ,\l ooro, 1,. (). Ilrrll. l(i, l!):213,6 -.18.6. I-ind-lrlarl, I[. ]\. $'], rlr:j, t9i]ll, IiO:lrj.G. \or.dsLr.ii rrr, t,rrirrl ,\ledil]-\ 79,Vg.,,, 10.L
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5063n
59430
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( 06999
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'l0n48Li

r0856i
I 08651
J 10326
I I33 tlf)
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22059 2

220i30
qo{ qllf

22415it
2 24 1 ()(i

2)42',.tit
225(.X)1
)25()23

+24 57
:3848
irs t
: VLl
:4548
;3255
:1543
i 3516
i

7 .21
6. iri
7 .06
6.i\
6.84
6.9G
1 .19
. a)j)

R8a
A0n
Il9
AO
B9
Il9
,\2s
A2

+ 4.7

- 4.L

- 
o.J

- t.8
-77.2l12;6
-11 .0
_q <

+1.6
2.0
1.4
1.7
1.4
2.0
1.5
2.1,

7

7
:)

6
5
8

8

. i i'N o:[ e s ']
'i rlirI , 5638 Sp. din. ! r< : 64.3 P : t0.418

2 27062 D-.D.0.1 No3 i + 6.4 + 1.6 r- r

' 3.,f,06999 LOB;No494 . - 6.1 t 1.5
4 N07276 ) :,D 1r3 -t1.4 :

5 {07513 D r , + 0.4 it.-S6 [07035 ) j )) 0.8 
=1.57 , f08i486 , i ,r i 0.6 . r- 1.5 .

8 , (0865f )) i )) - 0.4 = 1.5
9 t10326 Sp.Ein :K:40.2. P-2.'t0t+5 ':

LO. t2t626 D.D.g. I No3 , .: 8.8 + 3.6
ll , 133330 ), )) , + 15.L = 6.1
N2 N57255 Suggpsted Sp. Bin. Range about 50 km.
t3 f62936.D.D.ll.rNo3 ;-16.9 +1.6
t5 169169 t )) i - 15.8 -r 5.!
16 069491 D )) ; - 15.8 :E 1.3 ,

N7 t7OJlL Possibly. Sp. B'in. Range aboub 50 km-l
18 t?5785 D.D.O.l-No3 - 25-8 . + 5.4
t9 d94h95 SP. Bin.. ;K: 82.2 P :L'.9052
20 . [95358 Probably c-star, Fe ll 4233 ls sufficlently slrong
21 209469 . D. D.O. t 

-.N "3 - 12 ,1 var. ?

22 209484 rr . )) i. 
- 2.0 var. ?

23 22123? >. D . 5.0. t3.6 ' . .l
2L 22\166 )) ;, i -20.8. -t1.8

dispe{sions used are:nearly the sanie), the probable error oJ the radial re-
locities may be computed independently by the formula' '

,'o:!ff{X
where A is the difference Torontorsimeis. This gives f3.0 km or :*2.4,
if excluding H. D. 133330. This is in good agreemenb with the error men-
tioned abo-ve.

WB have also in our cataloEue a numher of stars belonging to the Coma
Berenices cluster. These stars-were partly observed with the long camera
and their radial velocities w€re already published by uq several years ag-o

(7). Now we oan.compare them with Trumpler's radial velocities (8)
(puftisnea simultaneouily with my paper). The agreement seems, to be vely
good.,The mean residual for 6 s[ars in common is only t-1.ii km anct the
irean systematic difference Lick-Simeis is -1.1 km. However it.is to
he emphasized that the accuracy for these stals can by no means be con-
sider(ii as typical of the radial velocities of our list. :

Tde resuits of observations of the program stars are given in Table
II, irqwhich the headings of yarious columns" are self-explana'tory. The pro-
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bable error of the mean velocity is computed by the formula

p. e.:0.845 Do'll P

{Tn
In our list are inclicatecl only few spectroscopic binaries. At the small dis-

persion used the detection of'binary character of the stars with range less.
than 30-40 km is mostly uncertain. We preferred to consider them as stars.
with constant velocity. But doubtless several of them are spectroscopic
binaries. The observaiions have been canied out in overwhelming majo-
rity by the author (95 per cent), bub the measurements have been rnade
by Mrs. P. Shajn and M. Glushenko.

AII the specl,rograms of the stars of the iisl, under consideration \Yere'
Iost during the wai, and thus any additional measurements for control. are.
rendered impossible.
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PAAI{AJILHbIL CHOPOCI'I4 t3t 3BEBIIbI CJIABEE 6.75

t'. iltaitH
B nacroaqeiii pa6ore Aar{br peByJrbrarbr na6;rro4euuii t3t BBeBALT c;ra6ee'

6.75. Tularenr,uoe r,rccJreAoBaHlre crrcreMbr AJrrlH BoJrH Br,IrrBr,rJro BaBucrr..
MOCTb IrolpaBOK r( llaAi,raJrr,Hr,rM cnopocTflM AJrs lrHllrrBlrAyairr,Hblx cfreHrpairE-
nr,rx nr.rnnfi oT AJrr,rlrbr BoJrrrbr, - atprpexr, TecHo cBrlaannrri,ir c tpoprvroii (ro-
naur,Hofr rtpunor,t xoporrtoi,i r(aMepLI, xoropofi MbI rroJllSoBajrr,rcrJ.

Hau5otee xapaxrepuoft oco6eHHocrr,ro Harrlr,rx ua6rrogeHrrii fltsJrflercrJ
HaJrr4qr,re cepseauoft cr{creMarr,rqecrtort ourr,r6nlt ceBoH}rol'o TeMrreparypHol'o.
xapanrepa, rrpor,rcxogflrqefi ot uarelillero oTnJroueHrrfl rr;racrr,rHrrur oT rrcrnl{:
uoro rponyca. V.rer rrrnsneuuor,l cr,rcreMaruqecnofi orulr6Hrt rroaBoJruJr cnrr-
Br{Tr, B noHrle HoHrIoB rrpeABaprrreirbrroe B}rarreHr{e cpe4ueapr.rQMerrrarecnoro.
r,r cpegrrereoMerpr,rqecxoro AJrrr paBlrocru i\{yp-Cuuena or f4,2 r,r 3.2 A;rn
29 crangaprrrr;rx BBeBA [o :L2.1 u J-0.3 coorBercrner.ruo. V4on,'rerBoprr-
retrunrr,l yarer ilonaBrJllaercrr reilr, rrro BbrarrrcjreHr{oe BHaqenue qJlel{a 1( ona-
BaJrocr, oqeub MarrrM. tr4ueuHo, cnopocrb coJrHeqrroro flBr4]rieHrrfl r.r BHlrqerrrre
arJreHa K, arrre4eHHbre r.ra Harlrclo rre6o;ruuoro ua6rrogarelbuoro rtareprrairilT
olra3arilrcL paBr.rriM.lr

Vo :'15.2 + 0.1) H,rr.lcen I{ : - 0.6 + 0.3 nu/cen

Bepoarnaa ouru6Ha crreHrpolpaMM6r r'r BBeBAbr paBHa cooTBercrBerir{o.

-i-6.2 r,i f 2.5 xin,'ceH. Bepoatuan ourr,r6na, rroJryueHrrarr r{B cpaBrreHrs rre6o;rs-
rrtoro arucra o6ullrx aBeBA, na6trogenr.rbrx s CuMer,rae r,r Ha o6cepraropr,rr,r daull4
.{anrau n lianage, oftaaaJracb pannor,l onolo }3.0

Cpegr,r rra6lrogeuublx rraMrl anea4 Har,i4cnr,r 3 HecoMrreHrrbre r,r IIBe rrol\o-
SpeBaenrbre rroRrrrc crlcrirpa,-lrrrro-;1roi.iur,re 3Be 3ALr.



l'ttE S,PECTIIUN'I O1.' 1' CASSIOPEIAE IN T94O AND 19I.1

I/. H ASD

't'he paper contains the description of spectlal changes in f,940 and 1941. 'Ihele ale
{,.rvo periocis Sept. 7-00 ancl OCt. 6-Nov. 20 49rr0 when, the sharp absorption cores
.ot iI ire rveakened till almost complete disappearance and the speotrum is dominated
by t,he broad lines of the reversing layer'. Between these periods the shell lines appear'
.agaitt.- 

Besides Il and FIe there are measured in the spectrum i7t faint lines. A number
,of l.hern are surely irlentified rvith Ar IL

The radial veiocity curve for the metastable helium lines is strongly shiftecl to
greater negative velociiies rclal,ively.to the curve corresponding to the diffuse series
iirres and the H curve, showing that ihe S-P lines originate in a higher and more rapidly
rnoving layer of the shell than the Il lines.

i, Cassiopeiae \yas uncler systematio observaLion at the Simeis Obser-
-\rat,ory from-August, 19110 1o Sepl,embet LgLl" when l,he worl< was interrup-
ted by the lvarl During this period the spectrum undel\Yent Lo. quite un-
,comnron varial,ions hitfierto unobserved in this sbar and suggestive of par-
tial clissipation and new formation of the outer shell before its- clisappe-a-
rance.in494t. From Sepl,emberTto Sepl,. 10 and from Oct. 6 to Nov.20 thtr
hyclrogen cores characteristic of l,he shell spectrum became weakened f,ill
aimosi complebe disappearance and the lines looked rvide and cliffuse. In
the intervals betrveen these periods of diffuse lines the speotrum returnecl
to its usrral shelt type. Such phenomenon being on our knowledge never'
'obser.rcrl irL i Cassfficiae, we found it, useful Ldgivc a detaited deicripLiorr
.of thc spcctral changes of l,h.e star.

?IIII 19110 DPIICTIiUI{

'fhc ohservabions of 1940 cover the period from Aug. 5 to Nov. 20. The
:s1.r1rri[1,ogr'flrrrs Ner(, sccrrlcd rviLh Uhc single prism 

-specbrogr,aph_aLbached
1o tlrc.at0 irrclr roflecLor givitrg a tlispcrsiou of aboub 36 A at H1. The__emul-
,sious Lrsec[ are: Eastman Proiess, Imperial. L200, Eastman 2F, Ilford [Iyper-
sensitive Panchromatio ancl Astra III. The total number of spectrograms
is 77; Eenerally 4-6 specl,rograms during one night Nere_tahen.

The" 1940 speotrum-shows prominent fines of l-I and I'I9, those of other
elen)ents being faint and diffioult for measuremenl,. The Balmer lines seen
.as far as Hts ire of composibe structure resulting from the superposition_of
,the shtrrp arid strorg shell spectrLlm or tlLe bro"ad and dilfuse lines of the
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rc\rcl'$iltq laver. WiLh the exccpbion of II, consisl,iug oI a sLrorrg ancl l-rroacl

omission" Iine, all Balmer lines shorv as their mosl ou[sLancling feature
.a cleep anrl sharp absorpbion 00re fianked by faint and generally narrorv
cmission lines, the violeb componenl, being stronger and sharper than the
rccl one; the emission lines are followed by faint aud narrow absorption
lines s,hich look as separabe components whert sceu rvith a magnification
of t5-20 times, but which prove to be only dips on the shallow absorp-
liorr l'ings, too weak to be deLected by t]re eye and revcaled. gnty on
rnicropholometer l,racings. I\'Ioreover l,here are specl,rograms on which second
still fainter ahsorption-componenl,s can be suspectect. Generall;, Lhe violet
absorption component is sl,ronger than 1,he red one.

Helinm is represented by the"series: 2zI) - naD (3819, 4026, 447'1.,5876),
23P0 - n3S (3867, 4l2l), 23S - 33P0 (3889), 21S -- trtpo (3965, 5016),
21P0 - n1D (4009, 4144, 4388, 1+922). The diffuse tripleL lines iliffer in
c,lraracter: 3Bi9 appears broad and diffuse, 4,026 is narrorv and sharp rvibh
rlicle lvings, 4474. is sharp and sbrong sometimes equal. to- or slightly less
intense t[an I1, ancl 5876 is sharp, sErong and narrow with faint emission
components detectecl not always and l,races of an absorption component.
lllie-23Po - n3S and 21P0 - n1D lines are als'ays faint and diffuse and
seerl not cverywhere.

The rnebasiable line 3889 btended ri'ith I[" is l,he mosl, prorninent ]ine
ln the rvhole specbrum and loohs sharp and 

-strongi 
sLrucbural det,ails si-

rnilar to those of the H lines and apparently relating to H- are fainl,, the
alisorpbion components heing rveak and narrorn and lhe emission lines ob-
rerlable noL everywherc. Tlie metas[ab]e single[]ines 3965 and 5016 aro
sharp ancl of modJrate intensil,y;3965 seems Ld be son"rebimes accompanietl
L), faint violeL emission." 

Such was the general character of l,he.- hydroge-n^ancl heliurn lines on the
spccLlograms taken on Aug. 5,20,23,26,29 and Sept.4 althougll thc dif-
fuse tr{rleu lines 'rvere slifhtly varying in shape and irrtensity.

Bub-on the nexl, observa:bion iriglit, Sept. 7, the spectrum appeared
rluite different. The Balmer lines II",-H13 became cliffuse ancl the sl,ruc-
iural details tress distinctly seen as befrire; the cenl,ralabsorption cores look-
ecl much fainter as lvell 

-as 
the emissiorr lines, and bhe absorption compo-

treuts rvere broader l,han before. The H9 absorpbion is sl,r,ons and secms to
i," tos. ;ii;;; ;y ;il fi;;;i .riung;.or-:irr" Jpu.t'um. Ho 

o.emains 
strong

l11 emlsslon.
The I{e lines behave in a differenb manner:rvhile Lhe diff uso scries }ines

are broadened, 1,he metastable ones .- 3889 and 50tG reuiain sharp and
.'tLl'ong; 3965 is fainiened, but as sharp as before'

Cli'the next observation nighL - SepL.t0 thc change in quesl,ion is
proqrcssinq, lhe l[ ]incs appcati"ng sLilI morc dilfuse artd tlrc bload ttnder-
ir-iriq' abso'rpl-ion becoming sLitt siiallorver. H1 is tuuch m.ole rliffrtse Lharr

oir Sepf. 7.'The emissioil componenl,s are icry faiut,, Lhe violet one -llroadancl thc red somervhat narbwer. HB is strikingly differenb from the
previous clays; for the first time it loohslike a sLrong double emission line,
ivliile the central absorplion clividing bol,h comporienls is harclly seen.

Tlie LI, emission is ver.y strong.
The He lines behave nearly as"on Sept.. 7, only 4,026 and 4471 appear

rnore rliffuse. 5876 ismuchfainier than previously and has brn'o raLher doub1,-

fu1 emission components. The rneLasl,able line l-)016, sl,rong o:r Sepl,. 7,
is faint,, as well as 3965, and only 3889 remains apparently unaltered.

Orr SepL. 13 l.hc speclrum again rcLurns lo the st,age of narroN lincs.
Tlrc cetrtral absorpliori cores of LlLc hydrogorr lines bec-omc sharp anrl natrow
ancl much stronger than they were during:Lhe diffuse }ines stage. The violel'
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emission lines are ralher hroacl, the red orles yery rlarro\v..\s hefore, t.he
violeb eniission lines are stronger than Lhe red ones. The Iines of He: li8tfl,
4026 and 4471 are narrow, 402tj has f ainL rvings and 447l is uearl;, as slrons
as tl ,. 3965 antl 3889 are slrarlr arrrI stlong.

CorLlorit's of H.; antl ll, f or Sepl. 1r, 7, 10 arrd 13 are qiverr otr l,'jg. '1 . 'fJre
intensity is cxprcssed itr rurits of lhe cotrlinuons l,raciiqrorrncl. Tire inspection

-/0t + /0i - t0l

Fig. 1. Contours of Ha and I{1

of Lhese contours makes Lhe irnpression of the shell becoming more trauspa-
rent on Sept. 7 and'10 and allorn-ing a deeper insight into the spectrum of
the reversing layer.

The main variations in the follor,r'ing days are the furl"her namowinE
and strengthening of the hydrogen cores on Se1-rt. 15 and, beginning with
Sept. 21, Lhe general rveakening of the emission.lines at HT.- Hr, which
appear in reverse relaLion of sLrength, the red component becoming now
the brighter. The absorpLion components are weak and someu,hai diffuse,
the violet ones being broader. H6 has two violet absorption componenl,s.
The emission I{, remains strong as hefore and HB l.ooks differen,L almost
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oTl ovcry plal-e. All"liough Lhis llhenomenolr is rieen al.co on lrevious dal,es
one canllot, affirm ils realib;r, as II9 lies irL l,lrc rogion of lou,cred sensit,ivil,y
of the plat.cs.

Frorr Oct,. 6 begins a ne\\r sl,agc of rljffuse lires, s'hich lasts Li.ll Nov.20,
lten the litres again hecome sharp.

Oct. 6. Thr: llalLner 1ines, exoep[, H.. are cliffuse, l,he higho: mem]rers
abor,o .[][n cannoL be rneasr.rrecl al, all..H. anrl I[; are ]rroar[ and diffuse,
tlre altsrirpl-ion conri-ronenLs lool(ing lilit rvinss. The ernissiol Ijnes al'e \ra-
nishingll, faint.. H, is less diffusc, arrc[ fainI emission componenl.s can be
rneasrrri.rl , the red onc being lLe hlighLer. The diff use serics heliurn lines
ali, lttinLer arrcl lolse defined l,han before.3965 is nrtrch fainl,olecl ]tul noL
cli{[use, anc[ only 1i889 appear,q as sharp as ]refore.

Oot. 12. Ali iines are st,iil more fainL and diff use excepl,3889. The oores
oI Llie llalrner limr.s are }rardlv mole inLcnse, ilran Lhe absorpl,ion compo-
norrLs. 1I, has Lrvo emission conponent,s. LJre recl orre being thc sl-r,nnger.
ii', is lradll, secn. Tire hc.liuin liucs, cxcepl,:1889, are fainb and diffuse, 3965
js Jrirre,lv recogrrizable.

Ot',t. {ir. The l]alrner lines ar:c also cliff usc as on Oct.. 12, but Lhe cenLrtil
{rores iire sonrervhaL s[,rongel arrcl l,he sl,r'ucture raLher beLLer clefined l,hair
on Oct. 6. Tlie core oI [T.,. is l'c11 tlefinetl, trr.o enrission componenLs ar,b'seen,
lhe-r,iole1, one being Lhe stronger, LIB loolrs so faini l,hab the measureinenls
are absolut,ely unocrlain. LIa is not,ably u.ealiened. 3964 is sharp ancl rvell
definecl. 3889 - slrorlg and sharp, SBtg - ciiffuse, 4026 - nanow, sbarp,
n'ith t-irrgs. 4\ri4 - rat.her sharp, but, sonter,r,hal, broacler l,han usoally.

()r't. 21. TIre H lirres aro still moro rii[f rrsr'. Tlre ccrrtral corcs of I-1. ari,l
1I-; are not. secn. II, makes the imprcssion of l-liree absorpl,ion ljnes dividerl
ltv doubLful enrission. HB sliorvs one clisl.incl, l:road emissiol line ancl a {aint
absorption. FI, is brighler Lhan on OcL. 15. The helium lines are fainl, ancl
rliffuse, llBB9 is somervhat, fainl,erretl.

Nor'. 11+. .\ll lirres arc Iairrl. and diff rrse. ll,; and H, appear.as dor"r lrlc ab-
sorlrtiotr lines of a new sLrucLur,e: a lainl, violei emission, follorvcd by a nar-
lorv and ra[,her sharp absor:pt,ion cor.c, llankecl hv vr,rry faj.nl, red ernission.
'I'hen follos,s a seconcl absorpLion line someu,hat, fainLer l,han l,he first one
arr,l l'ors0 delinerl. lls re,l emissiorr componcnt isslrongel.Lhan lho violeL
oue. HB lool<s qui t,e clifferent, on three plates. F[, is nrich fainler than du-
r'ilrg r\uglrsL ancl Septernber. i]889 is fainl,er, buL sharp and rvel.l defined as
alnaJs. 3965 is vanishing ancl l.lie 23P0 - nBD lines are faint ancl diffuse.

Nor,. 20. A[[ lines of ][ are again s]rtirp ancl rat,her narro\\r,, brtt clistinctly
feinter tlian t,hey rvere bcfore Lhe lasL period of dilf use lines. Emission lities
arc rrol seen at, a1l, excepL H, much lainlened.

'lhe unusual appearanie of t,he specl,rr-rm of y Cassiopeiae in 1940 rvas
reporled also bv olher observers: S l,r u ve and S u, i rr C $ (1) annoqnced
lhat, Lou,arcl l,he encl of the period covered by Lheir oltserval,ions betrveen
Sopt,.20 ancl Ool,.2li t,hc deep and sharp absor,pt.ion cores ciisappeared in
all lines beLu.een II3 ancl H. On ttre otherhancl, M e r r i l1 (2) observed
ilrreu, Lhcr sharp ancl namow hyclrogen cores from Nov.21. The Simeis ob-
scr'\,aLions shorv thaL in t9{r0 Lhe diffuse and sharp Iine sLagcs were varying
al.Lernnt.cly in l,he speclrlrnt of l Cassiopeiae, aud thal Llie-shell of the sl,ai
tnust, havc been in an unsLaltle sl"aLe. In agreement u,ith onr e-qLimates? M e r-
l i I I also sl,ates l,liaL the absorption d6res are gractLrally falnteuing. *

'F The conclit,ionsoI war timc causetl thaL the Observatorv coulc[ not receivc in due
i,ime the payrer by Stluve ancl Sr,vings (Ap. J.9a, 2,19n1). Only"when this paper rvas rearly
lot'press we reccived the i\'IcDonaldObsen'aLor.yContribution No 37. The-authors give
ro rlrrtir for t,he interval bets,een Aug. 30 ancl Oct. 20,79'40, u,here the changes described
itr llris ,;,al,er ioolt placc.
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O III 675
He I 9.61, Ile I C.75
o II 1.68
Fc II 4.91
N II 9.80, ,\r II 0./r3, O II 0.',:r
H,
'!
Ca III 2.55, O II 2.82
,\r II 5.42
?
.,\r I I 0.57
o It 7.17
,I

tle I 7.4tt, Ile | 7.62
(Ca III 8.42), ;\r II 8.53, C II 8.S1
'l
(Fe II 0.78)
O II 1.19, O II i.'r5, O II 3.li
P II 5.17
Ca III 5.29, C III 5.86
I{e I8.65, I{2.
o II 3.53
P III 50:J,,\r'II 5.26
o II 6.30
s III 1.55 (S II l.ee)
.\r ll {.58. O ll '1.C5

c II 8.98, N II 9.00, o II 9.18
P ill 2.72, s II s.4S
Ar II 5.71
I-Ie I 6.53
?
(S II 3.2e), (P III 3.38), Ca II 3.68
(t-te t 1",.0t1, Ite II 5.9i
s III 7.2',t
?
O I 7.33, O I 7.$1. C II 7.0rt, 0 I 7'l]'F.

