« Bed Shifts in the Spectra of Celestial Bodies

- By E. Fixvay-Frevsorion*
~ The University Observatory, St, Andrewst

[Received January 2, 1954)

ABSTRACT

d shift of the spectral lines of B-stars belonging to the Orion
roup, relative to the lines of the spectrum of the Nebula itself,
to be about ten times larger than the red shift which the theory
_j(;]_gu:'adicha on the basis of the known values of their masses and
lii. A similar discrepancy is found in the case of O-stars. Tt is
rorp ‘ﬁat. the red shift may be due to a loss of energy in the radiation

e star. If dv is the change of frequency of the line and » its
quency, the following formula is proposed.

ﬂ;-'l."pm — 4 .7 | [-'I'l.:l

constant, T the temperature of the radiation field and / the
raversed through the radiation field.

that formula (A) represents not only the observations on
mt also on A-stars, the Sun, supergiant M-stars, Wolf-
e so-called cosmological red shift.

hift given by formula (A) the data from the Sun
am to suggest that there exists an additional
¢h is, however, only a fraction (about 1/5) of the

of relativity.

§ 1. INTRODUCTION

lines in the spectra of certain classes of stars reveal a
T ﬁnﬂﬂrﬂﬂ t-hﬁ- rﬂd ﬂﬂd of thﬁ B]J&Dﬁl'um-—ﬂr HU‘ﬂﬂllﬂd
- avident as soon as the number of apparent measured

~oueh to make statistical investigations of the
e, The effect is particularly pronounced
rature, ﬂmﬁu,_atarﬂ of spectral type Bor O ;
:_ ] been ,ﬂ\ﬂ]‘l_ﬁd the K-effect.

1}',1 1 into an extremely complicated
hift is of a very complex nature.

i Orion Nebula show a pro-

» spectrum of the nebula

uve 1945), that the
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ter (Trumpler 1935), and | "'!":F facts,
no doubt that & physical effect exists
il ral lines. 'i‘lw f|i:-l.r:u1.-{-1~?-1
on the galactic longitude

30
B-= i y the same clus
tars belonging to VS !
sy ations, leave

celuding solar obst ‘ Led
;rc-dnuing displacements {r;:-.nl Tilnﬁ;}lt:l"illllrmﬂdﬂ

i} t the Kh-€ ect de s :
m‘dﬂlmssﬁe ﬂﬂ“tl;nli-lﬂ“:] ;1;1::31111]1 a maximum anl minimunnm along the per 'Ph ery
and | wice b

) ' - . Pahlen 1923), makes it clear
ic plane ]~rmmcllu;th and v. d. 4! os it d
:lgt:l : E;I:Iiz:']:i’f']ﬂcl Ifrnlmhly of {I}rn.'uniun.l character (V. d. .Il'ml'_” and
Frﬂ““ t:]illiﬂl 1928) is in operation too and partly responsible for the

observed red ghifts.

The prasent paper is concerned only with the red shifts of purely

hysical character, that is, with those red shifts \l"u']]li(‘]'l'l;.'fil.l'll'lﬁltr ]l]:! 1 1'::,' :'-|'.
preted as Doppler effects. We mention t-In:e other red shifts, the ~.I-n eet,
in order to malke understandable why this complex problem has 50 far
resisted all attempts to find a satisfactory explanation.

A solution of the problem of the physieal red shifts appeared near at
hand when the general theory of relativity predicted a systematic red
shift of all spectral lines originating at a value of the gravitat ional potential
which is lower than its value on the earth's surface. This shifl should be
ANA= d/c* where A is the difference n _E;rm-imtimml potential, A
the wave length of the line, 44 the change of wavelength and ¢ the velocity
of light. Since the stars showing most clearly a systematic red shift
were the stars of greatest masses, it appeared natural to interpret the
observed red shift as a gravitational red shift. We shall see, however,
that this interpretation is untenable. In the case of the Sun, where
measurements of the displacement of lines in the spectrum are af least
: hundmd times more accurate than corresponding observations in stellar
. .; a.nrl where, moreover, a detailed analysis along the disc is possible,

e .Pj" t‘“ prove the existence of a general constant red shift as pre-
5 2 theory of relativity have ended without any conclusive and
= ‘Hioﬂmm red shift seems indicated, but its value

R Hﬂlﬁhﬂ!‘ t]:ua- reduced absolute value nor the
5 m'ﬁhﬂ Ilm‘h can be brought in agreement

unless special ad hoc assumptions are made.

i &BM red shifts of the solar
nature from the red shifts predieted by
ﬂmwﬁ new effect which is
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c ¥ independent evidence of o diffor
1 : t
to decide whether or not an observed line-ﬂhi{?::is RO

g
s,

T

" -I-"u

4

probably

B e ety e cn el sov o stom
was ¢ red 9). Using the latest

s and _rusl:.rmt:‘ng the discussion to those 16 B-stars and 2
st t.ul_:ﬁ M & narrower sense the Orion Nebula group,
s red shift has been redetermined by Miss B. Middlehurst
lebarski. Earlier, all stars had been discussed for which
censior « and declination & were within the limits

: BRIy BN 40D, 0P B,
.of B-stars had been defined by Kapteyn as the stars con-
vn that in this wide range not all stars can be considered

Iy connected with the nebula. The Orion Nebula group in
ge is restricted to the area

b gOm -5 — 50 36", —6°<f—4".

@ have collected all data pertaining to 16 B-stars in this area
‘the Orion Nebula.* Expressing the red shift in terms of a

Table 1
3 4 o Ei' 7
11-7 Blk 120 1;-}; :-I[I.::
106 Blsk 155 e :
139 B2sk 105 4-4 I-44
- 117 B2 10-1 3-8 1-6i5
: B2 13-4 124 (-6
B2 B0} 30 1 -.'E'-E
B2 fi-l 2.4 H_m
B -2 3-4 1-74
B3 B-7 58 (-08
Blsk 0-3 4-2 i : 1
2.6 18
ggaizk ?2 4-:; 1-09
Bls 104 70 trb.;
Bin 10-1 T4 !J":':-lw_r
3 67 37 1-16
he 57 (-85

 Bisk 86
| i 1. 2 the observed red ::hilft
:_ata.r.. c:,:-l‘?-ﬁ kkm/see=red shift

o1 twne of the star, Col. 5 its mass
i as unit, Col. 7 the expected
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lor effect, that is in km/see, we find for the mean red shift of the
Doppler b ;I8 /880,
B@I:ai}rs with respect to the nebula itse
Pp—Vxop="T 11.44-0-2 km/sec,
red shift by a factor of the

. SRR
ichi than the predicted gravitationa s
il <o : stational red shift 18 +4-1-2 km/sec, while the

he mean gravi B

:::;lfu;ﬁzl t'aT;uest:'augn%mm 07 to 17 kim/sec. The IIHEHN-EISIHT.-I{_-H in the
masses and radii cannot bridge the gap between i‘;hu th*ﬂ!'\’fﬂfm“i!] and 1:1:{;
theoretically predicted red shift. In our enrliﬁr_ Iﬂ\"E-.‘ﬂ-!gﬂf-I“T_l (Freundlich
1919). using stars in the larger area, the existence of this effect wag
lue was +6 km/sec. The investi-

equally unambiguous ; the resulting va
tus (1944), which was confined to the two O-stars

gation by Struve and Ti e,
and three B-stars in the Trapezium of the Orion Nebula, gives a red shift
of the O-stars which is even as large as 15 kmjsec. It will be shown

below that this increase is probably real.
Figure 1 gives the distribution of the observed red shifts as ordinates