P III r.5l (o lll l.s2)
Ar ll 2.74
o ll 4.37
N II 5.85
P III 7.64
Ar I I 8.39
S III 0.55, O III 1.59 )
He I 4.73
I{s
Ar II rr,76, Fe III 5'13
?
(o il 2.r:|), s III 3.70
Ca III 2r.71

?
Ar II 4,81, N II 5.0r)
Al II 5.S6; .A.l II 6.16, .\1 II 0.3&
P lll 7.17

62

373t+.37
3750.ti't
3764.1.2
:)770.63
3775,94
3796.00
3797 .90
3807.2L
3813. 98
3816.84
3819. €r3

8827,76
3824.62
3830.20
3835.39
3841.07
3842.97
3845.27
3849. 1 t
3850.64
3857.3/L
3865 .3lJ
3867.52
3868. 60
3869 .49
3880. Blr

3882. 70
3885 .06
3885. 61
3888. BIl

3893.41
3894 .98
3896. 21

3902. 06
391 1 .63
3919.10
3923.1r9
3925.8i
3926. 57
3921 .9rt
3933 .63
3935. 84
3937.31
3940. 85
3947.6'.1
3851.86
3952.68
3951,72
3956 .03
3957 .2'l
3958.57
3961.36
3964.75
3970.08
3974.9tt
3981.94
3983.84
I1984 . zrB

3990.28
3995. (0
3996.50
39$?.4i:t

0-[
c,-2

il

2

0
2
2
il

0
2-'l

(
t
I

2-4
0
I
I
d

T

0
0
0
l
I

0-l
il
0

0-1
(0
0
I

Il

1l

d

n
l1
11

d
n
1l

n
n
n
S

n
d
S

s
n
II
s
d
d
S

s
n
tl
1l
Il
n
n
n
n
n
s
s
n
s
s
n
II
S

s
S

n
n
S

s

n
ll
n
n
n
n
el
d

t7
05
4

27
il
2

31
2

5
36

o
o
I

35

t1

2
5
;t

o
2
2

(
.)

o
61

fl
o

0
c,

I
f,
.1

2
(;

0
J

t
,1

N

lL

t),

2
o

2
53
6fl

L
I
2
4
0
2
tt
q

0-r
0
I
(

0-1
0
0
0
(
0
t
fl
o
(
0
0
,l

0
0-1

0
3-5
4-5

l
0
0
0
0
t
c
fi

r\[eilsuled
\Yavo-lelIg tll d)Tlft: lcr,o,..L".



4003.x8
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P III 9,08, Fe III 9.10
N I 4.73
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n
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n
n

63

I,Ieasue(l
wave-length



1'ABLE I (Continued)
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(.\r I I {1.;tj)
.\r'II 1.:J6, C 1I ,i.59, O II i.(r;
C II 6.7ri
o II f.ir)
(.\r II e.;a.1, (C rII 9.97)
(C III :1.:21),,,\r' II ::i.79
IIc I 7.93, (C III 8.2ti)
('l'i Il 5.0i), I,'e II[ 5.78, O II 5.95
Ife II :1.00, Ca III J.7\, P Il 1.29't,
O II 0.9;, trc II 6.82 (P Ii ,.31)
Iie iiI {).i-r9
-U'II (;.(i1
\ II 7 ]I, \ II 7.9;
Ifc II I 0.9;-r, .\r' lI 1.(l.l
,\r Il 3.s:l
'.t'i II:1.81, P III 3.lii
O II 8.21,,\r II ,S.uti
o II 2.55, O II i.88, l' Ii 7.98
f i II 8.50
I1e I {.43, IIc I l.6tt

II
ll
il
ti
il
s

i-:. (1.

n

ll
rl
S

rl.

ll
D

s
n

s
rl
t]
S

II
I]
I)
ri
tI
II
rl
I)

1

1

1

2
,,1

1
., -

'.t.

2
3
1

!L

1

I
1

I
t
I

1

j-r a
j
I
I

2
l
')

)
I
I
2
t
I
,I

I
,.1,

L

2
)
2
i
2

4(\

)
:
,]

'1

2{)

',1
7

1

l

\r II l.)'l:t
(o 1I ?.7)), (o II s.oe), (\ II 8.ii.1
O II 1.25,.\r'li 1.llit, lfc II 1.'r0
,?

.Fo II 0.22, Io II 2.64
,\l III 3.91,r r\1 III {.t.lti
\ II 0.:i7, -,\r II {).57; P II 0.i8
s II 3.:Ji), P II :1.81, f i Il 3.!r, lte lI \.1,1
fi IV 5 ri{l
.\r'II 7.t;7
S II 237, \ Ii 1.50. Si IIi:.1.(;{)
(-,\r II 2.{tl)
iii III 4.75, I' III 4.{)0
l ,' II 3.5:1, .\r' ll rt.l,
-\ I I ;.1l -. -\ r' I [ l'.Grl
P II 8 71, Ife II !r.34, Ti lI 9.3'i
N II 0.55, Si I\I il 38
O II ti.tJ{;, r\l II 0.3t1, i\t II 0.lJi'
c, III ,.40,0 II 1).15, C III 0.16,0 Ii 0.85,

C III 1.:tJ(\ Ir 4.5r). (S rI 0.r;)
(P II 8.x1), (C rV 8.64)
N II 7.93
l,'e II f1.97 (-\ II C.air), O II 0,0',
III I :1.1i, IIt l3,l,
ILi,,
Ilt I 1.93
(J II 1.11, o I[ :l.ilri
P lt (.J3, o Il i.7ri
P I I 9,Ii;
N II 5.X4
FIe I l'r.(iu :

Ho I 7.i\
Ife III 6.ill
(I'e II ll.4i),,(l'e II :1.01), (.\l II:1.66)
(.\l II 0.34), (lte II u.70), lr'c III 0.7,

F'e I I 0.8'r
Ir III 7.iJ2
s II 5.f15
l"c III 5.C7, s II ;.oi
Fc III 3.90,, Ir'e Il I (./,ll
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4639.17
4{i49 .56

4t\'r5.il7
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T A IlL II I (Co)7ti1l1t.cd)

it)34.62

it',i21. .1,7
l-r1129.90
5/rl|6.89
iri77.ti6
5875. 68
5'r91 .02
6i'rIi2.82
$676.70

I
0
t)
.)

1
()

'r ()

)
t1

4
ltt

5

Il
(t
d
([
d

h. d.
S

s

s

Fe II 4.62, Fe III 5.30
Fe III 3.26
S II 0.70, N II 0.95
ot893,oI959,oI.0.66
oI5.16,o15.r8,o16.83
N II 6.76, N II 9,56
He I 562, He I 596
C II 9,97, C II 1.65
Ha
He I 8.15

A prelimin&r5r xggou,rt of the peculiar changes in the shell specbrurn
oI y Cassiopeiae was given in another publication. (3)

I I}EVI'I IIIC,\TION OIT F,\t\T,\BSOITPTIO\ LINES

Besides ilre H and He lirtes Llrere are mcasurecl irr the {910 specLrum
of y Cassiopeiae a nurrber of exl,remely faint lines, seen only on the l:esl,
sl)ectl,oqrams.'llable I conl,ains the wave-Iengths of those of them, whose
rialitv'is ascerLained by measurement on seYeral piates. Fr.om lines, *lri.lt
remained unidentified we give the wave-lengLhs of such lines only which
were measured hy ol,her r-rbserYers in B stars.

The lines are ih ihe rnajority sharp and narrow, Lhe diffuse ones being
rnostly blerrds. The measuled rvave-lengths u'erc correcLecl for radial velo-
city usins tlre conslant value of -6.8 km/sec. as give[ in M o o r c's Ge-
Irerlal Caialo!'ue oI IlarliaI Velocities.

Thc l.ahle"contairrs the list of 197 lines identified rn'ith 27 elemenbs. Irr
column t is given the measured lvave-le.trgth, except for the Balmer.lines,
for rvhich lab"oratory waYe-lengths are giv6n. Column 2 contains l,he inLen-
sity esbimates on an arbitrary scale ranging from 0 Lo 10, the estimat'e 0

me"aning a line just barely visible. Coluninsi and 1r give the number of pla-
tes on fi,t ict the line u'ai measured aricl the cliaracier of l,he line respect,i-
vely; the abbleviations n, s, b, d, I mean: narrow, sharp-, broad, cliff.use,
u'itL'rnings. Column 5 conLains the idenl,ification' DoubLfuI cases are Eiverl
in bracl<el,s.

Lines of followins elemcrrts arc idenl,ified: FI, He I, C II, C III, (C IV),
N, I, N II, O I, O II;O III, A1 II, u\I IlI,-Si_LI_, Sj..III, Qi Ip, q IJ' IJII,
(d Iv), s'II, S III, (s IV), Ar II, ca Il, ca III, Ti ]I,_Fe,JI and Fe III.
' Frlim these - qr,it,e.u." is the idenlifical,ion $'itli H, H9 I, 9III,^N-ll,
O I, (alLhouglr Lhe ionizal.ion poLenl,iai seems to be somewhal, low) ,O IiI,
Si lli, P II; P III, Ar II, Ct II, Ti II and Fe III.

Some of 1,hese elements deserve special aLLention.
Ar II. The presence of this elemenl, can lle considered as.saJely staLed.

Frorn the 33 liries founcl in the specbrum, t5 cannot be idenLified wil,h other
elements ancl are clecicledly nol, blencis. In order Lo prove-l,his identification
a spectrogram of y Pegasi", rvhere [he presence oI Ar II is ascertainecl-i:y
n U n l b'o r n's cictaiied invesLigal,ion (1), \yas mcasured.. From 20 lines
rneasured in 1 Cassiopeiae - {B ivere found in y Pegasi rvithin reasonable ;

errors and only lr,vo could not ire deLecLed as supclposLd on the rvings of I'[.;

and H, .
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Tlie wave-lengths rvere Laken from tlie papers h1, Rosenthal (5)
and de Bruin (6).

Ca II. Only lJre K line is surely measured, H disappears in the wiugs
of H..Ib oannot be decidedly said whether the K line is of stellar or inte-r-
stellar origin.

Ti II. t0 slrong lines of Ti II are found; unfortunately some of them are
blends. The Ti II lines appear only on the plates taken betrveen Aug. 20
and Sept. 7.

Fo III. From the 23 lines coinciding rvith rrave-lengths given in the
paperby Srvings, EdIen and Grandjean (7)fouraredeci-
dedly not blends arrd cannot be identified with another ion or atom, namel;r:
44.76.79, 44L9.59, 5086.78 and 5127.32 The remaining lines participate io
blends, but in most oases Fe III ntust be the chief contributor. The piesence
of this ion in 1 Cassiopeiae is quite sure.

The folloN,ing elements are probably present in ^1 Cassiopeiae, but thc
identification is somewhat unsabisfactory for different causes: 1) The num-
ber of observed lines is insufficienL: C II, N I, AI III, Si II, S II, S III; 2) the
strongestlines are notidentified; O II, AI II, Fe II;3) the tines are observed
rnosl.Iy in blends - Ca III.

'fhe presence of bhe four brebly ionized elements: q 11r, Si IV, P IV and
S IV is quite uncerLain, no more than one or bwo lines being found in all
cases, antl the excitation potentials alrpearing ra[her high.

From other elements, possible in a B0 star, some coincidences were founct
for N III, Ne I, Ne II, Ar I and I( II, buttheywere nol,includecl inthe table,
as being probably due to chance. Special attention rvas paid to the detection
of lines of FIe iI and IVIg II, but the result was negative in both cases.

Table II gives the number of .lines of different elements iilentified in the
1940 specLrum of y Cassiopeiac.

TA,BI,]] II

NuInber
lines

H
IIe I
CII
C III
CIV
NI
NII
OI
oIl
O III
AI II
Ai III
Si II

I
I
2,
il

;
;
I
L
,,1

3
L

17
10

{0
6
I

30
l
I
I

20
22

SI III
Si IV
PII
P III
PIV
SII
S III
S I\/
Ar II
Ca II
Ca III
Ti II
Fe II
l'e III

i
N

u,

t1

I
6
I

:

t1

q

8

t6
I

L1
2
5
.)

2

Besides the lines, rvhich coulcl be more or less surely identified with
knorvn spectra, there remain 1-7 absorption lines rvhich cannot be attributed
to any element. In table III are given the wave-lengths of these unidenti-
fied lines, and the measurements by other observers when such data could
be found.
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'TIJ Ii 194 I SPIICTit.UIt

'jlhere ale few observar,ions in_194,1, these being done only on June 6,
1.8,2:1, J_u15,2, tt ancl sept. 12. 17._The 1oral nunr66r of spcctrlograrns is 25j
the ernulsiorls uscd arc: llasLmau Process, z\gfa-r\st,ro ana Agfal,tstro-paul
chroma,Lisch.

The spectrum- stronql_\- differs from i.g40. The presence of the shell is
rnanifested gnly by the- H* ernission. Ho.wev_err_one .may suggest, that jtrst
1,o the end of flre periocl of--observations, thc shell begius io alifiea.'anew;isojn. otlrc_r frequcrrcies.-o,l ! spccr,rograms takcrr qn Sepi. 12'thcrc is scen a
fuirrt,, buL ralher rcnl violcl, crnjssjorr c.omporrt,nt at il?; on the *rn,o Joy
on thrcc spec{rogralrrs a sLilI fainLer vjolcL emissiorr co-porenI ancl perhalis
also a red or)o arc seen-a{, Hr, 9, t,arlicr-specLrograms i verv faint'compo-
nent can bo found at H, on.July 2 ancl both emission compbnents at il;
orr JuIy LL. H^ shows no emission.

l['he absorption_lines a-re very broad and diffuse, no traces of central
cores bcing soen..observed arc only thc foilowirrg liues: lhe Balmer ,.ri"*f'onr I[;r.to FIr, (irrte.sity estimarei 2-B on thc I0 rleg.ee scale). l,.o- Lri"lrelium lines are measufed..o."]yll],^" diffuse tripleLs 3g?g, 4026,'?iil,;816
ancl singlets.:.3926, 4009,4144, aSSg, 1rg22. The'sharp series ti"., arc-btue-
vcrl rrncertainly and fro^m^thcse only thc triplel, linc til2l (orr 2 spccLrou.rrt
arrrl tLe singlet line 5048 (1 specLiocram). The Iines or.isi,,atirir;;,?'-;;
r,ctasLable levels,s,qlr,l :s:388g, 3g65 anit 5015 arc not of,ser.vc,rl iv.':..jg"on bhe absence of 3889 from the appearance of I{,, cliffering i" 

"o 
*uy'rioilllre olher Balmer }ines.

Ilesides the H and He I lines there are meas,recl in tire spectrum two
-v1qy']r_road, 

diffuse and faint blends yq trre^. follorviug ,"u"e-tu"gii,r,
464{-05+0.15 (5 spect"roqrams) ancl 46bA.44LO.Zt (g spcclorosranrs). whicir
gq11^01-rnLe_ryoted as. c.gqp-osiLc LIends o|O I], ]\ !! ana dItI, riamely:
{rq?9.86.O.1r, 464,0.6!_N rir, ,L64t.Bs O rr,464i.go N lit ro, the brend ai,,
4641. and 46r+9.15 O II, 21656.16 C III, 4650.85 0 tr,46ri.SS C IIt for r,hebiencl al,4650. Horve'er other li,es of these ions ur. rrot,.";.-C;;;.rifi
the lines of o II, c III and N III are ,ol, s[rong in B stars. oru ,rrry suggest,

r'! 
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lhaL the rapicl rolation of 1 Cassiopeiae renders them invisible and the above
mentioned lines become observable only owing to the closeness of their
nave-IengLlis. Besides, theyall belong to the strongest lines of the respective
;pectra aircl correspond to transitions of low excitationpotentials. The iden-
l,ification of O II and C III lines is quite sure, that of N III somer,r'hat less

uonvincing; in 1940 N III u,as not found in y Cassiopeile.
The t9Z1 spectrum of y Cassiopeiae contains a peculiar feature, which

lvas also observed on some spect,rograms of 19110.

Sept Oot

!020J0 I /929 I /9
lug
0

tuq Sept C,;t
290't0't030 I tg29 I tg29

+90

tB0

,70

,/0

-/0

-20

t /00

,60

t20

-.?/.7

-80

-90

-/00

-ilo

ltig. 2.Ilar.lial velocity curves fot' IIa and II1 (a) - redemission com-
porient, (D) - central al-,solption cole, (c) - viole l, e mission comportent.

To tlre recl side of l,he helium ltne 1t47L,l,here is observecl a diffuse broad

emission lvhich linds no adequate inLerpretation and *1lose realily may
ie calleci in quesl,ion. But it is apparently-too brighL. to be considered as

a contrasl effect, there being, besides, no absolptlon.lines,-which could be

.esoonsible f or iL, as all rltempts to find Lhc 1\'lg II lirre ler[ 1o rrcgaLive re-

sulis. T5e wave-lerrgLII of Lhis detail determincd fr9m.1-3 plal,es and con'ected

ior 
"adia} 

velociLy fiund fr:om the H and He lines is 4475.60*0.18' We could
fincl no adequate identification for such a line'-- 

t[lr sl,range feature reminds the red.emissio-n companion ol 4471 ob'
serverl bv S L"r u v e (16) and G i I l (17) !n the specl,rum of p Lylug il
ofru*.r n"car. Llte minimunr. Tlte conLours of this emission given by G i l1
i-L"i^;iL located nearly aL the same wave-length as in y Cassiopeiae. H.; aud

6B

(a)

(6)



H1 have jusl, similar contours in that, phase. While in the
there is no doubt in the belonging of this emission l.o He,
siopeiae finds no explanation.,

p Lyrae speclrun
the case of y Cas-

grams a f ainl,feature, which could be perhaps considered as traces of emission.
Asfor 5876- Lhe spectrograms of L9L1,arc rather poor in this region, and on
Lhose of 1940 nol,hing was found.

This emission feature is disLinctly stronger in 1941, and in i.940 seen
mostly in the epoohs of greaLer Lransparenoe of lhe she]I.

Ii is ext,remely hard Lo reconcile
such a helium emission with the for- 0!l J,:1t,;. fuct.
merly observed shells in ^1 Cassiopeiae 0144::__g_r! | /!_rr_
ancl, on the other harrd, there seem bo
be rio reasons to reje ot completely Lhis utnt

detail as an rrnreal one. Probably fu- 'gl
trtre observations will decide upon .6a
Lhis question. 

_ ru

R,.\DIAL VEI,OCITIE; ,60

In tho measurernen b of Llre 4 g40 ' nl

speclrograms setlings wero made on
tlre foltrowing structural cletajls of the '?[,
I-[ lines: t]re central a]:sorption coresT , t0
the emission components and the
faint absorption onis; incliviclual cur- 0

ves were ch'au,n for every detail. -/0

The physical interprel,al,ion of the -20
ahsorption components, especially -J0
of the red one, being rather difficult,
we hoped thaL the velocity ourlres
would throrv some light on Lheir ori- -10

gin.. While the vclocity ourves of the -60
emission lines agree in Lhejl Eeneral
rate lvith l,hese 

"of the centralo cores, -90

Lhe surves clrawn for the absorption -/00

components differ much from these -//0
unrloubted-ly relal,ing to the shell spec- -u0
l rrrm arrd looh mor,cover r.a Lher ulrcer-

A search for a similar defai} for 4026 revealed on some 5 or 6 sllectro-

l,ain. Probably thc supposcd absorpbi-
on comporrents are m.erel-51 some p_oinbs Fig. ..1. j\,Iean radial velocitv curvcson the lrroatI urrdellving lines of Lhe re- troni att Balmer lines: (.ry--l"i;i ;;;_'
versing laVer sl,rengitrcfie,l l-rv couLrast orr cornlorrerrt, 1t,1 - "jnir,af af 

"oriiiin,,rvith thc rieighbouring emisJion lines core, (c) - violet, entission compoire nt.
arrd havc no inrlividual plrysical signi-
f icance. Ir-or l,ha l, reasorr wq do not reproduce here the curves f or the absorp l,io,
compont:nts. These for the emission components antl cenl,rat at *oritloii
cores are shown on Fig. 2 for H; and Hl respectively.

Tlrtr shif Ls of the emlssion litres are rtisl-iirctly^dcperrd6nL on rvavc-lcuqb;.'l'he rneal yalues corrected for the velocity as given by the ce"trat also.pi'lr^
cores are:

IIr
I{s

II"
IIi

}lm. Y ll]rn, R

. .-78.512.1 +s4.5+3.6
. . -S'1 .7 t 2.\ J S,r.4 T J.5

Iln. V nm, It

. .-98.613.r f89.2tS.3. . -125.8 t 2.9 +124.5 !9.2
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'Ihese values, if in [erpretecl as tlie eflec t, of ro bational broaclening of
l-he emission lines, do lot agree tviLh theor;,, l,ire change lr,ith lvave-lengLh
being much greater thau cau be causecl by rotatioii.

In Fig.3 ale qiven Lhe mean curves for all Balmer lines: t,he curves for
1he emiss"ion lirres"are drawtt for Hr, - H, , tlrese for' llre cetrLral ahsorpLion
for Hr, - tlr, . AII curves reiating to the ied emission componenl, are rather
uncertain in vielv of the extreme faintness of the line.

The inspecl,ion of all the clrryes shows thal, l,he star is subject to irrer-
gular fluctuafjons in radial velocit,y of relatively short dttration. The rnaxi-

0 /9 29_
rtoi
0t0

,t€Ft
20 ,?c I /9 29

,20

., /0

-t0

40

Iiig. 4. Radial. r,elocity curt,es lor !I and He. Ileavl, cr-rve, rlots - II
alrsorptio, "*:ni1,":ff'.'r'I'l 'ig'i:i; "' P--D lines'

mnm vclociLy of approach lalls just in the periods oI tlrc rlissipatiorr of llrt
she}l in l,he beginrring of SepLember and October. The uegative velocil.y
maxirnum abouI Aug.25 is apparenLly not connectetl uitlr spccLra] cha.nges.

As for the lrclium lines, we have drawn.separate curves for llrc diflusc
ancl metastable lines (3889 and 3964) whicir are shorvn in Fig. 1r l.ogether
u,ith the hyclrogen abiorption cores cuttYe. A11 three ctirves aile simi-lar jn
shape. Tha:t, coiresponding to Lhe meLastable lines is sLrongly shiftecl 1o

greater neEative velocities relatively to the reversing layer curve represenLed
fiV the dj{"fuse series lines of IIe, the difference rciching maxjmurn in l.lrc
periocls of Lhe tlissipaLion of thc shell. Tlre lrytlrogen cot'es curvc is more
close to the reversing layer cul've; the difference J:el,lveeu them, although
very small, appears to he real. These curves indicaLe cleariy that the meLa-
sta6le helirrrn iines originate in a higher aud more rapiclly moving layer of
the she1l than t.he hydrogen ones.

Tn 794L the velocities were cleterminecl from l.he hvclrogen ancl helittrrr
(P-D) )ines. They are given in Table IV.' Altirough Lhe nreasureinent is cliffjcult arrrl rrncer'laitr jrr vierv of Llre dif-
fuseness an-d great u,idth of the lines, the argreemeuL of separat,e spectrograrns
taken cluring-one night is raLher satisfacLor,v. 'I'he scarcit,y of observat,iorrs
does nob allow to drarv a cllrve.
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Witliin the limits of accuracy of radial velocil,y deLerminal,ion for a B0
slar with broacl ]ines, the velocity of y Cassiopeiae bel,ween Juue 23 and
.Sept. t2 appears to be constant. Bub observations dotte at June 6 yield q\r_itc

an'outsLanciing figure of *t{0.8:L4.0 (3 spectrograms), wliich may he called

TABLD IV

X 9'rl Junc l3
July 2

Jul1.1t
Sept.12

-l- i. 8 hm/sec

-F 17.6

-1- 21.2

+ 1,i.?

+ 1.0
-f- 1.0

+ 1..2

+ 0.8

2

lL

5

5

in,question. Although two other spectrograms !gk-e1 during-the same night
and rejected in view of overexposure give still higher values of positive

'velocity, we oannot affirm the reality of this valuel the,star was observed
.in.June in very great hour angles, and instrumental cause,s may.oocasionally
'strongly affect t-he result. Be[ween June 6 and June,23 we possess onlyone
deterinination of radial'velocity on June 18 -L3.8, derived from one speotro-
gram and thus quite unoertairi..The,outstanding value for June 6 mrrst be
controlled.
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CIIEIITP y CASSIOPIiIAE s 1940 u t94t rr.

B. I'A3E
3nesga Ha6JrloAaJracr, s Cr,Iiueuse c 5 anrycra L940 r. rro L7 cenra6pa L9ttl" r.
,{;rr crreHrpa 1940 r. xapar(repHrr rry6oxlre !r peBHr,Ie JrrrHrrr{ rrorllolqe-

rrr,rt{ BoAopo4a c rouxr,rMr,r r,,r cna6nrul( aMr{ccrrouHr,IMr4l Jr[IHr4flMrr c o6enx cropolr..
Orr,r ;rnulrr,r o6oro.rxr4 BBeBAbr IrartJralbrBaloTc.E Ha Iluponlre I,r pa3Mr,rrrre Jrrr-
rrrrr4 lrorJrorqerura o6paularcqero crog. Oqeub cr,rJrbHa Meracra6laJrbHafl Jrtr-

uns reulrs 3889.
Ha6urOgerura O6uapyinuoarOr . HeyCTOftTIIIBOe COCToflHI{e O6OuO.IHlr.

Ao 4 ceuralpn cuexrp 6onee unlr MeHee uenaneuurul; 7 ceuta6pfi Jrlluulr
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B0A0p0[a U reJrrr-E peSr{0 MeHflmTcfi, craHoBflc6 pasNlbrr];n{rr, rr crpynrypHbre
Aerairr{ [porraAalor. 13_ceura_6pn clenrp BoaBpauaercfl K npe?r{HeMy Br.rAy.
I4aueueulrn Hor{rypoB JJ', rr Hr uoxaBaHbr ua {rur. t. Ilo4o6uafl ?r{e HaprrlHa
rra6nro4aercJr r,r B HaaraJre onra6pa.

Itporrre BoAopoAa lr reJrtrrfl, R clenrpe 1 Cassiopeiae r{a6.rrroAarorcq t7t
cila6afl JrrrHr{fl, oTo}r{AJcrBJreHr{e HoTopbrx AaHo n ra6lnqe I. Psn cra6brx
;rnuur,l yBepeur{o oTo}r{AecrBirfleTc.E co cnexTpoi\{ Ar IL

B L941, r. cnenrp r,rMeer coBeplxeHlro Apyroft Br{A: Ha6Jrio4arorcrr roJrbno
[r,rpoHrre r{ pasilrbrrbre Jrr,rHrrrlr BoAopoAa lr gu{syauof,r cepulr reJrrrfl. XapaH-
repHafl AJr.rr o6oJroqHr uetacra6lurbHarr Jrrrrrr,r.fl reJrr,rfl 3889, rait ?rre HaH lr 3965,
He Ha6ilIogaerc.rl. flpr,rcyrcrnue o6oJro.rfirr Bbrpamaercfl Tclrr,Ho B aMr,rccrroH-
noit rr,rulrrt Ho I nog HoHeq rrepr,roAa ua6;rrogeunr,i no-sBfi.Erorca cta6r,re orrnc-
cr{oHHbre crryTHr{Kr,r y H9 u H, .

B cnentpe L94t r.6otee crarr,ua ua6nro4aBrrraflcfl y s L9_40 r. paBr{rrrafl
DMr,rccr,roHHafl AeraJrr, c npacnor,t cropolrbr oT JrrdHr,.ru reJrr{.tr 447L, gn.a Horopoft
ue rIaxoAr.rrcff ygoBJrerBoprrreJrbHoro o6rncueuun.

Itpunr,re ryr{eBr,rx cHopocreri qna 1940 r. [pe4craBJrerrbr rra rlw,2,3 w 4,
Cxopocrr BBeBArI rroABepTltella HparftoRperlreHrrr,rM rd rrenpaBr,rJrr,Hr,rM r{3Meue-
Hr4flM, IIpuqeM MaKCr,rMyM orprdrlarerrbuoi.i cxopocrr{ coB[aAaer c rrepuoAaMrr
.lrcqe3HoBeHufi o6oJroyHu. I(pr.rr:an cHopocrert, noryqeHHafl no ueracra6uus-
HLIM jrrrHr{flM rerrr{fi 3889 ra 3964 (tirr,rr. 4), anavr.treJrr,Ho cMerqeHa B cropoHy

' 6otmurnx oTpr,rl{aTeJrbrrlrx crtopocrer.t ornocrlTeJrr,uo HprrBoit, coorBercrBylo-
ulerl nrauunu 4lrr{rr[yauor,i cepr.rrr reJ-rurr. Oruocr,rretr,Ho r{pr.rBoit, nocrpoenuofi
rro JrraHr{.EM BoAopoAa, DTo c}reil{eHrre nreHr,rJre. Ha6lro4aeMoe cMeuleHr{e
yna3blBaeT ua o6paaonaHr{e MeracTa6urr,Hbrx ,rrr,rnr,rrYr reJrr,rfi s 6oiree Br,r0oKrrx
u 6r,rcrpo ABlrffiylru{xcfr cJroflx o6orovnI,t, rleM Jrr,rrtrtrI BoAopoAa.



BI.'FECT OF THE CONVERGENCE LIX,TIT AND TAIL BANDS.
IN THE SPECTRA OF CARBON STARS

C.SH/JN an(l V.HA,SE

^ _ In th-i,s paper is treaterl chiefly the problem of continuous a)rsorptior in the spec1r,1
of N ancl R stars in connection rvith the existerrce of a convergence linrit of hancls in s-omc
sequerlces atrd also of the tail hands. The discrission of the observed and. theoret,icat data
leads to the conclusion that t,he rvel.I linown gap in the continuous spectra of N anci Ii
stars as observed in the regions of the sequences fl and 0 of the Swan system are rlue
to_ the overlapping o.f banrls of C_, and t,hai there are no evidences in favodr of any sen-
sible r6le ol [he tail hanris jn b]ris phenomcnon. It is shown tha1, the identifica[ion ot
the convergence iimit of the sequence 0 ol C, wilh the riniclentified band 4976 as declarerl
llv Wurm is no[ correct'. Also Wurm's idenLifical"ion of the convergence lirnit of the se-
quence -[1 with the uniclentified hand 4642 seems [o ].re unsountled.

At lrresent u,e have no clata to speak al:out the identification of the tail bands oll(lN in the N ancl Il, spectra. There are no evidences in favour of that ttre tail hands o{'
CN areresponsible for_the well linown faintening of the violet region in N and R speoil'a..
. _lhe qrrestion on the conv€rgenoe limit and the tail bands oI the oxydes and hydritles
iu Il and S spectra is practicali.y to be droppecl.

A'1, very low t,emperatures $,hen the ionization is reclucecl to minimunr
and l,he usual facl,ors of opacity of the aLmosphere (interaction betweerr,
ions arid elcclrous, neuLral al,oms and elecbrons) are gradrrally disappearing,
t,hc rrllc of conlirrurius ahsorpt,ion due to moleoules ilay becorne imporLarrT.
Separate regions of molecular conl,inua more or less wicle must determino
Lhe complical,ecl dependence of the general opacity of the stellar atmosphere
ort nave-length..The characl.er of the funcLion r, musb sl,rongly influence
the energy disl.ribul,ion in the conl,inuous spectrum of l,he st,ai.

The sources of conl,inuous absorption for molecules may be different.
one may speak in the general case on continuous molecular absorpl,ion
connecl,ed with transil,ions rvhen one or both of the combining statei are
characterised not only by discrete 1eve1s, bul, also by a contin-uous sel, of
energy levels infinitesirnally differing from one another. For instance, the
conbilluous absorption bevondthe limit of vibral,ional series is Lo sone ex-.
Lent analogous l,o the coul,inuous absorpbion beyond the limits of atomic
series. The conLinuous absoi'ption of some molecules is determined by l,he
currre of -potenl,ial energy. One may speak also on special absorption by
quasi-molecules trealed in astrophysics by L i n d b I a d (t).

Laboral,ory data concerning Lhe continuous ahsorption hy molecules.
important in astropbysics are ial,her scarce (2). This absorptioi lies mosLlv'
in the far violet, or ultra-r,ioleL region. For insl,ance, the well known ancl
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easily rcceivetl in labolaLor), conl,inuous specLmm of the hyclrogen mole-
cLrle cannol, allpear in absorpl,ion in specl,ra of X,I, S and N sl,ars in clnditions
of thermoclynamic equililtrium.

At the moclerate and small dispersion generally usecl in asbrophysics,
rvhen Lhe rol,ational structure remains incliscernable ancl the vibraiional
l-rands themselves of one or different sequeuces and systems are rabher close,
there can be formecl clepressions covering more or less x,ide regions of the
spectrum. Such are, for instance, ral,irer rvide regions in the visual part of
the late subclivisions of type M. Hornever in this case the most outstanding
band heads are lvell seen and it is easy to c,xplain the depressions. But iL
is a difficult maLter if tlie l:ancls are faint. For insl,ance, the region 4000-
111+00 in the specLra of Me stars sh.orvs a sort of inversion in the eriergv distri-
huLion in tlie coutinuous spectrum; the latter consists in thab the intensity
ral.io 4340,i4100 in tlie continuous spectrum does not increase but lather
ctecreasesfromNl2eto 1\'l8e(3).InNand R sbars are well knorvn gaps of about
100 A towarcls shorter wave-Iengbhs from 4737 , 5165 a. o. Depressions of
the latter type rather limitecl in width deserve aLtention particularly from
t,lie point of view of possible criteria of spectral class and absolute magnitucle.

In the preserrt paper we are tleal,ing chiefly the problem of con[inuous
absorption in connecbion wiLh bhe existence of a convergence limit of bands
of some sequences and the so called tail bands, i. e. bands rvhich turn bach
about the convergence limil, and proceed as a diverging sequence in opposiie
direction. W u r m (4) who rvas the first to set this problem in astrophysics
emphasizes bwo points: L) The identification of the convergence lirnit of the
sequences 0 and f t of C, rvith the unidentified bancls 4976 and 4642 found
b-v Sanf ord ancl Shane inspectraof NanclRtypes.2)Theimpor-
l.ance of the rdle of the tail bands in the we]1 known faintening of l,he violet
region in N and R spectra and in the change in energv distribution in t,he
.continuous spectrum in general. Wurm finds it also possibie to attribute
a similar effect in i\'I type spectra to the oxydes and hS,dricles.

'As concerns Lhe identifical,ion in quesl,ion Wurm is speahing in a cal,e-
goric form: <rDie nach rot abschatbierte Bande bei 4642 ist ziveifelsohne die
l(orrvergerrzstelle tler bei ), 4737 beginnenden Banclenserie L<t : *t des
Kohlcnltoffrnolekrlls. Enl,sprechendes"giltfiir die andere tler zrvei sbiirl<eren
I]anden bei ,). /1976,.telche die KonvergenzsLelle ftir Az :0 darsl,elltrl
(i). This sLaternenbof Wulm isqrroLed in'ihe morrograph by 1\l e r r i I I (6).

In vieu, of.tlie importance of ihis staLement in bol,h its poiuLs, espec,ially
the second one lYilh its far going consequerlces we find it necessar)r to re-

l,iscuss tlre rvhole quesLiou, moicovcr LhaL W u r m' s cotrclusions appear
on our opinion to be unsounded.

The value of l,he quantum ntlmber corresponding to the couvergence
iiniit is approximately computed, as knorn'n, by the lormula:

v toltu
L)"t 

-rrorr -2(a'-u")l
2 (:rrt art -rr'' *r" )

Favourable couditions for the formation of the convergence limit and
-l.ail bands are: a small change in o, and a possibly greatel change inru a".
From the numerous bancl systems knowrr these conditions are satisfied but
ver, rarely. Until recenbly tail bands rvere found in laboral,ory only in three
.u*.s: CN"_. seqrlellces 0"and -t-t of [lre violet systiem, N, * - sequences

+1, +2, ..1i',, -14 of. the negative sys{,s1n, CaF-- sequence f t of the
o.arqe svstem. I1, was also sugfested that the four bands aboub t834,-L997
,0.*ritly"folnd hy F o x atrcl ii 

" 
r rb e r g (7) may be tail bands of Cs.

7,4



Irrom all molecules hnorvrl in stellar spectra CN ancl C, are the rrrosl
suitahle for the detection of the corlvergence iimil, and tail bands. We shall
consider first l,he molecule Cr. The computed values of the convergence }imi[
for l,he sequences f I ancl0 are ).4654 (8, 7) and f 4988 (10, 10) respectivell,.
'llhe effecl, of I,he tail bands may manifest itself in the {ormal,ion about the
ooJivergerlce limit of a ltlore or less rvicle separal,e band; besides this the
tail bands can cause a con[inuous absorption due 1,o the overlapping of ihe
separal,e.bands-in acldil,ion to lhat of bhe ordinary bands in Lhe same region.
Irr Fig. t are shown for illustration the computed positions of the nulllines
of the ordinary and tail bancls (dotted lines) for l.he sequence ft. It is
urecessary to analyse t,he cluesLi.on wheLher the bands ab the conrrergelloe

----_Q,E
I
I

I

I'i.9. 1. Convergencc lirnit ancl iali banrls of l,he serluence 1I of Cr.

lirnib of Lhe sequencgs --i-1.- and 0 can form a nor,iceable cletaiJ in the spec-
l,rrrm andwlretherthis detail can be iclentified with bhe bands 4610 and igTg
r.espectively, found bl S J, a n_e (B).-and S-a n f o r d (9) in N ancl R spectra.
AnoLher qr"resLion isrvhether tlie tail bands cau rcally he of any importalce
in the formal,ion oI tlie sl.rong depression observed in these sl,irs i1 the rc-
gion of the sequenccs f t and 0.

To answer these rluesbiotts oue must firsiJy consirier the relal,ive i1l,en-
sity of barr,is witlrjrr tlrc given seqlrerrco. We-gIvc for Lhc salre of itlusti.u-
l"ion in Fig'.2.Lhe,band head scheme for C, where r,he numbers in ordinar.r,
'[yperepresenl,the laboratoryinterrsiLies,according to Pearse ancl Gayclon
(40), ancl the numbers in italics denol,e the inl"eisity estimabes of bancls on
thr',.Simeis specLrograms of 1g Pisoirrm. Such esLimates of intensity, espc-
cially u,hcrr Lhe hands parLly ovcmnn, arc hutroughlyapproximate. N.r..-
tholess exLrapolalion- allon's to geL sonre idea on ihe-intensiLy of tlro
lrnobserved bands lvith high rluantum numbers. From the other part a notiori,of l,he relal,ive intensit;y of bands mav be got on the basis of H u t c h i s-
:s o. 1's. theory (11). In any case nobod;, seems to have surely observecl
neither in laboratory nor in stars bancls N,ith quanlurn numbers hiEher than
-(3, ?) and (6,5) in the sequences 0 and f I respectively. we shall consider
irr Lhe liqirt of .these and oLlter data Lhe gap ir LIre continuous spectrum of
rrbouL 100 A wide ohserved in the regionicovered b.y the bands of the sc-
([u0noes -f 1 arrd 0. Whelcas thc -limit frorn tde longer r,v-ave-lenEl,]rs
aL 1*3i7 is sharp, tlre violcl. linrit, about 4645 is much worseilefined. How6vcr
t.he continuous absorpLion may be followed up to 4620 A especially in the
lal"er speobral subdivisions.

'l'he firsl, four vibraLional bands (1,0). (2,1), (3,2) and (4,3) cover a re-



distrib,,rtion of iritensity r,vithin the limits of this sequence.'Ihe photo-
graphs, and stili belt,er the mimophotograms (Fig. 3) shorv welI
l.he sbrong absorpLion upon which are superposed more or less distinct sepa-
rale bands and other cletails relating mostly to blends. Besides one carl
marh upon the same baokgrouncl a lvide maximnm aboub 4668-469i.
Some noLion on the minimurn rvidth of at least the first band (1,0) may bo
gol, from the fact that the inLerval of.22 A rvidth betrneen (1,0) arrd (2,1)
is fillecl r,l'il,h slrong continuous absorption. This cannot obviousiy be ascri-
bed neil,her to the influence of the isotope bands (1,0) and (2,1) nor of the
Lail bands, as the conbinuous absorption is abruptly cut off b'eyona lhe head
(1,0) to longer s,ave-lengths. Considc.ring the general rotational structure

Iig. 2. Dislribut.ion of intensity within the Suan sys-
te,r or c2' *"xili,::;;,t';ffi,t;'pe-laboratorv'

of the band (1,0) ancl especially the fact that the absorption is strong at tlur
clistance of 22A fron l,he head, one rnay think that it rvill he still sensible
aL 40--50 A from the heacl or erren farther. There are reasons to think that,
the first three bands of this sequence do nob differ rnuch from one anotherr
in inl.er:sity in N type stars. This observational fact is confirmed by theory.
In the lighl, of tliese data one may expect that the corrl,inuous absorption
is quite sensible at a distance of 100 A to the shorter wave-lengths or even
rnore. This conoeption allolvs to interpret the general picture of the observerl
oon[inuous absorpt,ion as a result of overlapping even of the four first bands
(1.0), (2.1), (3.2), (n.31on1y, although the bands (5.4), (6.5), no more obser-
vect as separate cletails, rnay also contribute to the absorpl,ion. There is
no need to have recourse to bhe tail bands for the explanation of this phenorrre-
non. In any case one cannot conclude from the observed picture of the coni,i-
nuous absorption upon any influence whatever of bhe taii bancls. Undoubtehlv
the absorption extends beyond the convergence lirnit tornards shorber wave-
lengl,hs and this cannot be due to the l,ail bands. Obviously also the overlap-
ping of the tail bands to the red from the first hand does not, affecl, the conli-
luuous spectrum. The same considerations holdr-perhaps in a much higher
tlegree, for the sequence 0. Shorbly, bhere is no eviclence u,ha[ever in favor-rr
of any influence of the tail bands on the conbinuons absorptiorr
observed in the regions of the sequences f t and 0.

76

,Y.. 0 2 ,? 4 5 6 7

c ,0/
ta

\
t0 ,t

,\ 6
6 d

4

c
2

3 0

I B 3 I

3 4

2

t7 4
2

!

4
J

I {,t 1> 2

D I

6 ,



If the t,ail bands affect in arly way l,he ohseryed conl,inuous absorpLion
or eyen are responsible for ib, the maximum effect should he awaited abouL
Lhc convergence limit. As seen from Fig. 1, there must, be formed a separaLe
more or less wide hand consisting from-the bands (7, 6), (8, 7), (9, B) inthe
sequence -l-t and from (8.8), (9.9), (10.10) in the sequence 0. l'he compu-
Led values of the convergcnce limits for the serluences -i 1 and 0 are 46b4
and 4988 (null lines), but thc observed positions e\ren of the heacls of
the hypothetic bands may be greater than the theoretioal value in c0nse-
quence of the clustering of bhe ordinary ancl tail bands about tlie conver-
gence limib. Thus it is far from being evident ndiat values properly are to

7716. J. Region of the sequence -l-1 oI the Srlan s1,stem.
(a) - le Pisciurn, (0 - ""t?ffj], 

(,) __ \' Canuur Yerrali-

be compared .,vith observations. Moreover iL is not evident rvhebher ttris
band would be shadecl to the red or to the violet, there will be rather
no shading_ at all. The wave-lcngth of the band observecl by S h a n e and
altrib-uted by -Wurm to the sequence ft is 4,61t2. It is wbrthy t,o note
that sanf ord, rvho_was_ in pcssession of a far better matc.rial, cloes not
rnention of any new band in this region at all.
- W_u r_m comp<lr_ed the reproductions of spectra of N type stars publi-

slred by FIale, Ellerman and Parkhurs L02i rvith the'laho-
ratory.specl,rum of C, (J_ g ! "l o n ) (L3) and found that the sequence *f-t
<zeigt' in Emission die gleiche strukl,ur, wie dieselbe Gruppe in Absorptionin den ersLen Un(erklassen von ND.

In reality l,he picLure is as follows. For the firsf six of the seven stars in
the abovementioned repro_duction the limib of continuoris absorption 1i.es
about 4646 and this detail may be regarded as the limit of continuous al:-
sorpLion in the earlier subdivisions oI type N. As conocrns S h a n e, s
band at 4642, this delail looks generall.y as a more or less orclinary line,

77

.t



ancl only in the spectrum of Y Canum Venaticorum, and probably in 1he
later subdivisions of N in general, can be considered as a band. On the Simeis
speclrograms there is obscrved in the nrajori[y of N spcctra a dcLail lool<irrg
lilie Llre limiL of absorpLion aL 4646 and another narrow dctail cenLererl
about 4640.5. Apparently, nobody identifies the detail 11646 with a banrl-
By Lhe way, it is rather strong in K and NI type stars, but here it may be
probal:ly aLbributed Lothe low temperature line of Y 461+6.4 (E. P. 1.06) and
possibly to other lines. One has the impression that the Iimit of conbinuous,
absorpbion can be marked aL4646 in earlier subdivisions and a1,4642 in thtt
later ones. Horvever in both cases the continuous alisorption can be braced far-
l.,her tor,ards shorter wave-lengths. Theref ore one can give no def initive ans\\'er
rin the presence of the conyelgence lirnib and il,s identifical,ion rvibh the
hand4642, LhemorethatSanf ord, u,ho hadal, his disposal arrole
riclr material does not mention the band 4642 or 4646.

As concerns the sequence 0 the answer is definitelv neqative.
IL is l,rue that the bancl at 4979 (according to S h a n e 4,976) isreal iirrcl ra-
l,lier strong especially in the later subdivisions of N. Bul, in these sl,ars l,lie
hancl 4979 is accompanied by the band /1868 (and perhaps also byoi,herones)
having no relal,ion ab all to Lhe convergence limit or to sepalate tail iranr'ls.

Fur[her it, is hardly possible at aII to mark any vio]cl, lirniu of the conbi-
rlr.rorls absorpLion in N spectra. For clifferenb stars bhis <limitu - if onc rna1,
cver sprrah aboul, - is different: wo can menl,ion several <limitsrl, for irr-
sLance abouL 1t920,4825.In speclra of sLars lr,here the bands 4979 and 4868
are sLrong, they look as isolabed cletails on the background of a sensible conti-
nnotr$ absorption. There remains no clouhl in thab these bancls bear no rela-
i.iorr to the IrypoLhctic corn,ergencc limit for serlucnno 0. AnoLhcr argumenL
ngainsb LIrc supposiLion of W u r rn is ihc stengLh of 4979. If the birrrd aL
./r,979 were due to the hands (8,8), (9,9), (10,10) x'e u,ould also observe
as separafe details the bands (4,4), (5,5), (6,6), (7,7) and probably the tail
bands (Ll,'i.1,), (12,12)... But this is not the case, onlythe bancls(0,0), (1,1),
(2,2) and (3,3) being observed as isolatecl detaiis. The conLinuous spectrurn
immediately beyond the head (0,0) towarcls longer rvave-lengl,hs is frc:e
from continuous absorption - this wouid not be the case if l,he tail bands
lyere in any uray sensible.