If the equation®

Fig. 1
Radial velocity—relativity red shift (caleulated).
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Radial velocities of ineteen .
:{ati-]:dreh':i:;;tie redﬁ?f:rzaﬁecl:ﬂamﬁﬁ e Nebula, as » fanstion
shift were purely th Ry eir masses and radii. If
on the straight line at tia biiﬁraﬁliﬂftm?:lﬁrﬂguma_mﬁ £ Pointa should Iis

ded five variable B-stars, If th
i *llaiﬂ‘ﬂhﬂm (All mﬂﬂ

‘E L2
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} To insure the reality r:-i: the obsery
s ty—Vey (Voo being the shify of the interstel]

: .}1 B-stars in whose spectra the inte t
e rstellar H and
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ed effect, we also derived the

ar Ca lines)
K lines were

vp— Vo, =+ 1001 kl‘l’l}'ﬁ&ﬂ or -85 ]-tnllll'ﬂﬁc,

second value resulting, if one or two exceptionally large values
om We: have not corrected for the rotation effect of the galaxy ;
tly because this correction would be small compared to the s:-.ntte.ring’
e individually observed values, and secondly because near star
ps do not clearly reveal the rotation of the galaxy at all.

(Pismis

izing the result of this renewed investigation of the B-stars
nging to the Orion Nebula group we have :
he B-stars in the Orion Nebula growp show a systematic red shift relative
e lines in the nebula amounting to at least 410 b /sec. This value is,
factor of the order ten, larger than the red shift predicted by the theory
: iis result confirms previous findings and it also agrees with other
s to be considered below,
us now consider in more detail the question whether or not these
1 shifts can be interpreted as gravitational red shit’tls, We can
by comparing the masses calculated on the assumption that the
s due to the gravitational effect with the masses obtained from
, especially in the case where the star is a component of a
In the latter case its mass can be eat_mmted from tlw_
s or at least a limit determined giving the order of
e mass. For only two of the stars e:m!::eddwl in tllf{ [h-:t?n
timate of the masses possible by this method. ]1.1?._]_;] 31;
§7021), a B2-star, and HD 37041, an O-star. In bo

; inarv observable and

s of only one component of the binary are il
n "b limit for the mass of the whole system can be de .

- W e nl'n]_aﬂ}l' Exl}EﬂtEd \'ahle-ﬁ
both cases these limits correspond to the n e B s

£ types in question, viz., mi+ms - i
,ﬁamal types f]:} ﬁ';] 47041, Although the red shift m]; Hlﬂlﬁer‘:
ﬁ;ml 29 mc;m only about half the meax value of 11-4 km/sec,

. t alone of at least '” mo. T
s o mnss for the ane SOTROE " of 284mo, while the
DL rip ﬂ:ﬂ.ﬂa orbital motion only of the

its a t bright-
.} fﬂl‘ﬂhml in group ; ita
5 e, come out abnormally

_.giqgnmmﬁf AR MO
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It is possible
interpreted as gravit
Rottlinger (1931) has investigated
for instance, that of 42 B-stars ol w

o red shifts may not he

to base the proof that these larg ‘ |
of observations,

ational effects on a much w ider range
a few hundred B-stars and he finds,

hich the radial veloeities, after being

carefully corrected for the motion of the Sun and for the galactic ll'nlui 1o,
exceed 10 km/sec, 39 are positive and only 3 negative. He finds the
systematic character of the red shift so pronounced that he interprets
these red shifts as pure gravitational displacements. The resulting masses

from about 100 to 1200 m~. Among these stars are six which are
members of binary systems and two (g, Sco and Boss 5070) of which
the mass can be determined by other means. Table 2 gives the data

Table 2

1 2 3 4 iy
o Per B2k =02 10 1655
¢, Per Bissk =50 4 15t
{ CMa B3 ()-8 N 1430
r CMa O9sk =140 17 2350
8, Cru B3 )4 = ] 25
¢ Cen B2 =002 1 150}
g SO Binn 24-0 b 115
Boss 5070 B2k 71-0 10 L

Column 1 gives the name of the star, Col. 2 its spectral tvpe, Col. 3 the total
mass of the binary system (m, --m,), Col. 4 the normal value of mass for the
ral type of the star in which the red shift is found, Col. 5 the mass calenlatod
the observed red shift, assuming it to be a relativistic red shift.  All

. masses are expressed in solar masses as unit.

of these eight stars and it is clear that the masses derived from the red
ts are all too large by a factor of the order 10 to 20.
similar contradiction between masses derived from observed red
ana #ﬁlm derived from other astronomical evidence appears in
er’s ir igation (1935). In a number of star clusters Trumpler
red a ajsl:-emat.m red shift of the O-stars relative to the B-stars
same cluster. Interpreting these red shifts as gravitational
! sments, he is also led to values for the masses of O-stars which reach
a fe _”hnndnd solar masses, which are quite improbably large. 0.
Struwv --{Hﬁm stresses this point, that Trumpler's mass values are
in contradiction to all other evidence. WEHhEHmTrum -
the mmwﬂnanfthumbamndmradahﬂfur t.he

_ﬂfB-at.n.m over the whole
h, as a whole are partly
ally the results obtained
Nebula group. This
sl shifts cannot be
y are produced by a
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otion of the stars in the Orion Nebula group relative to the

or by o systematic motion of the O-stars relative to the
cluster, ete., always indicating a systematic recession
tha;l:- t]:n_& large red shifts veveal a physical effect which
rpreted either as a gravitational displacement or as a true

this section, let us consider the data pertaining to O-stars,
- consists of data about six star clusters (Trumpler 1933),
Eﬁm’ observations (1944), about the O- and B-stars in the
Orion, and the data about the Orion Nebula group. These
nmarized in table 3. From this table we see that while

rly B-stars (B0 and B1-5). If they had been included we
ound v,=-+1894-0-7 km/sec. Our value is larger than

Table 3
.8 3 4 5 i
" .' L 4134 99,4
- i B2 L G4 | 654
e + 70 117:0
' 11 B7-5 1138 +15-6
5 BS5-5 +.15-3 L1688
7 B3 4 87 4149
- + T8 4 )5
} 1 e +13-6 L 266
4 Bl + 32 1954
7 BT L-13-5 - If_'u-f
s e 03 3 B'I-'T ‘i' -E'H g [:'E"Il
~ Trapezium 08 18 B2 4+ 74 1174

BPys s ogie ber of the star cluster, Col. 2 the mean
m : Emﬂihﬁmﬂftiﬂm gk Col. 4 the mean spectral type of the

) Mmt?ﬁ.am Col. % the number of comparison stars, Col. 5 the diﬂ'vr}*.tmn:-
ed shift botween the O- and B-stars in km/sec, Col. 6 the red shift of the
s in km/sec after correct! ng for the red shift of the comparison stars,
Y TOWS nm* in to the O-stars of the Trapezium in the Orion-Nebula.
B ooy i AR o Trapezium stars, and in the last
- (T '-"'.'!ll m
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s

10 reason being that
ly the relativistic
:':Jr I'Hd ﬂ]liﬂ{i
er 10, Struve and
s embedded in the
alue + 150 km sec.

shift for the O-stars
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” { this section, WO oo that the obscrvaltons
reaulta of U ;

1 shift which inereases ragidly with the
{ T |

f the star. For @ B2-star of cffective fw:‘{.“"f'rf:m'r'
ire O J ¥ [ 3,0 A b poprrospapeierief oo
WJ;*:::*:”:;I{:"T::F e ffect amounts o dMA= ";,'I}.\ g : !
3 ' The red shift 18
Dl-.:; pler ¢ffect af 10 km/sec. r,l“ na E_'h.it . to our pre
Pmﬂimml by the theory of relativity “”“-"E:mh der 10
adii by a factor of the order It
s e o “'-;l" hi\BEkm'Em' Since O-stars are rare andd the
red shift rises to about = face not yet sufficiently understood (their
.'C'.ﬂl mlldit'iﬂns u_t t_Illlll" AT TG i r- of Ty 2
physi faal ' heir surface temperatures are nob yel
spectra show, .., emission lines), Ghieir BUFH icher than the surlace
safely known, but they must be considerably higher [1;1':'“ _”‘ ”' | !_' %
) am T "W el
temperature of the B-stars and must exceed 25 DOVK. gy
base the value of the red shift on the above ment ioned value of | 10 km see
for a B2-star of 20 000°K,