W u r m pretencls to find a strong argument in favour of l,lie exislence
of Lhe (lonvergence limit for the sequences ft and 0 in tho lilceuess of
the general picture of the emission specLrum of C, (J o h n s o n) rviLh l,he
absorpt,ion observed in N and R stars especialiy near the conrrcrgence
limiu. lfhis likeness is not convincing even for the sequence -f-t because
the limib of absorpLion, as shown above, is different iu varior-ts subcU-
visions of N and moreover the absorption extends beyoncl the ool)\rel'gence
lirnit in the later type stars.

As concerns the sequence 0, there can be hardly spohen ol artv
likeness, at all. In the laboratory specbrum (J o li n s o n) tlie violeL limit
is ctistinctl5r defined about 5070, i. e. it differs ]:y about 90 A from bhe oornpir-
1,ecl value of the conrrergence limit. W u r m ascribes Lhis enorrttorrs dif -
fcrence to underexposure on the phobographs by J o h n s o n. Bu[ in rea-
liLy tirrr bands looir unresolved on J o h n s o n's phol,oglaph ancl Lhis-is
ralher a testimony of overexposure, which is perhaps no jess, l,han for l,he

sequence f 1, the more that the intervals betrveen scparabe bands of l,lte

0 sequence are approximal,ely by 1.5 greater than the respecl,ive ctistances
in the riequence +1.

But even if in the }aboratory spectrum the emission reached l,he oon-
vergencc limit, Wu r m's argument would still remain groundless as in
blie"stellar specl,ra the continuous absorption extends beyond the conver-
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gence UmiL more l,han by 100 A. There are definitely no inclications 1r.,ha[-
grel,on the pre.sence of a convergence limil, and tail-bands for the sequencg0. The identification of this "<rconverEerlce limitri witrr the obic"r,..l
hand 4979 seoms the morc doubl,IuI, if o"nly one does rrol, snppose the corr-
\/ergerrce limit to- be maskecl here by the superposition of some adclitional
ahsorpLion of .unknorn'n origin. Irr view of thc uneyen charac,Ler o[ conti_
nuous absorpLiorr in Lhis leg,i.ol oue musL reckon wil.h l,he possibitity of suclr
arr absorption' BuLeven in-Lhis supposiLion rvc coulcl not fintl anv irpumort.
irr lavour of Lhe idenLilication of 4g7g wiLlr the converEence limit;. D'--'" "

-- The strengthening of 4979 and 4642 observecl in fhter su]:cliyisions ofN, besides in severaL stars only, does no1, sl,ill be an ar,gument in favor,rrof 
"1,he 

hypothesis under consideration. This correlation" is not eviclent,
and in any case no mole evident than that between 4g7g and the ban,r as6g,
borring rro rclation to the convergonce limit or to 1lre tail bands. OrL tlrcqullo naLuraI assutnplion thal tlre advanced typc cor.respontls lo Io5er lcnrpo-
l'atrrre r,l'e must expccb, in corrseqrrence of ii'u t c hi s s o n,s ilrcorv- a
sllcrrgLhcniirg -o[ llrc gratlienr, uithirr LJre gir.or s0quorrcc. For instJr,c,,.
we mttsL lravc fol'lhe firsL.l'our lrards of llLe seq,rclco f I irr omission llrirratio: 1.00 :1,23:0.79 :0.83 aL Z, : 1J000' aiia 1.00':0.86 :0..:O :-O.Z-i
1L^.T 

: 2000" respectivel),. Thus the ohseryed strengtherring of 4S7g ;;j
4642 - if these hands are_ supposed to represenl, the'converfre.ce limil,s _is in conLracliction rvith theory. However- this contradicLiol carl certair.rlrr
lrrr. e,xplairro,I by Lhc considcrable srreng[hening ol the bantls ln tr,c 

"l-1,,,r.

iuhdiyisigrls,orvirig 1o Lhe highcr abundince of t"hc c, moloculo, i" g.,,nrnl,
or owlng t.o.t,he lorver_tenrperaLure, or l,o bol,]r causes togel,her. Bui it jJ
Lo.be kept in mind that the.changc of temperature as fincl,iol oi-rlr";.;i
subdivision iu N stars remains stlll a rather obscure mail,er (see c. g. iri"classification of the carbon sr,ars by Keenan ancl'M;'r!"";)
(14).

One musl, notice by the s,a)r that in the schematic figure gi\,en by W u r m(15) ttre barrds are representeil,by verr,ical Iines, whoi" ruigtl, ir'i".r**l^g,
:i1h^r1r,*:r.:i1-S_ Ayaltum nunrbeil the apparent r0Ie of th8 .orrurg*r.u lilmil and tail barrds becomes espccially cmplrasized by lhis mannerrol drau._
llg .rrd the disproporr,ionality of_ tlie horizonthal icalc also ;trur;iil;*
l$:-l:::sio, to sorne exteni. t'tre scheme-represented i" nig. i ,+ iiii"paper grYes a mol'e tlorrect impression of l,he effect of the converg'ence iiniit-
. ]v u1_,i pretencls also to find the con,.erge,oe limit and tail bancls
i.t^*" violeb s1'sl.Lrt "i 9N in tlre R speclra. _nGafiz,lcurliclr,,to* a., C.t,[p*
i1590 cine gulrzc Atrzahl von Banden r-orgelagorl, isl". Dicso hahel in ilircr.
Anordnrrrtg .garrz {lnn Charakter der l,aiI iJanEcn und sinI sahrscheinliclr
,1ir:1!irtenLischu. (16).werecallthatthefivefirsthandsof the seque,ce -f ttre rvrth,r 

-10 1\ appr.gximalely beLween 3580 and 3b90. withiri the sanrelimit m,st be lJ-4 tqilJ:ands and only the next ones 3603 (g,g), 3629 (t0,bj,
and .3658 ({4, '10) rvilt lie outside rhe inrerval B580-3bgb.' iV u , ,rr, , .orlclusion is ]iascd on the.ge,eral impression from l;he photofraph by s h a n e(17)rnhich is of so lorv diJpersion that it is difficulr, t'o mari-oi, it iry an:tuit,wiLh some cor'tairrtv. Coirsiclerirrg l,lrab LIris part of Lf*,rr..trrrnr conl.airrs
3.gre.at numlro. of atomic lincs a"ntl that W u r m lrad nri rvar.c-Ien.llrs at.his disposal, we musr.recoglize his iclenlificar,ion ,r tri. iuii rr.",r,;-;?;.1;
rrnsounclecl. As cotlcerrts [he question of the existen.n of ttin tail balcls oithe sequtnoe 0 iL cloes not arise ab all. The t.rr.nn.o"u tiil.o nru [.o rnal<econclusions $-haLer.er on rhe rdle of the tait bands ir :tt. iri.rtenino of the
con.Linuous spoclrrrm over wicle rcgions in rhc liolci ;;,1 ;iir;;i;iir,-i"" xand ll,specLra. '.llris is, in particura"r,, insrrilring .ortrrai.iion wirh the facbthat while thc cN hancls in N stars are at leasfono[,i"org... tlru" i" n oir.r,
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Lhe enormous faintening of the continuous spectrum is seen only in N
.stars or is at least incornparable irvtir rvhat is obserred in R stars.

Finally, cine must noLe thai W u r m finds possible that tlie effect of
the convergence limit ancl tail bands will manifest its'lf in the spectra-of
oxydes ancf hydrides in M ancl S stars. All,hough the bancl-hcads formulae
for the molecule TiO, for instance, are not accurate, but if used for tlie
compul,ation of the quantum nnmbers corresponding to the corvelgence
limit l,hey leacl for different syslems of the'liO moleeule to very high va-
lues of the quantunrnumber r')>50 inthefarinfra-red. The same liolds for
other oxycles and hycirides. Thus tlie question of bhe conyerg3nce limitanrl
tail bands in M and S spectra must practical)y be dropped.
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O III'EAEJ]E CXOATINIOCTYI 14 XBOCTOBbIX ilOJIOCAX
B CrrEI{'fPAX vlJrEPOAHbrX 3I]E3X

r.ulAtvuuB.rA3E
R nacrosrqcii pa6ore paccMarpr,rRaercFr rrraBHLIM o6paBoM Borrpoc o He[pe-

pbrBHOM rrour0[Ierrrrrr B SBesAaX N r,r R B cBfrsr{ c oyqecrBoBal{r{eM rrpeAeJra cxo-
Jlr{trrocTtr tr TaH HaSr,rBaer{r,Tx xBocToDEIx IroJroc y lreHoropElx IocJreAoBaTeJrbrro-
crr)it.

,{racxyccur Ha6jrrol{areJrbHblx r,I Teoperl{alecltlrx AaI{HbIx tIpLrBoAtrT H Ba-
nJrroqerrr,rro) .rr:o ocra6neHr,re IIelpepEIBHoro c[ertrpa, Ha6JrIoAaeMoe B BBeS[ax
rr{[a N r,r Rs o6racrr.r [ocJreAoBarelrr'rocteii fL n 0 CsaHoBoiicucreMbl
o6r,gcnsercfl lraJro?neHrreM o6brarHLlx fronoc Cr. IIet Hrrrtanrrx AoHaBaTeJrbcrB
B lroJrbBy rtattolo-tnr60 BaMeruoro r:,rtrtnrtr,rr xBocToBblx rloJroc B :)Trrx o6nacrnx.

,[onaaauo, r{To uAerrrrr{r,rrtaqnr IreoTo?fiAecrB,TeFIHoft rroJroobr 4976 c upe-
AenoM cxoAr,lMocrr.r [ocJreAoBaTeJrr,rrocrr{ 0 cnanonoii cr4creMbl, rrpolrSBeAerrHafr
B y p, o in (K. W u r m)7 HenpaRrlJrbna. l44eHtlr{runaqrrfi reM }Ite aBropo.\t
rroirocbr 4642 c [peAe,TroN{ cxoAr,IMqcrr,I rrocJreAoBare;rr,lrocrra -l- I ralt]Itl
ilc o60ciloBarra.

B nacronqee BpeMlr Her AaHrrrJx AJrrr oTo?fiAecrBJlel{rrfi xBocroBblx rroJroo
tlr,ro,reronor,l crlcreMll MoJrefiyirbl CN n esea4ax rI,I[a N lr R. Toqrro ral{ ?Iie

IreT AoHaSaTeirbcrB& R IroJrESy roro. ql'o xBocTotsble rroJrocbl cN ornercrBerrHbl
3a cr.{Jr6r'roe ocJra6Jrerrr,re HefrpepblBHol'o cIIeHTpa u rpr,roleronor-r o6nacrlr
B sBesAax rr,rla N u R.

Boupoc o [peAeJre cxo,qflMocrr4 r.{ xBocroBr;rx rroirocax AJrfr on}rceii r{ rr,rAp}r-

AOB B Crrenrpax 3Be3A Tr,r[a M lr S, ranare uoAtrarrrit Bypuort, npaHrutleoHrr
rrpocro ornal{aer. 
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'I'II]] TO}\L LIGIIT O]T T}[Ii SOL,'\R CORON,\ OF JULY 9, T9115

li. B.,iY I K O i\ O I itrrd ]1. -l{',\I11i O tY O V A

Thc to1a1 light, of the solar corona o[ Ju11,9, 1945 rvas rleternrined. rvith a special
rriroloelecl.ic lrliotonrcl,er. i\ Kunz pol.assiurn lrvrlririe photoelectric celi I'as used. Tlie
i,rc,rr,,rernelts'rvr:re referrerl to the sirn by ttreatts of a speciaI standarclizaLion c]cvicc rvith
;t,liffusing ltaritc screeu. The al,rnoslrheiic cxlinction \,\'as accotlntecl lorfroln Lhe obset'-

vrl ions oi the snlr on the rla.y of thc eclipse.
T1e totai light, of 1,he obielvcrl z.orre oI llre solarL,orona (1.015n6-B.6ing) PloYe([

I o lrtr
tr)n tL.011t.: 8.6r) -(0.4:l+0.0:J) 10-(t'

in tcrurs of solar tarlialion.
,fhe rerluctioni.o fire zont: (l.0ilt) ./i6 U.tiO fr6), atlolrtetl as a slandat'<l orc, usirg

t,he rnean <iistributiorr lan, oll sur'l'ace brighLrress irr [,ltc colona (Batrmbach) yielcts

/r-r (I.030; 6.00)--(0.38:|0.00) 10-6'
,I5e compapison o{ t.he rcceiverl value wil,h olher pho.[oeiecl,ric ollservatious, dorle

i rr f lre. saure fhotorretliu s.ystenr o,,,1 1'g1ltl6erl to t,ltc stantlartl. zone, shon's appreciable
chirrrges i.n the total lighl of lhc r'oronir. Thc coron:r. l)roves.1o be brighter in t,he epochs
r.rl rrrixirna of solar aclir.itl. arrrl. I'ainler i. Lhe epoohs of tttitrinra.

INTIiODI]CTIO\

Il, is a culrellL opinion l)o\\'? lhat; Lhe tobal light of tlie corona is con-
stalt (t), altlrough the sirggcsLiou ol t-lre rlependerloo of l,he coronal radial,ion
ut,o1 solal acLivil,y is quiLe nalrrral (2). 'l'lre soluLiorr of Lhis ploblem lneels
rn'ith ci,rl,ain tliflicuttiei. as 1,[ie separate ol]sel\raLions, even when relating
to Lhe same eolipse, shorv corrsiclerable clispersion, lvhich rrlay coltceal the
real changes in L[re Lotal light, of t]re colona. The cause lies in_the difficulty
of acclrale accounL of al,rnospherio exl.irrcl,ion, lvhen using l;he moon aS a
sl,andarcl, in l,he Lutcerbaitlty of ext,rapolation for the parb of the Corona
t'clipsetI by the rnoon and iri t,he hcLerogeneity of -photomeLric systems used.
Tlitis, olle 

"rnL1sl, use l,hc itesL arlcl homog'eneous dal,a on1v. Besides \tr'e find
iL lrctter not l,o exl,erapolaLe bhe oltservaolionsto l,he solariirnb, bul, to reduce
thern to a sl,anclarc[ zonc coresponcling Lo Lhe rnosl, frequent observational
condiLions. The reduoLiott c.rt'or hecornes tlius sensibly less.

Frorn all l,ire numerous ilel,erlninat,iotrs of LoLaI light of the corona the
rrrosl, homogeneous grotU) coveririg besid_e_s a large-in_Lerval of_ time is formed
liy t,he phobelectridobservations-b1'J. Kun z ancl J. Stebb.ins (1918^and
t$Z;; 1;i, 4), G.B r i g g s (1 C22) (rr), J, S ue u b i n s aricl A' W h i L f o r d (1937)

(6) . Urilortunately ai[.-Lirese o].iselvatiorrs are referred Lo t.lie moon (by tneans

ti rtrc (lrinrrriln ()hs.r'\.rtoll-, r'ol. T, pilrl, I B/



ol laboralory photomeLric st,arciartls) arrrl onl1, i11 Lhe laLter paper the ac-
count for aLmospherio cxtjnction rna y be consiclerecl as quite saLisf actory.

The reducl,ion of all Lhese rlet,ermirtal,ions of Lhe lol,al liglit of the to-
rorra to lhe zone (1.030 /?9; 6.(X) l?6), acloptetl b1, p5 as Lhe standard one,
gave some inclicaLions on Lhe depetitletrce.on sotar activity (7). It appearetl
i.-rrLerestiug Lo l.'rst tliis supposition dttr:irrg comillg eclipses.

Il, rvas rlesirable Lo do lho observat,ions rr,ith sLanclarcl oul,fib ancl in tr

phoLomeLric system rnosL close t,o tliaL oI lhe auLhors jus[ quol.ed, u,hich
lsed pol,assium hyclricle pholor,,lect.rir.r tlells. IlrtL as Lo sl.atrdardizal,ioti,
rve finil il, rnore cxpedienl, Lo r.efer l,lie oltst,rvatjons to lhe sun. T]iis simpli-
iies essentially tlie aocounL oI tlre e,':tirrotioti atrrl is mol'e naLrtral frotn
tho physical poinL of vicu,. Tlre retluoLion of solar liqht, l)y appro.xirnaLely 106

times iloes not preseut great rlifficrrltics antl rna)r l)e done in clifferenl, rvays
(8,9, l0). Nlay be, Lhe l.rtlsl nrclhorl is tht: apirlication ol a diffusing_ screen.' ''ltliis 

rnethbd was firsl, applierl by orre of us cl r-rring Lhe eoljltse of June 19.
1936 observed wit,li a specially desisnerl pliotocrell phol,ornel,er (11). Unfor-
t,unately, Lhis observaLionu,as clone u,jtli a oesiurtr-oxytle tliffusjon phofo-
electric ceII, lvhose specLral sensi tiviLy (itlr\re \\ras verY accurately adaptetl
lo the visibilitv curve J:y means of a spocial oolriur filter.'fhis causes some

tlifficulties ilt [he comparision rvii,li ot,lier phol.oelecLric observations, clont'
rvith pol,assium photocells, iriasuiucLr as tlro ident,it,y of the specl,ralcompo-
sibiorr of tiie radialion oI surr ancl corona 0aIrnot, be corrsidered as safelv
srat0d (12).

,i\ diffusion screen rvas alsri applieri, ttpon t,he advioe of one of us, by
N. I. Tsh udovi Lshe r.andI(. V. I(os l,ilevinthe const.rucLionof apho-
l,ocell photometer, accorclir)g Lo a sirnilar prinoiple as our photomet'er of 19116.
'Ihese -aul,hors have succeisftrllv oltservetl Lhe eclipse of Septcmber 27,
It91rt rvith a I( u n z potassium phoLocel[. 'l'Jris observaLion presents special
inLeresb f or 1,hc proltlem itr rluest.ioli. LlrrlorLtrnately, we possess only preli-
rninary results of Lheir u.orh (1i3) baserl on prelirninary measuremenL cll

bhe gebmctric and opt,icai consLauLs of the phoLomeLer and an adopt,erl
valu"e of Lho cocfficienl of Lhe gypsun screen usecl. 'l'hus we are bound Lo

await rviLh inl,eresL Lhe publica-[ion of ilie final restrlls of Lhis observaLiotrs.
For observal,iorts of Lhe t:clipsr: of Seplernbet 21 , 19111 u'e clesigned irr

1he Astronomical lnsLi{,uLe a 11g1y pliol,ornet,er'(Ilaset.[ ori Lhe sarne prirrcip}es
as tlre 1936 apparatns), s,liich u,e called tlte <rcoronal elecLropho[orneLerr).
The war-lime-condit,ions clid not, allow to apply this nerv phoLomeLer
Lo the oLrserval,ions of t,he 194 1 eciipso and t.o do t,lte ollservaLions in pa-
rallel s'ilh T o h u d o v i l,s h e v ancl I( o s t i l e v, as iL rvas planned. We rverc

able to use llte neu'phoLorneler only ior tlie eclipse of Jr-rne 9, 19L5,

TIII' ()Pit'ICAI, SYSTE]\{ ()]]'1'II]T CO]:iO\I\I, ]I]1,II(ITROPIIOTO}1trTI']II

The rcquiremenLs imposed t,o tht-, olmicre of the op'tical schertre of llie
phoLomcl,eri rvere: t,he po.ssiltiliLV of t,he rttost, accrtraLe comparision.gI."th"
irrislLness of object,s of ,lifferenL phot.ometric sl.rucLure anrl l,he possibilily
olrTdrrcLiorr of Llre solar. liglrl lry al,orrl 106 tintcs. Besi,les. itrasmuclr as Ilre
photorlel,er can be applieil not only lo t.he plioLomet,ry. of t,lre corolia hLl [,

r\lso Lo Lhe cornparisbn of tlie sur,, rnoo,'r and s[.ars, s,e imposetl a Comple-

rnenl,ary oonctiLion of enlargirrg Lhe rargr: of recllrotiotl t,o 1[0tt Limes.
Tlre oplicul syslt,rn is ri'1,r,,tt,r'1,'rl orr tig. l: iL is urralogous lu.llra.L r,l'

llro stellai'plrc,toucll ;tlLolo,n','ln,'o[ llrt'AsIrottomjr'aI Irrstitule of llro '\t'll-
demy of Scienccs of t,he USSR (14).

tn Ltie focal plano oI an acl[ornaLical olrjective (), (F : 355 mrn;
d- Lt+ tnm) is placerl a rlisc rr,iLh changeable riiaphragms D, limiting l.lie
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field of vierv Lhe insLrurncnt.(Table I). A double lens o, (d:62.5 nrrn;
Jl:121.8 mm). of_ a condensing rype projecls r,ire image or tne ohjectivo
Q1 on.ther sensitive layer of the photocell Pl. I'hus Lhe photbcell js so adj.rsr,eA
thal,..il,s layer ooincides rviLh Lhe exiI, pupil of Lhe^optical syslem, ivhere
the illuminal.ion is always unilorm, and cloes notdepentl on the photonrelr.ic

,#"rhl Diameter il o,"- |

llnnruml

,, I

nointl,rl
111

[ )1r

l".os
7.05-4.54
4.54-3.00
3 . 00-2. 00

circular
annular

))

.n

annular
)

ciroular
)

Irig. 1. optical syster.-s of l.he pholonreter antl the pholornetric stanclar,tt

To conl-rol l,he changes iri the ligirL-sensiLivity of 1,he photometer dueto the.chang^es of llrc filamenL curre"rrL of the ampiifier, 'tt. tu*p.r,rt ."
coefficienl, of Lhe gricl resisl,or a. s. f ., ancl to- secure the reduciions of
obser:val,ions for Lhese changes, Lhe instrumenl, is suppliecl with a photomet,-ric sl,andard, whose. optical"scheme is also given on Fig. l. when the sl,an-
dar.dizing clevice is inLroduced as a whole in"Lhe opLical- path of the phoio-
meter,_ l,he image of. a g'round glass plal,c l/ illurrrinat,ed bv an incandenscence
lam.p.z is projectetl by l,he lens 0" orr the photocell ph.'rhe dimensions ancl
posil,ion of tliis irrage corresponii r.o Lhe exil, pupil of Lhe primary rpti.ri
sysl.em.

llII 1l S'll,\ND-,\ltD I Zr\ TI ON t{ trTrIOD

The reducl,io. of solar light rvas effeoLual,ecr i, l]re followins rvay (Fis. 2).In l,he. place of Lirc pliol,oele"ctric cel1,-stricl,ly in l,he plane of-th"tiit ["pit
r'r'as. placecl a barite. screerl sr. ;\ small changeal.lle cliaphragm d, placdcl in
a disbance r from the centre of Lhe $creen cut.s ouL from Lhe ,rliolo riiffu-
sed lighL flLrx otly a small parr,. The phot,ocell is placecl norv behilcl Lhe

830"

'il rl B T, ltl 1

,,.. I xn,",

oo
2.00-1,.25
L25-0.75

0,75
0. 40

sLrucLure of Lhe ohserved objecl., ancl clcpends only on Lhe total lighl, flux
passing' Llrrouglr lhc diaplrragm D.

^ 
In^1his rvay is securecl tLe possibilir,y of correcb comparison of objeci,sof different slrucLure even i[ lhe surface sensitivity bt ttre photocell is

qui Le non unif orm.



diaplrragur d' on such a clisLance l,ha{- l,he illuminatetl parl, o[- iLs p]roLo-
catode should be equal in dimensions Lo tho exit pupil of the primarl,
optical system. In this way are rvarranted eclual concliLions for the illu-
rninal,ion oI the ceII in both posil,ions.

To sl,rengLhen the recluction still more, rvith tlie purpose of comparisou
of l,he sun aird stars, there is provided a supplernentary <rstage of recluctiotui
;;,;i;g;; to ttot jLrst clescribed. Inthis "Jti ttr" 

phoiocelf is replacerl.bv
a seco]rd barile screerl .S, ancl the former is transferrecl in Lhe planc P, ltehintl
tlre ser.loncl small diapliragm d" ,

p
it-- ------ --i

,d,

_l

I

d2

ltig. 2. The recluction of the solal iight.

Tho observal,ion of l,he corona is done immedial,ely in the primarV opti-
cal patli. That of l,he sun - after rcduction in the firsl, sLage. The seconcl

sLage rvas not used in the-presenb worh.
ict us compute now the degree of reducLion of l,he light flux given by

orrr (reducerr).
Denoting t,he uuknorvn recluctiotr coefficienl, by rl tve hat'e evidenl,l.y

n : FolFt

gliere F, is the iighl, flux falling on Lhe phoLooeli in iLs firsl,posiLion (rvith-
oul, reduction) ancl F, - in the secorid onc (af Ler reducLion).

Furl,her 
Ftt : Ec

5,here E is l,he illuminal,ion of l,he exib pupil of the prirnar;r opLical. sysLem

and o .- the area of l,his pupil.
Thelight flux F, rvliicli has passecl LhroLrgh the diaphragm ,J' u,ill Lre

ol-,viorrslv eqtral Lo 
h_- : t,.,Ri,l'I 

- 
@

s-here B is brightness of Lhe illuurinaLed barite screen, o' - l,lle area of Lhc

diaphrasm d''and o - the solid angle under lvhich l,he illurrnina{.ed parL
of iiie rdrc"t is seen frorn the cenl,re of the diaphragm rl'

lhere a. is l,lie angle betlveen'l,lte optical axcs o{ the pliotrirnel,er antl rctluccr.
If LarnJrerL's lalt holcls for Lire giveu screen

where I is the coef{icient of diffuse reflexion. of the screen.

B4
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Denot,ing by p lhe racliLrs oI the cliaphr:asrir d' rve fincl:

I-' I d: /j t'os 
" 

(3) t

rvhence Iinally
I / i'\2iJ- -l-)st'trz.d\P,/

If tlie law of Lamberl, is not applical:lc to l,hc given screelr, ibs cocf-
ficient, of diffuse reflexion musl, be cleLermined for bhe samc condil,ions oi
illuminal,ion and observation as l,hese in lhe photometer.

Ib is seen from formula (1) that Lhe requirecl orcler of nis receivecl al. r
and p of Lhc orcler of 300 mm and 0.5 mm respecbively.

PFIOTODI,ECTRIC CELL

As ib rvas dcsirable Lo receive Lhc ol.lscrvations in bhe same phoLontcLric
sysLern as Lhe aboye menbionecl photoe]ectric measurefiIents) rl,e clrose a
.l( u n zgasfilled poLassirrm hydride phoLoelectric ceIl.

(i)

600 rt; u
300 350

--* l{unz (l/ikonou)

--o- lfunz {,ftebbino}

400 45C f,00 cj

--x-'1r) n thar u. Teget,veler ll 6tt 4S (6 iss o u)

--.- - Riinther u Tbgetmeqer l( 606? (6lssov)

Itig. 3. llelative colour sensitivilies of some po{assiunr-bytlride plotoelectric cells.

The .<pecLral sensitivity of lrhis celI rvas cletermincd by us at the Ahas-
tumarii Astrophvsical Observatory with the help of a Zeiss quarbz mono-
t hroma tor. The source of ligh l, rvas l,he sttn obsert ecl near Lhe mericlian.

B5
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l-lre solar light, u'as LIrrown irt,o Lhe Jaboratoly by rneans of a sirlerosLaL
u'it,Ir an alluminium coatecl mirr,or.

. Tl1. curve 
^of 

spectral sensil,ivity receivecl (Fig'. 3) rliffers sornervJral, froni
lhal,givert by S iebbins (15); hon-evei' manyar.rl,h-ors rvho s.orked rvith I(1rr z
photoelectric cells rnarl< their rare uniforrnity as concerns colour properties.
tnFig.l) areshorvnalsoforcomparisontu,-ocul.ves receir.ed b1, X,1.'Grissorv
(16) for poLassium pho[ocells by GtinLher & Tegel,rneyer.

}II]]-\SUIIIINItrNT OIr PI{ OTO.CUItRtr \T
The irnmedial,e rneasurements of plioto-currenl, from tlie corona u'iLh

a plalr.anomeLer malr presenL some difficul.tics in ficlc[ conrlitions, thet rnore

Ii- :,fi.10s!l r.==!f|0 a
llr.,, It!-.50 I rr ,lt)t) !?
It3':lt t'l 1""1000 a

I'.q -,(i000 I \',11-100 t' (tlr! cttlls balLer-r')
ltq.,.1000 s] \'1 , t:J.5 14 V (sliorago lr:1tl('ri')
r,,,-,.t0{t g \i, ,, 1.,, Y (rtr.v cclly
t:r--5{)0 e l'[] Iiunz' Iriu)tocloctric c0i1)
r'rr.,t0UI)0 p 'l'liolr'onlr'I)--54
r,t==r'^1 ')0{)0 e (l . .i.iilrlc gill\.anonreLcr (clrrroill, s|rsil ivil.y' Irl-.161:10000 !.1 5.t(l-" .\/d; itlLclrlill l'('sistrllc0 (:a l()0(| !l:
Itg,=.15000 s] friliorl rrsisl.itnc(, ca ;l00llU 9; poriotl
It":(j0g o5s.0)'
rr0::-110.- !000(l I \;- 1rr!0ision \'0u;illotcr tJ--:l\-
r',,',- 1000 Q rL\ .nrillillrrpcrrttclcr' 0 -:l0L) il)r\I'r :50 I
rr... lllll {2

l"i:1. ,/. I'llcolllc circrril ol iltc liirot.ortto{cr'.

llraL our phol,orneler' ly1r closigrrerl a]so lor l,he measurernenls of srnall .ring
zoues of Lhe coro,ra. We ohose t,hcrcforo Lhc. rvel.l. Inolr'n one 1,nbe clirctlt,
cLrrrenl, rrmplifier b;, p,, Ilritlgc-13r'os'n (17) n'ittr a I)lioLron FP - 51t

Gentrral Illectrio (lris. 4).
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I
I

I

I

vpt



For eolipse observat,ions t,ire rna,xirrrurrr speerl ol lvork is clesired. One
rnust thus aiur at rnaximum rerluct,iori of 1,he tinre const,anl, of the arnpli-
fier and of [he period of lhe galvallomeLer. We cltose a -grid resis[or of 5.108[)
anrl used a i,tjlile galvarrome ter, combining higlt currenb sensibivil,r'
(ir.lQ-s A/d) rvith a v-ery short periotl (0.5 sec.). Tlie time of deflection of
the galvanomeber in bhe scheme of ttre arrrplifier proveci l.o be less thatr one
sr:uortr I .

r.

Fig. t-t Coronal elecl,rophoiometcr
-K-main body, ?r-l,hotoccll box, .Sr, Sr-screenholdcrs,
D-disc rvith r.iiirplllngpts, d',{i"--reducirlg diaphragms

l.'he sensil,ivitv of l,he galvarromeLer rnay irc regulaLed b1, a slitinI
l?srr and an auxiliary resisl,ance Ra.1lhc suur of l,Jrese resisl,ances mus{,he
approximately equaI to t,he criLica] resist,arrcc of the galvanometer.

The ampiifier is suppiied u,iI,h a speciai. device (the <rSensitivit,v cont-
rolrl) for calibraLion, rvhich allolvs io apply on t,hc oont,rol grid of the lube
known potentials of required ordet. As u,ill be seen from Fig. 1+ l;he po{,en-
l,ial applied to Lhe grid rvill be

t".l/h- 

- 
I li

t'i -.i t:i
(i : 1,2, 3, 4, 5; j : l+2, 2, 3) (2)

wlrere Ir is the pol,enlial suppliecl lrorn l.he pol"erLiomeLer Ro. trL ri is l;al<en
Hinth less then rI I/a nray he as small as ne{-ressa|J,. 'I'he se,nsitiYity control
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may he usecl also for the compensation rnetltod of

nhoto-current.
Some daLa cltaracterising Lhe phol-oelecLric part of

photorneber are givur in l'abte II.

measurements of tiie

the coronal eleclt'o-

,]'ABLE II

Acceleration potential on the photoelectr:io- 9e]1' . 104 l/.
\\,;.liiG' ;;;riti"ity ot the amplif ier (fi,r. : 5 000!1, fid -- x 5 000 a) 900 dlv
Ctrrrent amplification ? .t'9s

TI]tr I'HOTONDTlilt

The coronal elecl-ropliol.ome[er consists of t.lie rnain bocly (I(), photocell
box (p) ancl screenholclers (S') and (S.) (Fig. 5). _

In ttre main bocly are nrottntetl: l,lie shtrLl,er Zr, Llte object'ive -Or,- ttle
disc rvith changeablc cliaphragms D, lhe coritleilsirrg lens O, ancl l]re chalt-
geable reducirrI diaplrragrns tJ' an,l. d"." The cell i,o, -rroV 

he lasierre'rl on l,he rnaiu l:tody in Ls,_o positiotrs
corresponcling to Lhe 

"oltserva l,ion of t.lrr: 0orolla and stttr. I l, contains
l,he fhotoc.il, t]re elect,romeLer valr.e artrl Lhq qricl rosistor. 'lhr-'

cell bo* is slppliect rvith a shuLLer nec,e$sar.v for lt g protecl,ion of
l,he photocell from liglit x,hen cllanging ils posil,ion. With lJre shnbter is
mecLanically connecfec[ l-lie systerii ol t]re photometric ,st;arrclarcl. Wheu
the shutLer is closecl, l,he sLaniarrlizaLion cler.ice is introclLrcecl bef ore tliei

photocell ancl the lal,Ler can be ill.uminalecl rvil,h Lhe stanclarcl, if Lhe sup-
plementary shutl,er Z, (tr ig. 1) is openerl. 'Ilie piroLo.cell box is connecLe(l
ivith the cbnLrolparreioi Lh"e amplifie, l,y mear)s of \\'ires enclosecl in a shiel-
clecl covering. Th-e coul,rol pattel is eriolosetI irt a screetted box.

The coro"nal electrophoiomeLer is aLLached Lo a smal.l.parallacl,ic moLIn[-
ing u,ithoub cloch drivc'1 so LIic guiding ntrrsL lle tlone by hanct.

IIXr\]'ll\;\TlO\ CIP TIIE I'\S'l.RLTlltr \T

The selecl,ive properl,ies of l-he pltoLontet,cr urtrsl, be examinecl, Lhe ampli-
fier catibratect ancl 

-Lhe recluc[ion coeffioienL tlet.t-.rrttirtec[ experimentallv"
The spectral sensitivi{,y of Lhr: photocell usetl ttas shown a}rove (Fig. :l).
The cilibral,ion of l,he amplifier is rrecessary inasmuch as the electromeler

valve is working on Lhe nonlinear part, ol il-s characl,eristic and l.he clevia-
l,io1s frorn bhe froportionalit,y beliveen the pot,enl,ial appliecl Lo. the. gr.it[

ancl l,he co.rerporr,ling galvanonreler rlefleclions nlav surpass Lhe lilnils
of aCcuracy of 'Lhe ,r.lar-urcrne,rts. Tlre cal.ibrat,ion rnnsl Jlc tlone for tlre
rvorking c6nclil,ions of Lhe amplifier; iL s'as dorre otr LIie cclipse tlay. I ts
resulL witl he given bclos' 1Itig. 8).

The cleberminal.iotr of the ret.[rrot,ion coefficienl, is possible in Lrvo \\raYs.

The firsb is l,he use of forrnula (1). If t,tie geornetric parameters. r', p -and, a

are moasurecl arrcl the coeffioienL'of cliff use lef Iectiorr r) del,ermined in t]rt:

laboratory, we can comptll.e t,hc retlLrcLiorr croelficient iz. Another rvay is
an immeciial,e de;ermiuai[ion oI iz, tlien the sarne lishi souroe is observetl
i1 both posil,ions of tlre photoe[ectric cell. 1'he difficriity of this method lies
irr the n"cessiLy of a supplemeDt.ary gr:trdaLio[ of Lhe iiglit source.-12'', ii
even Lhc laro'esL diaphl'asnr r/' is rtscrl.

\\re have irsct{ in il,n 1i,,,,rnrrl uorl< 1111r;rp.orrrI trrelltorl. Tho rleIermitratiorr
of L|e reducLion coefficient r,vas drine irr llre lahoral.ory of lhe Abastumarli
Ohservatory. The ligltt.sottrce \\,as a 1{10 \\r searclrliglrl _lamp, co.ntrolletI
by rneans of a p.eciriorr arnpormeter artt[ tnovr:c[ aloug-a phol,omcLric Jx'nr:]'l
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of B.i-r mel.erlerrgl,h. The suppl.cmenl,aryrecluctionrvas e{{ecbuatecl by m(r:urs
of a rotating seclor, reducing the lighl, by 1r"'.99. The tofal reductir-rrr o['
the light of bhe lamp rea-chetl approxirrately gr,.'I'he remaining 3,,, $,ere
aocouubed for bv t,he application of Lhe compensat,ion utebhotl of rneasure--
ment of-the photo-currenb. The ((IR droprl rvas compensated rvitir a po[en-
lial appliecl to tho grid from the sensitivity conbrol lformula (2)1.

Tlitr galvarronteLt-r served only as a null-insbrumcnl, sl,aLing LIre equalil.y'

Ilo*I/u - 0.

So in Lhis meLhotl the. photo-currenL is measurecl rvil,h t,he cornpensating
pol"enl,ial and l,hus t,he influence of t,lic amplifiers nonlineariLyis completel{
exolude ct.

One r:ould suspecl, sonrc dependence of the rtrlucLion coefficirinl, on the
spectlal couiposil,ion oI Lhe raclial,ion (orving Lo s1-rectral selecLivity of l,he
coefiicient of cliffuse reflecLion of the screen). So l.hc,re Nas no cerl,iLude that
the detenninat,ion of tho reduction coeff icienL z, clonn rvith l( u n z'photoelt-,o-
t,ric cell and arLificial iight sorlrce (with colour temperaLure - 2800") s,orrli
yield l,he samc value as thal,r,iLh the solar radiatiori. For t,his reason rve usecl
an anLimony-cesiun photocell (characberized hy a rrery rvirle spectral curve)
(18)in combinabion rvil,hcolour filters of SchotL BG" and GG,ancl an lIfold,.
DayliEhl, Filter (N Bt0).

BC,

GG,
BGs + 810

408 mp

544

387

GGl1 + 810

810

12m.08 + 0"l.01

N2.0t! +-0.01,
1.2.12 + 0.01

52L my.

4t!3

1,2m.08 + 0n1.01

12.04 + 0.01

The results are shou,-n in Table III and Fig. 6. There is really some ten-
dency of a dependence of the r,ecluction coefficient on specLral oomposition
of the ladiat,ion.

t20

t/9

) u,",

Itig.6. I)ependence of {he rerluction lactoi.upon colour.

- For tlrc I( un z.photoelectric cell and solar radiat.ion l-c find ),"11-.410'r'rt,,t.,
rvlrencc or, l,ire trasis of Fig. 6:

trirz -: l),t. 1-13 + 0,,. 02.

TJte atrcrtt'acv ol lhis tletelrninatiorr is clrrilr: suflitricnl, for orrr Irilrp()sr)
n1)L,n u,e rlt,al l,iIlt ohanges of L]rr.l t,ot.al liglrt of tjrr-, coronA ]r1, 111or,, teris oI
irercen ts,

(99

.I' A B I, ]I ]II
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To control 1he value of Arz thtis found u'e estimated it also bv the first
nethod. The mea,qurerneuL of Lhe geomeLric parameters of Llie photometel
qives

' r: i302,9mm; p:1.182mm: a:150.1

\,\ie have nol,e,taminecl our diff using screen in the colorrr sysLem: Ii ul z pho-
l,ocell - solar radiat,ion. But lhis screen rvasformerlyexamined wit,h a ther-
rnocoultle lor sol.ar radial,ion reflected by a silvered nrirror and filLered -bv
arvatei.cell(19).On Lhebasisof thesemeasurementsrvefinc[ forDavery. high
value 0.9B. But l.his value rvas confirnrecl bv visual measllremenl,s in 1,hil

State Opt,ical Inst,il,ute. From these clata rve find for the reduction coeffi-
,cierit exprcssed itr stellar ntagnitudes Lrn :'12'".L0,rr'haL agrees rvell lvith

i,he yaluc {2r,.08 receivecl altovc. Br"rl, inasmucir as \ve posess for the coeffi-
cjenl, of cliffuse refl.exion of the screen uncler consicierat,iotr. otrly an appro-
ximal,c valrre (relaLerl lo a cluil-e ctiffereul,colour syst,ern), rve chose orrlv thc
first, value of Anz. On Lhc ltasis of t,his valLre and these of t,he diarnel,ers of
1he reclucLion cliaplrragtns 11' t)reastlred rviLh a precision tneasurin_g cngine,
s,e fincl l lie f ollowing 'values ol lhe recluct,ioir coeff icients cotlecLed in
Tab1e IY.

TIItr SITI] OTI OI]S]IR\IITIO\

'Jihe oclipsc of July 9,L945 rvas of shorl, duraLion; iL reachccl il,s maxirnr-lrn
lengl,h iri IJSSIt (60' .3) otr Lhe frontier wil,h Finlanc[.

'Wo joined t,o Lhe experlit,ion of the Pulkovo Observal.ory aI SorLavala
(7..::10;11';,? -- 1-6L"42'). UnforLurnal.ely, Lhis Lorvn rvas noL siLuatecl on

ihe cep1ral iiiie of l,he eclipse. In Lhis reipecl, betber sites rvere Lhe villagc
.Lah.denpolrja or t,[ie Valaam islancl. But, as Sorl,av,ala presentecl many advarr-
tages rvitb respect to organization of a Len:lporaly labolal,ory a. s. f ., u'e cltosc'
.thal, point,.

'flie circumsl,ances of eclipse for sorl.avala (20) are given itr Tablc V.

ABLE V

Mean Greenwich time of treginniug of totalit;i .

I)rrral.ion oI totalil;' r:51
7,cnil,lt. rlis(arrce o[ Llte stttr t 

" 
- itlail

,\lr. rrruss 1'(/^ ) : 1'8118
t)

.lltrtio ol t.lte aPlritrcrtrt rliitrnclcrs ol rttoott iIIl(l stttt l)Gl l)O 1 01;

-'\ pparcnt ratliLrs ol []tc :;rtrt /?" : orr:1'"9

[)islarrce ]retwcen t:cttlt'cs ol tltc strrt attil ttioott A'=0'0004 1?O

lI nt
. T-11 9.1J

s

90

'll :\ 1l L Irl I\-

d'1,

(lt 2

a;t
d'4

0.820 + 0.00i

ll 265 f 0.001

1.1itt * 0.00'.1

2.363 + 0.001

1,4tn.38

L3.44

N2.70

N2.08

65ir. . 105

i.39 . 105

1.20 ' {05

6.79 . 104
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ln vier.r, of Ltie slrorl, rlrrra{;iorr of t,olaIit,.y l.e decirled t,o liruil- s111'si.l1.1rs

s;it,lr Lhe mcasuremenLs of tol,al. liglit, of [.lle oorona.
,Af l,er l,esl,irrg bhe plio[.omel,er in 1he ]aboratorv il, rvas sertt,led in a srnall

rr,ootlen paviliion.
'-fraining observal,ions shorvcd l,hal, rroLlvit,lis{,anding thal, LIre Li.rnc of

tleflect,ion of l,he galvanometer harl bec,n less than one second, i,lre consccrrlir.t-.
l.eadings could be done and lvril,len dor'vn no fast,er l,han l,hrough 3-1r sec. 'llhis
de{iued tlie follorving program. Before t,otaliLv Lhe phol,ornel,er is directcrl
to {,he sun, t,he great,esL circular diaplragm Dl sel; ancl t,he qalvalontetc,r
rearl af the closed shu{,t,er. Immedial,ely af t,er beginning of tol,aliLv Lhe shrrt,-
Ler is openec[ and t,ire rneasuremenl, dorre rri{,}r l,he diapJrragm [)1, then u,it,h-
'out closing the shut.Ler Llre greaLest, annu1trr cliaphragm lf2 is.int,rocluced arrtl
af l,er iliat, consecul-ively l,lre cliaplrragrns I)1 and I)2; finally 1,he del,errni-
nal ion is ctone l,hrorrgh the annular diapliragrri Il4 and onlv af tert,hal, l,lie s]ru t,-
l,er closecl. Then l,he rvhole series is rcpeaLet[ in reverse ortler.

\Ve had rro speciai ctevice for t,rrrning t,lie u,hole phot,omet,er iu azimul,h
(by 7-8'), tlia t seerns [,lte bes t, tne t,lrod of aoooutr t,ing f or Lhc ltackgrotrnrl
effeot. As lirros,n thc isophotes of Llre sky backgror.rrrrl during toLalit,y rurr
nearly horizont,ally. The shi{t, of t.he irrslrrrrnent (lr.v bol,h coordinatcs
{)r errerl by sr"; rvould tal<e t,oo rnucll f,irne for r:cl'urn st-'tt,ing orr L]rc coror]4.
.l l, rvas impossi ble in an eclipse of so shorl, dural,iol].

IIor,r,ever, orrr diaplrrlglrn I)2 r,rrtrloses a zone rio disl,arr{, frorn [,lie srtu
lhai. wc can neglect, for iL the elfccL of r.roronal. radiat,iorr and adopl, l,haL tltc
lvirole radiat,ion passing Lhrotigh j l; cornes lroil {,hc shy baokgrouttd onl1r.
Lteallyif Baurnbactr's rnearr lalr,of r.list,ribut,ionolsttrface bright,riessin tlrtr
oorona (21 ) is l,r,ue, l,ht r,acUat,ion ol 1,lre zono e,xLeurling frern tlre solar liinlt
l"o tlre raclius fi (in solar radii), l,ill ho (22)

ll (4;R) =- i.000 - 0.1891f - 0'5 
- 0.507 R-; - 0.30{ 1?-15 (3)

u,here the radiat,jou from the shole coronit ij (1;co) is takr:rr as tinity. Using
Lhis formr.rla u'e find Llial, 1,lte r:acl iat,ionpassirrg l,lrrorrglr Lhe rliapirtagtn D2
arnounts ilo nlore than 11 .5o/n oI t.lre u'hole coronttl radiaLiotr. It, is easy Io
compute froni t,lie formul.a (13) l,hal, only tJre zorie Lying wil,hin {".5, or et'ett
t'.0 from l,he sun's oeuLre is of import,atioe for the 1,otai light of l,[re corota.
lfhisis confirmetl b), 1,[',u phoLoeleot,r'ic observations byT s lr u d ov i l,s irevanrl
K os t,i Iev (23) accorcling Lo uhicb rhc pholomet;ric limil, of lhe oorona lics
nboul, t" from the srrn's centre.'Ilhtts, we can admil, lvi{,h sufficit:nt, accurartv
Lhal, rve observe in Llte c{iaplrragrn D2 only l,he sl<y cffeot. fJut for: control
of l,his oonclusion we includecl in orrr program the olrserva{,ion t,hrough Lhe

tliaphragrrr D4 cul,ting out, I,ho zorte 1".0-1".i-r.
'llhe weaLher on t,he days prece<ling iJre eclipsc n'as urtfavourable. llhe

nor:ring of t,he erclipse da1, lvns clourly irtrt' graduallY Llrc shy began to clear
up and"on Qtr?0rn (rlX,IT rve ooulcl beq'itr the oJ.rserva{,iorrs of l,]re sun. Beforc
thc first. cont,ac,L some cloudri ivere passing bu{, during Lotalit,l, l,he sky lvas
rlui te clear. 'Ihei air tvas extrernoly transparerLl'.