Summarizing the
shaw clearly the pristence ¢

larger than the value
sent knowledge
or O-stars the

§ 3. GENERAL REMARKS 0¥ THE NATURE OF THE NEw Krrecr

The most essential feature of the new red shift is that it becomes
predominant for stars of the highest surface temperatures, when it exceeds
widely the relativistic red shift. For the Sun, on the other hand, for which
the most detailed and most accurate data concerning line displacements
exist, the observed average red shifts fall short of the relativistic predic-
tion. This means that the situation is just the opposite from that for
the B- and O-stars. In addition, the red shift reveals along the sclar
disc a pronounced systematic behaviour by increasing steeply towards
the limb in all directions from the Sun’s centre. For this limb effect no
explanation has been offered up to now.

It seems to me that it is possible t
if we give up the efforts to EFI i 7 ) e phenomona

passing through deep layers of intense rads :

p-erhnpa_ due to photon-photon mtﬂrauﬁﬂﬁgn m:ﬂ Bﬂ“ﬁ'ﬂ’;

E;ﬂif:t.rltll{{;t;ﬂt.lhhurih 1:;1:: the density of the radiation field and to tﬁ length

L 2e light through the radiation field. Using for the densit
ation field Stefan-Boltzmann’s law, we have thus o

wh e e oo i)
mmmm&:ma Ofkm“th' We shall assume that
lar ) i R energy chiefly inside the

inward flux of radiation exists.

depth down to which we
thﬁamltharnluenﬂ
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. these assumpti '

o -]:h new aﬂ‘&ntl? I?l::E o O o preliminary g i

S anry of this 15 better established. ure, until the
~ With I=107 cm and dvfv=—3-3 105 for

__ ve temperature, we get for the constant, & B-star of 20 000k

11

| A=2x10- degrees— ¢y

; 3 L L s s & & {.?.-}
.- mﬁuﬁ;ﬂ;?ﬂmiaﬂliﬂm :-ppl_v the corrections i tahle 3—
s ‘ OL o—vy the mean systemat;

-D-ata,rs ]in this way, we found for this red Hlir;ft thu o’

sec, mentioned above, R

e following sections it will be shown

_ g s that formula (1) gj

Ty dea-nnpt:mn of the n'hservad red shift along the H{]iilrvj;s:
the red shift observed in other stellar speectra and may cw:n'

it g-?ntsrpfat.a.tiﬂn of the cosmological red shift other than that of
AT 1 UNIVerse. F

§4. THE RED SHIFT OF THE SoLAR Lives

(i) Summary of the Present Situation

‘ ing tn the general theory of relativity the solar lines should he
8 ‘_-mla-trnra to corresponding terrestial lines by the amount

ANA=2-12 10-5,

wer telescopes, producing on the slit of the spectrograph an
Sun of at least 4 in. to 6 in. in diameter, are able to measure
isplacements even considerably smaller than this predicted effect.

‘has amassed a huge amount of material of solar

w ? known and although Evershed (1935, 1936) was not
any reasonable explanation for it, it was thought that, if
red shift could be safely established for the central region
the limb effect could be disregarded as being only a disturbing
mnd.a.ry importance. However, the observations of the lines
: the Sun’s centre did not reveal clearly the predicted rulfﬁvistic
- shift, Agreement with the theory could only be reached by adding a
; f!lrthu. rather aﬂiﬂﬁﬁ, hypothesis about aystematic‘nurrents in diﬁ'er.:ent
ayers of the solar atmosphere giving rise to violet shifts partly cancelling
expected gravitational red shifts. To characterize the situation, it is
ficient tc : : of Hunter’s paper (1934) on the solar

even the assignment
gravitational effect.
s walid must account
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312 . Finlay-Freundlich on the
 for the excess shift at the limb and the defect at the centre together with
the variations in these quantities with line intensity and with epoch,
~ and also for the observed form of the function representing the change
~in wavelength of a Fraunhofer line across the solar dise.”
~ This is in full agreement with later observations by Miss Adam (1045,
i are & most consistent set of observations of solar lines at about
0i. In fig. 2 (taken from Freundlich 1954), the values of the red