Irnmediat,e[v ]refore Lhe l.ol,alit,y lve rnacie l,ho ol.rservat,ion of thc piroto-
rneLric sLandarcl s,hich gar'c l,he dcllcotitrrr

The observations of tol,ality
are given in Table VI.

Az". .-, 95.'1.

rlone il completc ac,cord ri'i th our prograln
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TABI,D VI

/b0 200 mV
/,.

I)r 
i 
,. 

I 
,,

1.91 .2

Thc oltserr.ation of Lhe
pho bome t,ric s l-anclari[ af Lc.r
l.otalit,)r ga\Ie

Ara.": $$'6

s-hence the r.al ue 0or'r.e-
sporllirrq lo lolality js

A/2,:95,8 j 0.8.

'l'hc. calibral,ion of the
anrplifier ttone slrortly after"
[]re o ltservations of Lhe
corotla shows Lhab Lhe cal-
vanorne tt-.r clef lecl,ions'are
propor l,io uirL s,ithin l,he
limits of Lhe rneasurement,
errors Lo Lhe poLentials
appliecl Lo lhe amplifier in
l,heir s'hole l'orhing cliapa-
son (Fis'.7).

'llhere r,as no zero drif t
rlur.ing toLality. Tl'rus bah-
ing t he lnean frcm l,he

Ealvanorne Ler def lect.ions,
rve receive Ta ble VI I .

'['he nrean er]ror of one
reading. as sho\\.ri by'l'able
VI, is *0.7.'lo accotrnL for t,he inf-
I Lrerioe of Lhe sliy bacl<-
grolrn(l \-tl rnnst, knorv the
r,elaLive areas of Llte cliaph-
rilurrrs rrscrl. ,\s irr llro anlut-

D4

S

0

li
1,2
,16

2o
2+

183 .

189 .

.)4,

:d l - i
200.tt

200.

28

36
(t0

1r8191 .l

I'ig. ?. Calibration curve of the amplifier.for its
rvoiiring sensitivity (i?sn : r''r: 5000O;

Ra : r'a* rrz : {5000 ()).

lar diaphraEms the central screens are fastened on three stripS, we preferred
to tleteimin"e the area Iatio in a photometric way from the observations of
the sky.

The ratios were found to be

DL lD2:4..734+0.004;
D4" lD2 :0.176 * 0.002

From these values we find that the background effect for DL is equal
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t.o 20.8 ancl

hm
9 :t2

.lJ

59
01 39

42

nl
+0.311
+0.311
+0.321J
+0.284
+0.2s2

conseqrtetrLll Lhe def iecl-ion f or i,he col'olla

An1, -26.i) + 0'8

1ll r\ ]'i L It YtI

Il iath.

47 .1 + 0.5

12.0 + 0.4

2.3 1- 0.0

T A TJ I, II VIII

F(.e6 ) 
I

.\ rz

D1

D2

D4

Lel, us sec if the conclusion dralvn by Tslir.rdovi Lsliev and I( os l.ilev Lhab

!.]re corona is limitecl by Lho angLllar cliamel,er of 2o is corre0l,. Tho background

1 
'qq't.29\,

1 .29:l
x..331
1.Ii59

1t7. (i
'l)7.1\
129. t)

1)\ . \,
12i-r.3

1.454
1,.507

3 .441

1)1 .7
I 19. (;

91.;

/\ rn,

1n

+0.260
t0.24r
-0.05{J
-0. 384

f, *l
122e1

49 I

1ir 18 |

,ul
I

'clfect f or D4, rvill be obvioLrslv 2.1+0.1, l,hal, wiLhin
{rorresponils to the observecl valuc 2.1-1. Ttris confirrns
"'rccount for Lho sky bacirgrounc[.

Lhe Iimits of accuracY
l,ho correcl,uess of our

dtp

m
* 0.400

+ oa00

* 0.20tJ

+ 0.t00

:: 0.000

- 0./00

- 0.200

- 0.300

- 0.400

J.5
rF)

Fig. 8. Extinction on the day of the eclipse.

The observaLions of the sun done with the reducer before and after
eclipse are given in Table VIII and on the Fig. B. In the first column
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given the mean Greenwich momenbs of observations; in Lhe second - the
air masses; in the third - the mean defiecLions for the sun. reduced to the
sensitivity of the photometer corresponding Lo the momenb of totality;
finally, in the fourth oolumn are given the rhtios of the deflections for Lhe
sun and photomebric standard expressed in stellar magnitudes.

On the basis of the Tabie VIII a Bouguerlinewas drarvn u,hich is repre-
sented by Lhe least squares method

Lm : 0."'733 -0."'326 
F (zO)

+ 0.0{)6 + 0.(}0lJ

The mean error of representalion of one obseryation of the sun equals,
aQ.nr006.

Interpolabing by l,lie formula (4) for
t\m: +0.-t3t rnhence the deflection
that for Ltre sLandarcl An, : 95.8)

Aru'o:t0B.t+1.4.
Il, musl, be noted l,hal, such an interpolation remains quite admissible

also in l,he case of monotonous changes of the extinction. In this case the
Rouguerlinewillremain nearly recLilinear, although il, will be burned aboub
the point corresponding to bhe passage through the meridian (2Q. Another
thingwill beif in LhemonrenLof totality occurred a sudden change of extinc-
l,ion with subsequentreburn to Lhe initial value. But, as is shown by a pre-
liminary reducbion of special observations done at Sortavala by the Pu}kovo-
expedition, no changes of exl,inction during toLalil,y occurred.

.lf l;tie sqrect,r'aI composiLion ol t,he rarliatiori'of tlie oorona ancl sun is iclen-
tical, rvc shall complel,elv rrxclude tJre inf luenoe.of exl,inot,ion rvhen comDar'-completely rrxclude tJre inf luenoe.of exl,inot,ion rvhen compar'-
ing the deflection for the corona with that for l.he sun inLerpolated fof to,
tality. But if bhe radiation of corona ancl sun is of differenl, composition,
their observations musl, be reducecl to no al,mosphere $,'ith clifferenb values.
of extinction facl,ors.

In the presenl, reclucl,jon of our observal,ions lve chose the firsl, supposi-
tion, although, as already sl,at.ecl above, we consider the idenl,ity of the
spectral composition of the radiation of sun aud corona to be still an operi
quesl,ion (25). In any case rve have as yeb no l,rusl,worthyvaluefor the colour'
excess of the corona, if the latter exists in reality. Assuming bhe colour of
sun and corona Lo he idenLical and starting from l.he above found value for
the r'eduction coefficienl, for the diaphragm rl'L (Table IV)rve find l,hat the
deflecl,ion for bhe direct observabion of lhe sun rnould be

An6: (6.1 * 0.2;.tOt

rvhence we find for the l.ol,al intensil,y of the observed zone of Lhe corolla
(1.015fte; 8.67r?6):

En(1.015; 8.67) : (0.2r3 -l- 0,0:l)'10-o

in terms of solar racliaLion
One musL keep in mind that Sorl,avala was nob situated on Lhe centrall

line of the eclipse. The distance behveen Lhe cenl,res of sun and moon in the
rnoment of totality was 0.006/?6(Tab1e V). It is easy bo compute lhe reduc-
l;ion to the central line adopting some law of distribution of surf ace brighl,ness
in Lhe corona. Bul; it is more expedient firsl, l,oesl,imate il,sorder of mag'ni-
tude. Let us see how the observed valtre of total light of the observed zone
rvill change if the radius of its interior lirnil, is recluced by 0.006.R6. Using
forrn. (3) we lind lhat, in this case, Lhe t.otal lighl, u,ilL chanse only b.r.

otjr

(1')

Lhe moment of the totaiity we fincl
for the sun becomes (taking in mind.



0.02.10 6.lt, is easilS. seqr Lhal, llris change 1ro less Lhar Lrvice exceetls t,lre
retlucLion irr queslion. Whcnoe \\'e rnay oorrclucle, LiraI t,his rectuoLiou lill,
not cxceecl - 0.04.{0 6. There are, l,hrts, no reasorts Lo make del,aibcl com-
prrlaLions, 00nsidering Lhe general iicouracy of the deLerminalion 0f the
lolal liglri, oI ilr0 coroila.

Reducing LIre above founcl r,alue for Ihc t-.oronal. t:acliaLiou to Lhe
sLanclarcl zone (1.030I{6; 6.001?6) by formula (li) rvc fincl:

/7,, (t.oj0;6.U0) - 0.;iB. l0-,r.

IL is essenLial to esLirnal,e Lhe error inLroctuced by l"his rc.clucLiou, r,vtiich
corllrls lrom Lhe cleviaLion of Lhe Lrne larn'of brighlness clislribuLion for bhrr
givon eclipse from Lhe aclop[ed ]nean law, accorcli ng' Lo Balrrn bach. For this
purpose, r,e did Lire recluolion lo the sl,andarcl zone using clifferorl laws of
hrighLuess clist,ribut,ion, rlo{ably t,hose basecl on Lhe observal"ions of the innr.r
co.r'orra. Iror Lhe reclr-roLion.in rluesl,ion of grea{.esl, imporLance is L}ie ilisl,ri-

TABIJIl] IX

frun.oro, 
u.oo,-.\ utlr(!rs DisLl'. l&w

il'rruer'1.:61, I'cllit. arrrl \icholsorri,:;;

Yourrg 1:s1

lle(rlier.(19)

Hulutr0r'skI irrr,l Po|o;,olkitt :1:rrri,l,rrrYirlI(:rIl

ll ^ -n(,
/l^ - *

t
(1ro - 0.720)-4

( /io - 0.854)-3

0.11 . t0--$

{).31)

().:J8

fi.:11

l-iLrLiou of brighlness rrp Lo 1.060/?o.i. c. onlv Lo l'from Lbe iimb,'I'hus,t,he
rvell iinorvn [aw of fai] of brighbrress - (no--l),-r rv]rich obvioursly does
nob Jrokl at t,ire 1inib, rnusb evidenLly be rejecLed.

The larvs usecl and l,he restrlt,s of Lheir appiioaLion are shorvlr in Talilo L\-
We see LhaL 1,lie resulLs are very close. 'Ihe difference c.loes nol, exr:eecl t0o/.

from Lhal, recleivecl by form. (3). Thus,ln,'e adopt.ecl for Lhe ]neasur,e of lhc
relat,ive error of reducLion to Lhe sLanclard zone Lhe value t0o/0. Consi.ctering
Lhis, we receive finaily Lhal, Lhe tol,al lighb of l.he st,andard zone of l-he corona
oI July 9, 1945 is

Z,, (1 .0130; 6.00) : (0.38 + 0.06).{0-6

CoNCLIISION

'lllie receivecl value is appreciably less t.han has been founrl bef ore frorn
piroLoelcctric nrcasurement,s as seen from Taltle ,X (32). Irr Lhis 'I'ahle trre

iIABI,I] X

8/I X918 J. Kunz, J.
20llx 1,922 G. Briggs .

24lI 1925 J. I(unz, J.
B/l 1937 J. StebbinsgiYII I945 V. Nikonov,

S Lebbins

S l.ebbins

E. Nikonova . .

I

1.024- 7 .5ol
r.056-to.25l
1.027- ).501
{.057- 5.631
1.015- 8.671

0.9ri
:l .'14i
0.9(;9
t.l .19J
0. til3ir

0.9I . t0-6-
0. 62
0.82
0 .08
0. iJ8.
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Eiven only photoelectric observations clone nith potassium photoelectric
.r:clls rvhich rvarranLs the homogeneity oi the photometric system of the
.compared observalions.'r'

OrL our opinion tlie daba given in the Tahle X confirm Lhe reality of changes
in the total ligllt of tire corotla.

Fig.9. i)cperrdence oI toLal ]ie']rl; of l.he cororta ou -solar
actit'ity

When discussiug Lhe rarliomel.ric observaLions of the corona of Sepl.em-
Ix'r 2l , t94t one ol us susrrected Lhe clependence of toLal lighl, of solar corona
on solar activil,y. I.n l,his connecLion rl,,'e confrontecl on Fig'.9 the clata of
l'able X Lothenrean WoIf relative spot nlrrnllers (r?). T'his figure does no[,
t,orrtradicL to l,he slrggcsLiort made. lleally l,he 1945 cor.ona observecl a Year
alter rninimtrrn provoil to be much fainl.erlhan Lhe corotta observecl cluring
tlxl maxirnum in 1937'

Thls lve conie to [,be concl-rsiou l,hal, t]rere are really appreciable changes
irr {,he l,otai ligtrl, of the solar corona.'fhe corolla proves l-o be bri.ghter iu
,l he epnchs of rnaxima of solar acLivity and fainLer in epochs- of il,s minimum.

Fbr tire furLher sl,ud1, of the dependeuce under consideration it seems
.rlesit'able Lo do wit,h our photomeLer systemal,ic observal,ions of the corona
rltiring coming eclipses, compieting tirem rviLh colorimetric observations.
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. 'F It must be noterl thab if the corona is 
'retl<ler than the Sun,

be even smaller, as in this case the recluctiQn to no atmosphere
the Sulr than Ior the corona.

its tota[ iight shall
shall he greatel lor
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Il. B. tl14 ItOIIOB vt E.tt. l'l il-ltOll OBI

enerntroc'rr, corHerrHort nopoHbr 6r,rtia onpcA0rerla Ilo Bpel\Ir1 noJllIoI'0
coirrrerllroro BarMerrufl 9 lrrols 1945 r. rlocpeAcrBor\I riopolldJlbuolo DJIcr(Tl)o-

i[o,rolrer:pa, pnapa6oran:rlo1.o rraNrr.r rr rlocTpoerrllor.o R Ac'rliorroltr,rqocncllt tr4tt-

olrrryre AH CCCP eulc B 19110 r'.

drrrr..r**" cxeMa nitlr6opa rpr{IlgAeHa ua ([rql'. 1, a gaHur're o Ara.ppar-
Nrax) Orpitlll,IquBaloulux noJre Bpelll4fl, B Ta6il. I. [,na CraHAaprlrBaItrlII'I 11o

coJrHr{y 
^ alenrpo{oToMerp r.rMeer crreql,IaJrbHoc rrpt10[oco6nenue, norroJrr,-

.lyroulce MeroA paooel{Balorqoro BrtpaHa. Cxeua [prrCIIOoo6JIeHI'rrI AaHa Ha

rllrrr'. 2. I{oa0tlxiUlrentu oc,ra6nertlrs Mory'I olpe,qeJr-Err,cs lra6o }IeIIocpoA-

dr".rrno,,rr,166^no,lrop*. (t). 3uauenl4fl AJIII_aTnx moarp{nqllel{roB) oIIpcAe-

JrcHHInc [cpBEIM cuoCo6oM' AaHbI s ra6;r. IV.
B rta.reCrse cBerorrprreMHurra 6bur nprrMeHeg r.agouotrur,rfi rlrgpraponannr,rii

xatrnfiurrfi (tor:oateueur It yH q a (K u n z), Ouentpa,llbuafl qyBCrBureIbHOCrl,

noroporo trprrBeAeua ua {rnr.. 3. trllauepenlte rporotoHa Bertoclr rIpl,r rroM-ou{ll

ycrrirlrreJrff rlocro.El{Horo rona Ato E plrR-xla--F g-oyH a. (D u Brid gL'-
i3 r o w n) c aJlemrpoMetprl'Ieonor'i lananof,r FP-54 (rlrr'rr' 4).

V0ltllrtelr, IINIeeT 1tpUC[oCO6JIeHIlr'I AJIrr rpaAyllpOBl{lI, HoIIrpoJIfl 'IyB-
CTBITTeJTLHOCTII I,I IIBMgpeHIIfi {lOrOrOXOn ItOMIIeHCal{uol{Hbllvl MeTOAOM.

Peayrrraru rpaAyrrpoBltr{ trprlBeAeHrt ua Qr'rr. 7, uonasrrnaloqer"IHaruqrlc
ilponOpqtroHaJrr,HOCTlr McEtAy Or:6pocaltrt rairEBaHoMeTPa lI troABeAeHIIbIi\'rll

7 Tbe Crinean Observator)', Yol. I, part' , 9i



ri )rcuJrrrrTeJrIO lrOTeHqrraJraMr(. HenOroprre ,qaHHbre o {roroarexrprrqecHOfi
,ractra npn6opa rprrBe[e]rbr B ra6u. II.

O6urlrft nrr4 rplr6opa [aH ua {r,rr. 5.
llaruenrae na6nro[alocr, B r. Coprana;ra ]tapeno-Oratrcnol:t CCP. O6cros-

rcJrbcrBa BarrvreHr[E rrprlBe]IeHbr CI ra6u. V.
Peaynr,rarn Ha6rr0AeH[ft nopourt, BbrrroJrneHr{blx rrpu flcHol\I [e6e, [prr-

BeAerrbr r ra6u. VI. B ra6u. VII [alorcfl cpe,qHrre BHarreHlrrr or6pocon gra
paBrr,rqHErx 4uarpparu.' 

Corruqe ua6urogauocr r geui aarMeulrfl (ra6u. VIII, tlrrrr. B), uro roaBo-
JII,IJIO HaAe?fiIIO lI0ItJIIOqIlTl, BJIIIflIIIIe AI(CTlIHttqI{I{.

Cneruuocrr ra6JrrogaBrrleftcn aouu fiopoHr,r (1.015r?6; 8.67frg),
paAuyc coJrHrla, onaBaJracb panuoii

rfle .Rg

fie (1.015; 8.67) : (0.43 * 0.03) .10-6.

lTpnnegenue n BoHe (1.030116; 6.00Ro), rrprlrrrrMaeMoft rrartr Ba oran-
AapTrryro, tsbr[oJrrrerrHoe Ira ooHoBalrr{rr cpeAHero SaHoHa lraAeHlrfi frplto0Tr,l
B r{opoHe, I(aHHoro Bayn6axona (Baumbach), gaer:

Er, ('l .030; 6.00) : (0.38 * 0.06) .{0-o

Orrrr,r6na peAynqrru H crarrAaprHot tsolre 6r,rna orleneua 1rB colrooraBJrelluti
pe4ynqr,rfi, BbrrruoreHHbrx rro paanuqHblM BaaoHaM (ra6u. IX).

cparueur,re floryqeHHoro HaMI,r SHaqeHI4fi oBerlrMooTr,r o 4pyrmura {roto-
oJreHTIllrqecrrr,rMrr r'ra6JrIoAeHrrflMr,r, BbIrIoJrHeHHBrMrr B tor,l xre Qoromerpl,tuc'
cnoli orac'reMe r,r ranllte [pIrBeAeHHbIMI,r H craHAapruofi aoue, rIoRaBbIBaer
rrailr,rque SlraqrlTeJrbHbrx traMeHeHlrii onetlruocTrr ItopoHIrI; B arroxrr Mar(ollMy-
MOB COJIHEIITTOI,T AETTCTTb}IOOTII OIIA BbIUIE) IIEM B AIIOXII MIIHI,I\{YMOB (TA6IT. X,
t[ur:. 9).



RESULTS OF OBSERVATION OF THE SPECTRUN{
OF THE CORONA OF JUNE 19, T936

G.SHAJN

.. Il this paper. are given mainly the results of spectrophot.ometric stucly oI enission
liues in the spectrum of the inner coroua.

1) The tolql intengiLy of emission lines changes from one rcgion of the corona to
.nnot,her, as well as from one eclipse to anolher (Tab1e I).
_ ^ 

2) Jhe _comparison, of spectlophotometlic measurements of the spectra talien tn
1{)29 arr( 1936 bring' out a consicterable differencc irr lhe intensit-y rafio of emission
Iires, for instance, for 5303, 6374 ancl for 3801, 3987, 4086.

3) There is no ploportionality bel,rveen the lall ol intensitv for the emission lines
;rnt[ the continuous background rvilh Lhe increasing rlis[ance frlom the solar limb, t,he
itrteusitygradient for the former being much larger. This holcls lor. all the lines except
4231.

4) Tlrc ol-rserved. ilregrrlarilics irr Ihe curves rcpr.esculinE Ilre chanqc of intclsitv
o['cn1jc516,, lincs anrI llre contirrrrorrs lracl<grourr,l u.illi irrcloasing,tislance"Irom thc ]im"barc to bc prirnarily ascribecl to tlie locaI effecl,.

5) The reality of the observed delay in tire inclease of or even the decrease of the
itrierr5i[y of emission ]ines with the approach to the limb from the clistance aboub lrisrlorrbtful r\ clecrease of the inlensity a[ tlre distance less than 0'.5 may lte perhaps sug.-
gesl,erl only on 1;he basis of indirect consicleri,rtior-rs.

_ 
6) The change of intensity of the continuous bacl<grouncl as a frinction of {istancewithin ttt-6r cloes not seern- to be scnsibll, ctependent on wave-length.:) Tl9. density of_matter responsible for the. continuous backgrouircl (elech"ons) rle-

creases rvithin 1'.5-5t.5 .nearly fiorn 1.6!108 10 0.28X108; the c6rresponiti,rg clecrea,qeIol thc part,icles rcspolsible Ibr the emission lines is ieariy 6-7 times^rnore rapicl.
.^...8) The riave-lengths have been rneasured fol the emi"ssion lines 3g01, 3gg'7, 40g6,/,231.

{}) T}ere is founcl no trace of absorption lines l( antl H in 1he spectrum of the ilner
'i,'uro*4. The comlrarison *ilh 1hc corrrj,rrls,l lrrotilc lca,ls lo sl.il<iirg rliscrc|anc).uith
llrc'l.heor';'of lhcrrnal rnolion oI lree elecllorrs scallcr.irrg llrc.olar,Lighl.

INTRODUCTION

For the observation of the Lotal solar eclipse of June tg, tg36 at omsk,
siberia, two single-prism slib specr-rographs were used. one of them was
so arranged to ob{:ain the. spectrugr-neally along the solar equaLor, the slit
of the second spectrograph Crossed the dis-c alon! the diameter in high lati-
tudes.--i; 

the expedition took part v. A. Albitzky, p. shajn and rnyself . In rhis
paper are given the resul.ts of measurement 6f 'the spectrum of the cororla,
The Crimean ObseNatory, vol. I, par[ | gg



obtained rvith the first spectrograph giving the dispersion about 36 A per
mm ab Hr.

The main purpose of our observaLions r,vas to obtain the specLrum of the
inner andrnicldle corona. Because of thin clouds at the time of bhe eclipse the
corona did not exl.encl more tharr 7'-9' from the limb even in the brightest
portion of the spectrlun on the spectrogram. Our spectrogram is mainlrT
srriLahle for the speclrophobonretric sLudy of the emission lines in Lhe spectrum
oI Lhe inner corona.

By means of a coelostat, the sunlight rvas throlr,n inLo a Tessar object-
glass of nearly 600 mm focal distance, giving an image (nearly 5 mm) on
the sliL of the spectrograph. The usual slit r,vas replaced by a new one con-
sisting of trvo separate halves, so that the spectra of the east and r,vest si.des.
of the corona may be obtainecl simultaneously at different wiclth (nearl1,
0.035 for east and 0.050 for rr,esL). We hacl in vies, to get, the spectra of thc
east and rl'est sides of differenb photograpliic densily, one more suitable for
the study of emission lines, bire other-for the altsorp[ion lines. We also
used a ns11, plate-holder allou.ing to get the photographic and visual regions
of the spectrum simultaneously on two different plates, the most sensitive
ones for the corresponding region (lmperial 1200 and Ilford Hypersensitive
Panchromatic).

The beginning of exposure was about t0 sec. after totality ancl t,he enci
40 sec. before the third contact, the cluration being 120 sec. A series of spectra
of a lamp rvas tal<en for calibration using the same spectrograph with a step
siit. A series of spectra of the sun for comparison rvas also obbainecl.

The numerous tracings of different details of the spectral lines and t,he
backgrouncl of the corona were obtained with a self-registering micropho-ro-
rrreter, suppliecl rvith a yacuum thermoelement. Two characteristic cr,rrves
rvere obtainecl, one for 3800-4300 and another f or 5300-6500, hoth shou,ing
rvithin the limits under consicleration no sensible dependence on \l,arre-
length.

SPtrCTI],OPHOTOI\{ETRIC-STI]DY OF EN,IISSION LINES

$ {. In the investigation of coronal emission lines we have paidattention
mainly to the study of the intensi{,y change of emission lines as function
of clistance from the solar limb and to the comparison rvil,h the corresponcling
change of the continuous background. at the same wave-length. The rnain
purpose was to investigate r,vhether the density of matter responsible for
the emission lines and for the continuons background changes in space
proportionally to the increasing disLance from the solar limb. On the other
hand, the emission }ines are consiclered from the point of vier,v of the con-
stancy of their intensity.

In specbrophotometric sLudies of the oorona it is very importanb to accounI
for bhe fog clue to bhe sca'Ltered light. Tlie effecb in question cannol, be
strictly accountecl for. The comparison of the clear fiim on the specbrogram
talien from the calibration lamp witli the clear fiim comesponding nearly
to the centre of themoon's disc shows thal, for the majority of the measured
regions of the spectrum t,he microphotometer tracing of the latter is only 3 rnm
higher, the total clef lection of the galvanometer being about 60 mm.This points
out that the effect of the fog due to [he scatterecl light is generally small.
Holvever, when necessary, the coruection r'vas addecl accorcling to S c h \v a r z-
s c h i ] d's f ormula, f or instancef.or 4231, 4566 and partly for 4086, 5303 and
6374 (L). Generallv the measuremenlls of bhe lines and continuous back-
grouncl clid notextendon the low phoLographic clensiLies, where the correc-
tions fol the fog become sensible. For the frequencies corresponding l-o the
strongest chromospheric lines the effect in question is great, but for many
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cpronal lines i[ is negligible and only for 4231,5303_ancl 6374 we may see

a very f ainL trace oI th"es6lines on the iroon's disc closely 1,o i,lie lrnb, (Fig. .t)"
The following procedure was adopted for measuremenl,. For each line

and the adjacenl portion of Lhe continuous baokground a series of micro*
photometer-fracings (10-20) was obl,ained. For separate p0ILions of a line
ive are able then Io'compuie the ecluivalen[ widt]r or the tot{-intensity
W :1../d),expressed in A. U. of the conbinuous background. This rvay is
moreiong, buL more complete ascompareclrvith thal,selectedt y I, o.tri a n,.
rvho for Ihe stucly ol the relative iniensities of emission lines obtained but
one tracingfor a lefinil,eportionof a line (2'.5 from the limb). For the s!!dy
of the intJnsity change aiong the line as function of distance from the limh'
Gr o tr i a n measured on a Harbmann microphoLomeLer a series of very
narrow sLrips disposecl along the }ine in its middle (2).

Fig' 1' 
T.t",:li'.t',1ft ;lolne 

corona

For comparison of l,he differenb emission lines between them rve took
the mean value of the measurements of total inLensil,y for the disl,ance t',3-
t'.8 from the iimb of the sun (the observecl distances from the moon's limb
\yere respectively correcl,ed). The results are represenl,ed in the seconcl
columnof Table I forall the lines of Lhe easb side of the corona andforthe
rvest side only for 5303 and 6374. In order to make Lhe lines comparal:le
between them, the total intensiLies r,vere rnulbiplied by ,F(I), the energy
distribul,ion in the solar spectrum in arbibrarv uniLs (column 4). This seem$
to be plausible, since, according to current opinion, bhe energy disl,ribution,
ab leasl, in the inner corona, coincides wil.h fhat, of the sun. In the sixth,
column the intensitv of 5303 \yas assumed to be equai to 100.

$ 2. The main resulb is thab the inbensity of emission lines changes abso*
lubely and relatively within a large range. L y o t from the observal,ions talcell.
rvithout eclipse has found still iarger differences (3). From the comparison
oI the spectra of the easb and rvest sides of the corona in 1936 ancl also from
t,he comparison of the results of the {929 ancl 1936 ec}ipses it is found b}rat,
llie equivalent rvidth of emissionlines expresseil in units of intensiLv of the
neighbouring continuous background changes from one region of the corona
to anobher as well as from one eclipse to another. Tire changes cannob be
ascribecl to errors of observation.

The easb sicle of the inner corona is brighter than the r,vest one on our
spectrogram. Taking account for Lhe difference in bhe slit width for iLs east,
and west halves we car estimate that the conl,inuous backgrouncl at disban--
ces 1'.3-t'.8 from the east limb is nearly 2.6 times as bright as that at tho
same distance from the r,vest limb. We were able to compare the easL aart.
s,esl, sides of the corona only r,vith respect to the lines 5303 ancl 6374. Fronr
Table I ib is seetrl.hat not only the absolute intensity of the sarne line does
nol, remain consl,ant, but even l,he inl,ensity of the same line expresseclin,
units -of 

intensily of the neighbouring continuous background changes,consi=-
derably when passing from one point of the corona to another.
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In the light of 1,hese resuils it seems to be evident that when comparing
the speotrograms oblained at differenL eclipses the intensity of the
:same emission lines may hardly be expeoted to be invariable. For
instance, whilein tg29 the iine 5303 was 12 l,imes as brigh{, as 6374, the
intensity ralio in {936 is only 2,5: L. Further, in 1929 t-he line 3801 rvas
very fainl, and 3987 fainter l,han 4086, while in 1936 the iine 3987 is sensibly

TABI,E I
Total intensities ol emission lines

Irast
3801
3987
4 086
4231
1r566

5303
6374
6702

West

5303
63V t*

0"7
1.1(\,
0.7
0.3 1)

x 8.3
9.4
1.81)

5.2
2.8

4.5
5.t)
4.8
6.4
3.1r)
18.1
7.4
[.3 1)

5.1,,

<0.4?
0.7
(.0
2.6
1.7

tr00
8.1
5.4

1936
Omsk

192I
Sumatra

<0.1?
0.2
0.3
0.8
0.3

2.0

,r936
Omsk

192I
Sumatra.

<1.0?
f.8
2.6
?.0
8.1

,1 q
qq

1936
0msk

a.J
t* .7
[.0
3.5
7.71)
x00
40.9
,1\

28
c,2.4

192I
Sumatra

1) Very unccltrir.

brighter than 4086, ancl 380tis sufficienLly intense. The fact of suchlarge
varialions of absolute and especially of relal;ive intensities of emission lin6s
from one eclipse Lo another and from one poinL of l,he corona to anothel
is of imporl,ance for the interpretal,ion of the oorona.* One may recallhere
lhe suggesl,ion that the intensity al, Ieasl, of several chromosphericemission
lines i.-Iso unclergoes Lo conspicuous yarial,ions. See, for insl,ance, C i l1i€
ancl NI e n z e 1s paper (4). In addil,ion to t,his, onecan indicate some fea-
t,ures which ai'e common for Lire coronal and chromospheric lines. Ib mav
he snggested thaL the sarnc agerrcy, probably the enurmous excess of th"e
f ar uILra-violeL radiation is responsible f or them, especially for l,he large
variabions in intensil,v of emission lines under consideration.

$ 3. W. Gr o Lr i a n measurecl in the specLrum of Lhe corona of tg2g at va-
rying clisl,ances frorn Lhe limlr l.he intensities of the lines pl,-rs l,ire conLinuous
spectrum ancl cf Lhe conl,inuous specLrutr alone. Our measuremenLs g.ivc
for clifferenL parts of Lhe lines Lhe eciuivalenl width expressed in A. U. of
the conl,inuous backg'round al, the sarne disl,ance fronr Lhe limb. Our principal
aim is aL lasl, to fir.d Lhe change of the densitv of mal.Ler in spaCe andTor
this reason iL is necessary Lo express the toLal inl.ensity of different port,ions
of a line in the satne ttnil,s. As such nnil, r'r,e have arbil,rarily selected thc
A. U. of l,he conLinuons ltackground about 2'.,1. The Lot,al inhnsities of
several lines in l,hese A.. U. ai-e represented bv crosses in Fig. 2-4. "lhe
circles are the corresponcling rralues rvhere Lhe tol,al intensily fills off along
tlre line pr.oportionally to "LhaL of tlre conLintous L.,acl<gr.,und, the poirr-L
of inl.ersecl,ion of l:obh curves being arbitrarily selecLed near 2'.3 (otherrvise
the curve drarvn tlirough l,he oiroles rvoulcl represenL l,he ohange of inl,ensiLy
of the conLinnous backgrouncl).

., "' TL+ paper lvas send _to press aire_ady in 1938, but coukl be printed only after
{,he r't ar. The result of 5\ 2 is in harurony rvit}r tirose of LyoL and Walclmeier receivecl #it}rout
eclipse in the last years.
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FiE.2-4 lead Lo l,he conclusion Lhal, LIie l.ot,al inLensity of emission lines
fa]]s o"ff rnore rapitlly wil.h increasing clisl,ance from the limb t,han thab of
blre conl,inuous ltackground. This holds for all lines excepl, 4231. O:u;r'resull,

rvith resard to the 
"failure of Lhe proporl,ional.ity betu,een the intensiby

gradien[for the emission lines and the cont,inuous backgrouncl diflers froul

t,0

0.8

d/\

\ \
\
\

\ \
>i .o

selecl,ed arbilrarily.

/7

/5

Fig. 2. The in[ensity of the emission 1i6. 3. The irttensity of tlie emission
lin"e3987(crosses)andofthecontinuous Une 5303 (crosses) ancl of the conti-
hachgrouncl (circles) as a function of nuous bachground (circles) as a funcl,ion
the rlistancelrom the limh. The poin[ of bhe distance from the lim]r. The
ofinterseclionofthecurvesis selectecl poinL of intersection of theculves is

arbitrali l y.

G r o b r i a n' s one. Olving l,o Lhe imporlance of Lhis quesbion\Yemust clear
up l,he callse of the disagreemenl.

Grobrian's clrrves(I. c., Fig. 1-LL) represent the changeof Jcont. I
* J line cerutre andl cont. u'iLli l,he increasing distance from Lhe solar limb.
Our ol:serval,ions shorv also an approximate parallelism between J line
centre I J cont. ancl .I cont.ln l,his respecb there is no sensible difference
bel,rveen G r o l, r i a n ancl myself. Basing on Lhe observed parallelism in
quesLion, G r o t.r i a n comes l,o l,he importanb conclusion l,hal, l,heinten-
sitv of emission lines is proporl,ional bo l,hat of l,he continuous background.
This resulb is emphasized in U n s 61cl's <rPhysik der Sl"ernatmosphzirenr)
(p.450) and in seyeral other l,exLbooks. Hou,eYer we thinh, thal, bhis conclu-
sion is undue, especially i.f exl,ended on the proporl"ionalil,y bel,ween l,he
density of mal,Ler responsible for the continuous backgrouncl (electrons),
and the emission lines (probablv ions). Il is obvious t,haL in order to decicle
bhis question we must consicler l,he change of total intensity along the line,
hub not of the central inbensiL5r, affecLed in acldibion by some insl,rumenl,al:
lactors. Let us assume thal, l,here is a complel.e parallelism bebween I cont"
and -I cont. I J line centre along Lhe 1ine, tliough, in reality our curves
and G r o tr i a n's ortes showfor rnanylines a.lecrease ol Lm for the larger
ciisfances from the limb. G r o t r i a n's equivalent width for 5303 is 27.5
r\. U. at the disbance 2'.5 while Anz derived from his Fig. :i is only {.3. Sinoe
the acLual width of 5303 is aboub t A or smaller, l,he widl,h ol this line
on the speobrogram because of the instrumen[aI and especially of the
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22

l4

a5 t5 25 3.5 45 5.5

Fig. 4. Thc intensity of the enrission Iine
637'r (crosses) anrl of the continuous bach-
grouncl (circles) as a frrnction of the clistance
froni the limb. The point of intersecbion of

the curves is selected arbirarilv.

phol.ographic rvidening must be of lhe order of several Angstrdms, at least, at
smalldistancesfromthelimb. G r o tr i a nhascutoutthecen+.ralportionof
the line of 0.025 rnm lvidth or some\l4rat more than I A on the piate. our
cenl,rai intensity measurecl rvith fhe self-registerinq rnicrophotomeier relates
l,o a still smaller vaLue of d),, since the width of" different portions of the

line on the plate eviclent'ly cle-
creases rvith the increasing cliitance
from the limb, tlic total-intensity
in corresponding A. U. musL de-
crease along tlre linc, if even Arn
remains constant. For instance, for
5303- on our spectrogram we harre
f or the distances L' .0; 2' .0,2'.6 and
3'.9 the follorving values of width
on Lhe plate:0.092, 0.072, 0.056,
0.036 mm. It follorvs then that the
total intensity along the line ex-
pressed.il comesponding Angstr6m
units rvill decrease withlhe Increa-
sing distance from the limb. This
deciease will be probably still en-
hanced since Azz seems to be smal-
ler for the larger distances. In facL,
the parallelism beLrveen the cont,i-
nuous hackground and the total in-
tensiLy breaks off, as it, is seen on
Fiq. .2-4,. the intensity gradient
for Lhe emission lines b"eiris more
rapid. I thinl(, thaL the samEwould
be obtained from Grotrian,s
observations, if instead of the in-
tensities of central portions of

lines, _the l"ol,al intensities \vere used. 'At last, only the total intensity
musL have here any physical meaning.

We have also another general evidence in favour of our result. A current
opinign is l,lial, the emission lines appeal only in the inner corona. May be,
this is not quite correct, and the ernission lines extend somelvhat fariher,
at least several of them. On our spectrogram only the trace of 4231 may be
seen ab the distance of B'from the limb. On the other hand, 3987 disapp"ears
a l, tlre disl,ance 5'-6' , Lhough thc corltinuous l)ackground remains
[o be percepLible here. According to J. H. M o o i e, the corona
in L922 extended on the spectrogram nob less than to 35', whiie the
maximum extent of the line 5303-is about B' (5). The microphotometer
i1-aclngof L.udendorf f'sspeclrumof the1922 corona taken by'W. G r o t r i a n sholvs no trace of such fairemission lines as 423L,4086 al
tlre distance of. 14' from the limb (6). Since one may see on the same micro-
photogram the faint absorption lines, the photographic density seems to
be suitable also for the manifesl,ation of the emiss-ion lines. If ,- therefore,
the emission lines merge gradually in the continuous background at the
clista.nce 5'- L9' , the inevitable conclusion f ollows thar ihe intensity
gradient for the emission lines is greater than for the continuous
hackground

. At.the hypothesis that the matter in u,hole remains neutral, the propor-
l;ionality or non-proportionality between the emission lines and the conti-
urous bachgrouncl must lead generally to different suggestions with regard
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t,o 1,he stage of ionization of aLoms responsible for the emission lines. This
is a1, least of value rvhen interpreting the chromospheric emission lines.
But it is doubtful whether the preseirce of free eleol,rons in I,he oorona is
conl.rolled only by the ionization even in the inner corona.

$ 4. When approaching to the limb the curves in Fig. 2-4 mostiy bring
out a clelay in the increase of intensity near 1'. Stitl s[ronger t]ris is mani-
festecl on the spectrograrns tal<en in 4,929 hy W. G r o t fi a n. Ilorvever
it is not to be concluded, thatfor L,he distance aboul,t' l,here is really a maxi-
murn brightn'ess for the lines and conlinuous spectrum. This part of the
'corona lvas exposed less, owing to the mol,ion of the moon, than the more
distant region. In addition, near tlre edge some photographic cffecL may
be sensible, especially when the emission lines are oveiexposed. A defect
in the guiding, on the other hand, is also very dangerous, especially for the
edge. It must be emphasized, that the delay in the increase or even the
decrease of intensity, whioh is highlysl,rong on G r o t r i a n's curves 1,-11,
takes place not only for the emission lines, but also for the continuous
background. Keeping in mind that the direcl, photographs of the inner
corona taken at very short exposures do noI show usually anything like,
'we must ascribe the measured strong decrease of the intensity of the
'continuous background in Gr o tri a n' s curvestosomekind of occasio-
nal local effect or e"tren to a systematic error. For this reason, the delay,
'or even decrease of intensity of emission lines, especially strong in G r o t-
r i a n's Figures L-lL, cannot be accepted as a real behaviour of these
lines near the limb.

Our curves representing the change of J line centre *l cont.and J cont.
wiLh the increasing distance from the iimb bring outsmallirregularities.
'The latter are much sLronger on G r o tr i a n's currres (L.c., Fig. t-tl).
This large difference, as well as the irregularities themselves, may be rea-
sonably explained. The slit of our spectrograph was arranged nearly along
the solar equator, while the slit in 1929 crossed the disc bv a small chord
,ancl was amanged perpendicularily to the moon's motion. The former
arrangement is probably more suibable for the study of the change of the
intensity of emission lines and continuous background rvibh the increasing
disl,ance from l,he limb. In G r o tr i a n's aruangement, when the slit em-
braces a considerable range with respect to the position angle, we have pro-
perly a combined effect: the intensity ohange in the radial direction and the
change by the posilion angle. The lalber,-orving to the presence of rays,
arches and other details of different brighLness, may be considerable. The
local effect in the radial clirecl,ion must be generally much smaller. The
irregularities in question must be primariiy ascribed to lhe Iocal effect,
especially if the slit is arranged perpendicularily to the moons motion, and
in addition crosses a disturbed region, for instance, a prominence, as this
occurred in {.929. For thisreason oui curves characterize better the fall of the
interisity lvith the increasing distance from the limb.

S 5. It may_be suggested that the relative gradienl, ol different lines is
not the same. Particularily the gradienL for 4237 seems to be slower. It is
obvious that the study of the difference in the gradients in question is
promising. Ab least, the discovery of the difference in the gradients for the
.clromospheric lines leads, as knolvn, to important results. On the ol,her
hand, this may be of value from the point of view of classification of coronal
emission }ines.

I should like l,o note thaL the observations of t936favour the relationship
betrveen 3B0t and 3987. As oompared with the 1929 eclipse the lines 3801
and3gBT,especiailythefirsbone, are increased in intensity rvith respecl to
1+086. A revision of the results of previous eclipses leads to the conclusion that
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3801 and 3987 are possibly relatecl. In fact, Lhey are incluclecl in one group bv
L o c l<ye r and F o rvle r, C a nr b p e I I and Ni o o r, e, S tratton ancl
D a v i cl s o n. G r o l,r i a n ll,as notable l,o measllre 3B0t in vielv of iLs
faintness, but 3987 is also fainber l,han 4086, conl,rarv Lo l,he observationslof
1936 and 1926 (7). In connecl.ion with l,he relative fainbness of 4086 in 19llti
onemaymenbion Lhal il'Iitche Il, S t rat Lon ancl Davids on

'0t

,.0J

,05

" 07

Fig. 5. The intensity ofthe continuous background as a function of the
dislance from the limb. Ordinates are log J.6374-o, 5303-x ,428I*.

4086 - !, 3987 -a, 3801- r Open si1uares are log "/ according to
Baumbach's mean ourve.

associal.e this line r,vith 3601, which underg,.res according to l,,i i t c h e 1 t

Lo very sensible valia l,ions from one eclipse 1,o another (B) .

$ 6. May be il, is r'vorthy to mention that the inl,ensitv gradient, for i,he
conl,inuous bachground as a function of distance lvibhin L'-6' from the
limb does not seem Lo be sensibly dependentonr,vave-length. Il, is true, l,haL
a sliL spectrograph is nol, the best instrumenl, for this sLucly. In Fig. 5 are
plol,ted circles, clots, crosses, triangles a. o. represenl,ing l,he inl,ensiL.y of
continuous bachground for differenL wave-lengths as funcLion of distance
from the east limb. As it is seen, [,he different marks 1ie closely, and this
'LesLs generally Lhat rvil,hin t'-6' our observaLions can reveal no sensible
dependence of the gradient on rvave-lenglh.'$ 7. The "o-pfliro,, o[ the coronal and chr.onrospheric lincs presenLs
considerable interest. The bol,al intensity of the brightesl, coronal line 5303
(Table I) is equal to aboul,20 A. U. Let trs e*preri this value in terms of
A. U, of l.he continuous background of l,he solar specl,rum (centre). Using
the daLa of the photomel,rio measurements of the corona in past eclipses
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and particularily Lhose obLainecl in 1936, rve may esl,imate LliaI at the di-
sLance 2'from the limb l.he surface briglitrress of tire corona is nearly eoual
to 2xt0--o of Lhe suniig'hl in l-he cenlie. In tliese nerv unils Lhe inlensi[y
of 5303 is nearly equal Lo 4xL0-5.If tiie in[ensily gradienl for 5303 holds
rvil,htlie approach l,o the limb, lr-e rray expecb ils intensil,y to be at the di-
sfance 5" -10'from l,he linib equal Lo 10-a. On the othei hancl, the inlen-
lity ol such slrong chromospheric lines as Hg and D, at the disbance about
2" --?" is nearly 6x10-2 and 2XlO- 2 respect,ively. The faint chromo-
spheric_ lines 4713 and 4009 have aL the clistancs ftt-), Lhe inLensil,y of
the order 2x10-4 ancl 2X10-i'. Therefore, if bhe line 5303 even cloes"not
increas-e in brighl.ness rvil,h Lhe approach to t,he limb from 2,, ib musl, be
prohably gbserved amons the chromosplieric lines. Hor,vever, l.licre are
probably_no dal,a, LhaI l,he coronal ]ines are s[rong in l,he lorver layers of the
chromosplrere.

Lvo l, foundoccasionallv Ifte inl,ensily of 5303a1, Lhe distance 35" from
the.limb to_be eclual Lo 1,.2X10-4. Holever, orving l,o the consiclerable
variaLion of inl.ensiLv of 5303 one cannol la5r qreal, sLiess upon the closeness
Lo our value 10-a. According l,o S. A. X,I i l, c h e 1l, thelinesb303 and 6374
are lvell visible on the graLing photograplis erren ab the short, exposnre for
Lhe secondflash, bul,the heighl is rrobilxea. Butil,is known, thaLH. D. and
H. W. B a b c o c l< rvere "able occasionally l,o find wil,houb eclipse Lhe
line_5303 o-nly in the hig.her layers of Lhe clrromosphere (9). In genbral, orr
1,he basis of Lhe meagre daLa part,ly of indirecl, character, one mIv suggesl,,
thal, the coronal lines are Lo some e-xLenb weal<ened in Lhe lowesi, Iaviiis of
Lhe ^solar chrornosphere,_or al, Ieast,, are noL much sLrenghLened rviLh regar.l
to tlre inlensity at Lhe disLance rrcar !'-2'. xlay be, there is in Lhis reslecl
sorne analogy beLween the helium and coronal lines, since for Lhe former
Lhe intensily decreases somelvhat wil,li Lire approach to the limb, or, aL lea-qb
increases much slorver as compared u,iLh the-lines of oLher elenients.