Fig. 2

Redshift (relativity theory)

E'-"'"'\I S
e "".r-- o
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o the centre of the Sun to the li
i B Ghosrvations mado by i:‘::?llfl:i"i];:n E'Ehll"-} are shown and
)in potsdam. These latter observations E&\?:: V. 1Hl'l|.|'|1'| rml-[l Briick
| ved shift when one moved from the centre u;fhl‘l:'r relative changes
12 radii of the dizes. The red shift increases al 0 LK to the limb
. same law—which, however, at that ti“.m muﬁ allradii according
teapvations of Miss Adam at 6100 A, which are ::,F b P S
souree, give absolute values of the red shift. rﬁil;?l;:z:;]mmﬁtrinl
which are hnsve‘d on a a.ua-_,le::tﬂd group of solar lines at nh: “: ﬂ}mr:
beer made to Ltmnmde with Miss Adam’s observations at Emn e
a of the dise. The practically complete coincidence of I;::.alt'
; demo nstrates the accuracy attainable with powerful tower t |tl
mﬂ,gmphaa].zea t-lllla general character of the limb effect. We SE:;'[
. ﬂ]rt.har discussion on thiz latest set of observations. Before
m we wish to q:,lﬂte Miss Adam’s summary which is very similar
one of Hun}ers paper (1934) :—" If we assume that the solar
de guffer an Einstein gravitational displacement, then we must find
pechanism other than radial currents which will effectively nentralise
Wﬂﬂt over 80-90 per cent of the solar disc and yét leave the
ratbelil ﬂhiﬂ} near t-]]E H'Ii'.l'l.b.”

(ii) 4 New I nterprelation

at we observe on the Sun is chiefly due to
e previous gection, we would expect 10
it

the new effect dizcussed
find the following two

erature to be GOO0'E, we would expect a

Taking the Sun’s temp
y the B2 stars by a factor

‘which is smaller than the one shown b
r (6/20) = 8131073, The shift should thus be of the order of
s or ANA=27x 107" The group of lines observed by Miss
‘mean wavelength 6100 1 and we get thus 4A=165x 1034
t i jon be the red ghift at the centre of the
t studied in the present paper.
the Sun’s centre 10 the limb, we would expect the
' pmpﬂrﬁnnal to sec @, 0 being the angle between the
solar radius to the point where the line ::rf_ sight cuts
«th of path through the atmosphere is equal to

: 'dfpil-ﬂl at the centre. 0
i -

least square solution for the quantities &

B Aliss Adam’s data. The

gty sect using
e y—(+1:8501)X 10-3 A.
| ,tharud shift along the whole surface

35 x sec ) 107" 4.
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; hift is in good agreemong
31 the central red s : .
The value of .]-H.'i.‘k: 10 JAJE:':;{ 10-% 4. In addition a constant 1_1:(! shift
with the prﬂdl_utﬂii "I"“l“_ﬂ only about one-fifth of the vﬂ.I‘m: predicted by
is found, h“? 1“: :“ 1:“ l[im fig. 2). 1t is of the greatest importance thay
' -L 11':1. - TR F: 5 . ' 5 .

tl'|Iﬂ mﬂfmxﬁs nm:rtrnk-:u up again from this new point of view.
SOUAT O !
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§ 5. OpservED RED SHIFTS OF OTHER STELLAR SPECTRA

The red shift effect considered in the present paper decreases so rapidly
ith Ed&cmming temperature that observable effects are only to hLe
Wi

expected for later type stars under very special conditions.