_$8. For the interpreLation of Lhe naLnre of l,he corona il, is of imporl,ance
to knor,v lhe spatial distribution of the matter responsible for l,he conl,inuous
specl,rum and l,he emission lines. For this purpose il, is first necessary l,o pass
from Lhe observed inLensiby.r(p) to the radiation per cmB /r(r) as aiunction
of Llie clisLance from Lhe cenLre of l,he suri.

The soluLion of Lhis Abel's inl,eEral ecluation leacls, as knorvn 1,o

.?F(r\- -fir'(?td?, ), y' o'-r=

Applying l,he meLhod of numerical differenl"ial,ion and inl.egration rve are
able to del,ermine l,he radiaLion per unit volLrme.

I b is more dif f icul l, to ge t, Lhe density D(r) f ro rn F(r) since t he resul t depends
to some exLent, on Lhe assumption l'ith respect to the nal,ure of radiation.
For the emission lines we liave a knorvn relation connecbing Lhe number
of at,oms per cmB in l,he upper staLe rzawil,h the energy F(r) radiated per cms:

F(r) : A6-;rn,,ltv

This forrnula allows to compute basing on Lhe observed values "r(p) the.
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change of concentration of the rnatter responsible for the emission lines.
Though the intensity gradient somervhat varies from one line to another,
we have cornbined all the lines together. Orving to the lower accuracy of the
measured tol,ai intensities of ernission lines at the distance {1,,.5'rve do
not consider them at all. The accnracy is especially low for 6374. Tlie iine
4231, sholving a much smaller gradient rvas not accounbed for. But, evenin
this case the accuracy of the mean values of "f(p) and.f(r) is low.

For the continuous background "I (p) rvere taken from Fig. 5. The smoothed
relabive values of F(r) for tlie lines and the continuous background are
represented in Fig. 6.

I'ig. 6. The change of the radiabion per cm3 with
Lhe increasing distance from the limb. Circles and
tlots relate io ttie continuous background and to
l,he emission lines respectively. Orclinates are

log 1(r).

For the coronal emission iines the funcl,ion F(r) is evidentiy proportional
to the concentratiott rlp. In fact, F(r) depends here on the concentration of
free electrons, on the intensity of solar radiation at this point and on the
angle between the fatling and scattered ray. We_have computed the density
of 

-electrons D(r) from I(r)with f air approximation, and the results are re-
nresented in FiS. 7 (circles). In t[e same Fig. 7 are plotted the dots repre-
'senting the relitive numbers for the concenLration of the particles respons-
ible f6r the emission lines. OrdinaLes to the right relate only to circles and
thev represent the absolute values of the density of free electrons per cm3.

Wh"en computing this, we have based on the assumed number of free elec-
t,rons 4x108 per cm3 near the solar surface.

Itmay be'generally shown that rvlien passing fromtheobserved bright-
ness /(p) to F,(r), t"he grhdient in question increases. But when passing
from F(rjto the deniity D\r) f or the scatterinS'parLicles,.the gradient demeas-

es agaii ancl the finai eff'ecf is thaL the gradient for D(r) be.comes somewhaL

smalier than thaL for.I(p). Orr t1e conLrarv, for Lhc radiating particles the
gradient for D(r) coincides with that for F(r) rvhich is.larger than that for
71p;. tt...f ore'tire observed difference betweenthe gradient for the emission
lines and the continuous backEround is to be only strengthened wlr.en passing
to the clensity of the radiatlng particles and free electrons 

^respeotiYely.
From Fig. 7 one may clerive that, rvhile the concentration of free electrons
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\vifhin L'.5-5'.5 from [|ie limb decreases nearlv 6 times, the corresponding
'decrease for the atoms is nearly (Q.

ll is obvious 1,hat the accuracy of the measured intensibies of the emis-
sion iines is iolv, and [he derived results cannob beexaggerated, Espeoially
it is very difficul:l to escape or eyen to esl,imale the systemalic error. Hor'vever,
the eifect revealed in Fig. 7 seems to be quil,e real, at least qualitatively.

It is to be mentioned that our measurements may be affected by an error

8.20

8.00

7.80

7.60

7.40

fig. 7. The change"of rthe-density rvith the increas-
ing clistance-from the limlr. Qipsls5 and dots relate to
the matter responsible for the background and the
emission lines respectively. Oldinates to the lelt are
log of relative values of the density. Ordinates to the
right lare log iof the number of eleclrons per cm3.

connected rvith an oversight in the adjusting of the new slil, of the specl,ro-
graph (p.98).The halves of the east portion of the slit proved to be not in the
rrery same plane, and this produced some kind of interference effect in the
specLrum. In connection rvith this some troubles arise when drawing the
'continuous background on the microphotograms, To check the effect in
question we measured the ratio of intensities of seyeral chromospheric hydro-
'gen lines in the violet-blue part of the spectrum (their traces on the con-
Linuous background of the corona) for the east and west sides separately
and did find no sensible difference. Since the spectrum of the rvest side is
free frorn the effect under consideration, we thinh that olrr measurements
of total intensities of coronal lines and of the relative gradient,s are not
seriously affected by the error in question.

S 9.Wave-Iengths of emission line s. The coronalemis-
sion lines are sufficiently sharp and may be measured yeryaccnrately, butit
is generally difficult, to escape the systematio eror. It seems to be highly
desirable in addition to the iron or titanium spectrum to have here as a re-
ference spectrum also the chromospheric lines. Still better, rvhen the stron-
ger chromospheric lines, owing to the scattering in the earth's atmosphere,
are superposed on the continuous spectrum of the corona, resembling to
some extent to coronal emission lines. We have just such a case on our spec-
trogram. The emission iron spectrum turned out to be not quite symmetri-
cal rvith respect to the coronal spectrum, but a number of chromospheric
lines superposed on the continuous spectrum of the corona allows surely
to eiiminate the very small systematic error in question. The wave-lengths
of the chromospherio lines lvere taken from R o wl a n d' s Revision and
for bhe strongel ones [he laboratory yalues were used.
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We have measured the rvave-lengl,hs of colonal emission lines oni;. in
the photographic parb of the specl.rum rvhere the dispersion used is uol
too small (29 A per mm at Ha ). To the recl ilorn 4300 the spectrum is
too overexposecl ancl the fainb emission lines are Yery poor or invisible.
The poor iine 4567 sllorvs large disagreemenl, in the measuremenb anci is
omitted. We have been able l,o measure in the photographic region nncler
considera l,ion 30 chromospheric lines, tlie height of u'hich in the chromosphere
is of the order of 2500 km or more, and fonr coronal lines on lhe easl" antl
u,est sides. The mean elror of measllremenl, for one line is +0.08 A' The
rvave-Iengl,hs for Lhe easl,side are sysLemaLically smaller than l,irose for tire
rvesl, one (nearly by 0.13 A). The compalison rvith tabular valtles shorvs

that the former-are'mainlv responsible for the observed difference. The slib
crosses the corona eastrvard nearly at the positiou angle B2o, and the colnila-
rison with direcb photographs brings ouL here a disLurbed reg'ion. However,
the accuracy is not sufficient to conclucle thaL namely this is the cause of
the divergence.

Below are given bhe measured rvave-lengihs ancl Lhose l,aken from Rtllv-
land's Ta bles (10;.

1936 Omsk Rowland

3800. 72
3986.91

1936 Ornsk Rorvland

1r086. 29
/t23'1 .4

s 10. Al:sorption I ines. Ab the time of l.heeclipsethesliys,as
cov6recl lvith thin cloucls ancl, probal:ly for LLis leason, the maximum ex-
tenl, of the corona on bhe spectrbgram is al:out 7'-9'even in l,he brightesL
region of the specLrum. JLrst herJon the very faint continuous_ Ilackgror-rntl
ar6 seen, though nol, surely, several ahsorpl,ion lines. I Lried Lo nleiisLlre
l,heir lvave-lenlhts ancl they are probably jusl, Lhe strongest lines in the
solar specbru i4O45,4077,4226,4383 and rnay be one or trvo ol,hers. Horvever
Lhese lines are so faint that, no conclusiou can be made rviLh respect' t'o the
displacemen{, as rvell as l,o their inl,ensiby and rvicl t]r. In l,he inner coroua is
cleirly seen in the visual region the telluric absorpLion Line 6277.

As"it is known, the abs[nce of absorpl,ion lines in the spectrtlm o[.Lhe
inner corona is usually ascril'led to l,he rapid thermal mol,ion of free r:lec-
'Lrons scatLering the soiar light. Tlle mean veloci,ty of elecbrons al, a sr-rrf ace

I,,:mperature T :4850" is ireariy 265 km/sec. one Lhink,- therefore, lhat,
the,shallow and broacl lines of tjre orcler of 10 A al, I4000 are becouiitig
invisible. Such an usual esLimal,e is, holvever, Loo inaccurate. First, rve

rnusl, consider not the mean velocil,y,buL the clisl.ribution of velocit,ies of

electrons, say l,ire Maxwel.lian one. Seconclly, l-e mustconsider asLlrrllnary
effecl, of lhis"disLribution both rvith reference l-o the sun as a source of light
ancl wiLh reference bo the observer. In our compriLal,ions we confinec[ ottr-
selves Lo a very simplified case when Lhe liue copnei_ting the cenbre of
r-rniL of volume q,iththe centre of l,he sun is perpenclicular to the line of
sighl,. This is a betl,er approximation f or the -computation.of a line -prof 

ile
as"comparecl with the meie esl,irnate of line lviclth based on Lhe rneau thertnaL
velocity.

Il, seens l,o be eviclent thab l,he usual narrow lirres in Lhe solar spect,rtlrn
in the case of thermal velocil,y of free electrons Lurn oLrl,very faint or invisible.
But,as the besLcril,erion for ihe theory ttnder consideration may serf'e such
si,rong and wide lines as K and H, the rvidtli of u'hich is greater tharr the
Uoppler broadening in question. In such a case Lhe profile will be mr-rch
clisi,orl,ed, but l,he Iine rvlll remain prominenb even in l,he specLrum ol Lhe

inner corona. The computed profile bf the K line is given in Fig. 8, Wherr'

3800.77 4086.22
3986. 88 423r . 13
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oornpubing the profile in quesLion, we used an undisl,orted one observed
iu the soffir spec[rum takeri rviLh our specl,rograph. r\s seen, there is a sen-
sible difference in central intensil,y *hich iicreases from 0.t0 to 0.30. In

/00

0.80.

/0

FiS. 8. A- Llte ob:ervecl profile of the line K in the solar spec-
brum, B- the cornputed profile of the line K in the specl,mm
of the corona. Absciisae are Angstrdms, ortlinates are intensities.

tliis case the I( line must be easily observed in l,he spectrum of the inner
corolta) being at least as strong as, for instance, the hydrogen lines in the

I'ig. 9. trIicrophoton'reter tracing of the spectra ol Lhe Sru (top) and
corona (bottonr) in the region of the lines I( and H.

specl,rum of r\ type slars. Tiie resulb rvill be not too mucir altered if rve adopt,
for the electron temperature 6000 or 8000'.

TIie phol,ographiC density oll our specl,rogram at I 3900-4000 is just
suiLable-for the discoverv of a very small lowering of thecontinuousllack-
ground in the region of the I( and H lines, if the Doppler broadening would
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be even much greater than the expectad one. The microphotometer tracings
of the spectra of the sun and of the i,vesb side of the corona at the dist,ance
about2'from the limb are given in Fig. L On the lal,ter lve see very strons
narrow emission lines K and H and somervhat to the right of H a f aint, emissioi,
H. not clearly separable from H. These lines are clue to the scattering of the
chromospheric radiation by' the molecules and lhe dustintheearth'.s atmo-
sphere. Hor,vever these lines cannoll hinder to detect the wide anc.l slffi-
cientlystrong absorption lines S ,l,t H if the latter l,ould be present. \\re may
-a.ssert 

that in Lhe specLrum of the inner corona there is no trace of absorptiorl
lines K and H at the distance 2' from the limb. This is in opposition to
Gr o tr i a n' s suggestion that in the spectrum of the tg29 corona there
is a smail lowering of tlie continuous background in the region of the I( and
H lines (11), Il, is true, Gr o tr i a n's result relal,es to the distance 14,
from the limb and namely this is probably the cause oI the disagreernent.

The absence of the absorption lines K ancl H in the spec|rum of-the inner
corona seems to be an {<experinrentum crucisr) for the current theory of absorp-
tion lines in the spectrum of the inner corona. The theory in the presenl,
state does not predict the observed behaviour of absorption lines 

-in 
the

coronal spectrum. The clisappearance of the lines K and H may be expeclecl
only at the mean velocity of the electrons of the orcler of many thousancl
km/sec. The supposition that the absence of absorption lines K and H in
the spectrum of the inner corona is clue to any motion of such high speerl,
eleotrons leads to cons€quences which may be of imporl,ance for the pro-
blem of the corona in the rvhole and for allied branches of astrophysics hncl
geophy sics.
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PIrSt/JrbTATbr H.,\BJIrOAEHr4f CriEr{TpA riOpOHbr 19 t{roHfl 1936 r"

, TIIAI;iH

flonuas r,rHTelrcr,rBHocrr, aMrdccr{o[rHbrx nr,rnr.rr,1 MeH.Elercfi Irp]r rrepsxoAe,
or oguoft o6",racrr,r Hoponbr n Apyroit, ram me Har{ rr flprr [epexo4e or oAi{oro
BarMeHlIfl H ApyroMy. OrHoureHr,re r,rHTeHcr,rBHocrer,i lr,rHrar,f Melr-Eercrr B BHaqr{-
reJrbHrJx lrpeAerax.

Ipaqr.reur AJrrr oMrrccr,rolrHr,rx nuuuft 6onr,ure rpaAr,reHra AJr.E HerrpeltbrB-
Horo cfiemTpa (ucnntova.sT Bepo.srHo, Jrr4Hr{ro 4231).

Ha6trc4aeurre xone6anrrfi B rpaAlreHTe [Jrfl ar{r,rccr,ro}rHbrx lr.ruui,r rr Heiipe-
pEIBHoro crrexTpa AoJr?r{Hr,r 6rrrr, npr,lnncaHr,r Jror{aJrr,r{oMy a{r{eHry.

Peanr'nocrs na6rrogaemoro BaMeAJrelrr,rfl B Hapacrarrr{rr r{HreHcr{BHocrr4
s"[r,r Aa]rre yMe]rbrxeHrdfi l,rHTeHcr4Br{ocrr,r ar{r4ccl,ro}rHErx lr,rurft B l]peAei]ax
0'-L' coMHlrreJrbHa. Tonrxo IIa ocHoBaHr{rr HexoTopr,rx HocreuHbrx coo6pa-
meurar,:i rrorrlro BarroAoBpr,rrb HaJrl,rrrr{e yMeHbmeHlrfi n\rrrr paccroaulra 0'.5.
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tr{ameueur,re rrHreHcrrBHoorrr Helpepr,rBHoro i') a B rrpeAeJlax t'-6'
Ire ooHapyffirrBaeT SaMeTHort SaBllcr,rMocTrr oT [JrrrHbr BoJrHEr.

flnorHocrs Marep[r[, oTBercrBeHHoft aa uenpepnrnutrli crrenrp (anenrponu),
Menflercfl or 1.6X108 go 0,3x108 B npeAejrax t'.5-5'.5, Coornercrnyrcu{ee
lrsMeHeuue AJ]fl rIaCTIIII, oTBeTCTBeHI{bIx 3a DMIICcIIoHHBIO J]I{}IIIa, n 6-7
paa 6o.nr,ure.

I4anepeurr AJrrrHbr BoJrrr aMr,rccrdoHHErx ,rri,rur,rit 3801, 3987, 40BO m 42Bl .
B cuenrpe ruyrpeuuert HopoHBr r.re o6uapyfirr,rBaercrr rr cJreAoB uuulri,l

rrorJroqeHrls K u H, Cparueru{e c Bblrrr,rctenuirlr npotflrtem AJrfl crr,rx .nranuit
rlpr4BoArrr H noJrl{oMy paBHorJracr,rlo c reopr,rer,f rennonoro [Br4?r{eurr.E cao6og,
Hr,rx aJreltTpoHoB, pacceI,rBaIoql,rx co;rue.Inntr,:i cser,



SYSTEMATIC DISPLACEI,IENTS OF SPECTRAL LINES
IN THE SPECTRUM OF o CETI

P.7'TI. ,5'TIAJN

Ii. is shown that fol the Iines u.itli E. P. < 0. 20 there is a systernatic negatite
shift reaching arbout 3-4 km/sec.

In tliis note is considered tire rlueslion on l,he systemal,ic clisplacemenls
of specl,ral lines in Lhe spectrum of o CeLi in dependence on {,ire excit,ation
potential. The dispersio:r used lty us is mocler,ate (about 36 A rnrn at Hy)
ancl the spectral lines in l,he overrvlielmiirg rnajoril,y are blencls. A greal,
al,LenLion was paid to the selecLioti of spectrallines available for [,]re rnea-
sLlrelnents. We hope l.hal, tlie main cornponent in these blends contrilti-rtes
probably not less than 50 percent of the total intensil,y. 11o.u.r,er the lines
rvil,h l,he excitaLion pol,ential higher that 2.00 are yery fainL ancl it, is verv
difficulb to find here a preclorninanl, component. When selecLing tite lines
in ques l.ion tlie f ollorving soLrlces u'ere usecl : IL o s. l a n cl's Re vision (t ), NI e r'-
rill's lisl, of spectral linesfor Lhelongperiocl varialtlesl,ars (2), l\,Iiss D ar.is'
iisb f or oc Scorpii (3), H a c l<e r's iisL for a, BooLis (4)

The list of specLral lines usecl is given in Taltlc I (in the lhircl column
the chief contribul,or).

The number of Lhe Ineasurecl lines orr a spectrogram usuaIJ.y dicl not snr.-
pass 50. One may hope Lhal, ir the rnean basecl on a consideraltle rlllrnlter
of Ihe rneasr-rred b]ends tlie individual cleviations rvill lle af ter: all srnoothecl.
Tlrree regions of Llie spectrurn liavc been rneasnrecl separaLely 3720-+020,
4000-1040, 4220-4500, ancl for eac.h of Lirem n,c have had 5, 7 trnd 10
spec trograrns respcc Li vely.

Our aim rvas only l,o sl,ucl;r the cliffereltial effeol, in l,he raciial yelocities
for Lhe cliverse groups of spectral lines. Tire lines rvere dividecl into fottr
grorlps t) E. P. .'\0.20,2) E. P. bets,een 0.20 antl 1.00, 3) E. P. bet,rveen
1.00 and 2,00, tnl E. P. > 2.00. Tiie clifferell.jll s|if L s,il,h respect to the
firsb group is as follorvs:

E. P.

0.20-1 .00

I II III
-i-0.03 +0.05 -l-0,07

n'Ieirn (in A) p. e. i\[tan (liur/sec)

+0.05 t0.01

+0.06 -+0.03

+3.5

+4.31.00-2.00 +0.01 +0.04 +0.13
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TABLT I

3859.92
38(i7. (t:-l

3871.51
3875.97
3878.5s
3883. i9
3886.30
3890. 20
3892. 90
3895. 6(t
8899 .7 )
3902.26
3900.hl
3920.21
3922.92
il92\.54
3944.02
39/r 8 . (lil
395ri.34
3958.22
3961.51r
3979. 53
398 2 .49
3989. 77
3998.05
4005.2t,

0.00
0.04
0.99
0. 0J
0.09
0.98
0. 05
0.0[
0. 0i
0.11
0.09
0.07
0,11
0. trl
0.05
0.01
0.00
0. 00
0.02
0.05
0.01
0. 10
0.00
0.02
0.05
x .55

Fe

Fe
VI

I,'c I
Cr I I,-e

Fe

v
Fo
Fe
\/

Fe
Fe
Fe
Ti
A1
Ti
Ti
Ti
,,\I .I
Co
Ti
1t
fi
I:o

4008.9(
/,020.40
t 023.69
40)1.5\
L030.77
(03:]. 08
tfi3lt./t9
tt035.74
4045.s3
406:J. (i1

4072.73
4090. 58
4105,)7
4771.79.
4l15.lll
41X$.5\
\t23.51
4t1,28,10
413:1. 03

0.02
0. 00
0.02
{1. 05
0. 00
0.00
0. 00
2.'t:]
I .4ri
x .55
0. 0t)
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I'or l,lre fourl,h group the measured shilt is'aljoul; +0.t A, bub the number
of lincs herc is vcly small and this re3uXL oannot bo oonsiclerecl as real. On
l,tre conl,rary, l,he systomal,ic shif Lior tho line s wiLh lorv cxcil,atior poLenl,ial
lcss than 2.00 soems Lo hc rcal, al, loasL qualitatively. It is to be not,ed that,
z\ d a m s (5) using the Courler spocLlogr,aph (the disporsion 2.9 Ai mm) f ound
rocently thal, in Lhe spectrum of 0 Ccti the radial ,vglosi'ty increases r,vibh
I;he lncreasing exciLatiou potenbial, l,he effeit heing' horvever nearly l,\vo
l,irnes as small as thal,fouucl at Sirneis. I L seerns to be probable that the above
rnonLioncd r,ffecL is Lo j.rc rul"her l.rcaberI in Lho selrse lLat Lhe svsLenral,ic nega-
1,ive shift ol specLral lines increases \viLh ctecieasi4g potentiai of excitaiiSn.
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4. S. H a c I( e r. Coritr. Princeton University J\! 16,'1935.
:5. W. S. Ad ams ,{.p. J.;931 p. lX, n9zrt.. -!.: :

CIziClT ENIz\TlitI DOI{ 7l Il CNI ]Illl Bltyttl JIIilIVfi/1 1l Cfl EHTPE o CETI
"' 

h.' o.'tl:a fi Ii
B eroi,i BaMerHe rronoB&IIor q.To cfienTpaJr.i,]lble Jrl,rrrrr,r c rlorerlqr,laJro]r BoB-

6ylirTqerlraH M('rrburc 0.20 r,rGuapyntltBalor crlcreMarnrtecrtoe orpuqarcJrbHo('
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rro3a)yllri\0llr4fI .

t 1f
I l,t



EITRATA

IL

20
,1

43 I
i

r,, J"".\
54

56

702 i
L04

108

772

1,1.5 t

57

59

B9

90

'3 fronr head

Fig. 5 (2 from foot)

t9 lrorrr foot

11 from he:ld

11 from heacl

14 from foot

8 from heacl

2 frorn head

20 frorn foot
t3 from foot
13 from foot
t2 from foot
12 from head

13 lrom foot
13 from foot
.14 frorn head

8 from foot
5 frorn foot
t2 from foot
20 from foot

13 frcm head

15 frorn head, col. 4

15 from head, col. 5

o, : #").r.108. lrHl
aa G"

+1525
+ L.2

+2'l
-+'2'7

. obtainecl va'
vsim

- 2.0

+4.2
ooo. A

1- 2. l-

23P

st,ill shallower

524

bDD

. where

would rePresent
L922

ln fact .P (r) dePends

6, - 
,L^).r. L}B NH!^ mc"

zs Go

+r5 35

4.2

2.1

2.L

obtainecl

ilvis

-1 
0

4.2
tcq-i- o. .

2.7

23 P"

more conspicuous
JOt

5.65

if
represents

1923

In fact i- (r) for
the electlons'dePends

4

4105. t7
0.2')

74',

LL05.2'.)

0. 00

The Crintcan Observttorl', vol. I, I)art. t