(i) A-Slars
The effective temperature for A-stars is about 10 ﬂ{r]ﬂ':'.H and tf:!c Il'l:'_!d
shift should have decreased to about 0-6 km/zsec. Various _stm]stmﬁ]
investigations (Gyllenberg 1913) of the I{-Eﬁ‘ect-lfm' A-St."LII:'E give, apart
from the dependence on galactic longitude mentioned eurlu_-t'. a positive
mean red shift between 0-1 and 0-9 km/sec. A mean red shift of the right
order of magnitude is thus indicated,

(i) Swuper Giant M-Silars

The surface temperature of these stars has decreased to 2 bout 30007k,
The characteristic feature of these stars are their very larce radii., The
mean density of their matter must be extremely low and according to
Unsold (1938) their atmospheres are about two thousaned times as
extended as the solar atmosphere. The depth at which the stellar
lines originate in the stellar body and the depth at which other lines
originate in the surface layers of their atmospheres must differ by the
great length of path these stellar lines must traverse. It was discovered
by Adams and McCormack (1935) that in various of the near and bright
supergiants of low temperature (given in table 4) lines which must be

Table 4
1 2 o 4 ik
a Orionis cM2 +3-4 -+ 58 450
# Pogasi M2 +5:3 +8:2 110
o Seorpij cM2 -+5-2 — 160
x' Herculis M5 +35 —_— 320

Column 1 gives the name of the star, Col. 2 jts
b, . ! > of . Col, ctral type. Col. 3 the red
shift in km/sec of the stellar lines with respect m?::ﬂn I, a:ﬂlmqu lim;;a of Na,

Col. 4 the red shift in kmjsee of the stellar lin : 2 {
es8 relative to of
Ca, Col. 5 the stellar radius in solar radii as unjt, e to the H and K lines

- Ilplwc:? the top law_:l of the atmosphere, such as the sodium D, and

-Lt‘;ﬁ;ﬂﬁdﬂm ]:'[I' and H lines, show g marked violet shift relative to the

8 general ex h-iil?ﬂ mt:;t Pla}:; theso systematic shifts as indicating
it e atmosphere of such b i F
¢ t0 upport, this | el ch stars, ut-t-hemmnuuﬁhq;_'
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% m to the ideas developed here we we ld interpret the observed
o ﬁphml'lilﬂnhl a8 red shifts of the stellar lines st II].”I"._.:T..{r
- aeph relative to the high level atmospheric lines.  Althou: r”“.l.
B lemnaratiure of these stars is relatively low (- w4 though the
. latively low (3000°k), the length
of path [ may be 10° times as large as in the case of the Sun Herice
' should be expected of the order of (3/20)8 2 103 10 |n'.l!r'| Ly _.
e hfhll agreement with observations, -
p list of stars in Adam's and McCormack’s paper containg also
BoBS star of Ty~ 13000°x and e Cygni (T 5~ 10 I'Hrlr'p:.]..
L two cases very much smaller values for { are, of eourse. sufficient

the observed red shift of low level lines relative to the atmo-

e

(iil) Wolf-Rayet Stars

t & W-R-star and the other component an O-star) and
-_eump:mant a W-E-star and the other component &
setral lines of both components can he observed in both
consistent set of orbital elements (Wilson 1940, 1949).
poity of the centre of gravity of the system as

purve of the W-R component gives a value

igher than the value determined from

ient (compare fig. 3, taken from
8 thus a red shift relative

mts should show red shifts

' R-stars show red

with 7'— 40 000°K.
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B atiering betwoan +17 kmjseo and +31 km/eco; H, gives
t of -+ 10 kmsee, values seattering here between -2 km see

wseo. To make theso two sots compatible, the red shift
for H, is corrected by multiplying the observed mean value
otor 21, the assumption being that the blending of the spectrum
jus B by the light of Sirius A makes such a radical correction

Fig. 3

a8 e
: nts of the binary HD 10001
m&g‘ﬂ?ﬂnﬁ, the lower
STy of gravity of the
TRy +'Hﬂkmfﬂﬂc and following
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B differ considerably from the vitlues
of the gmt;lmtlunul red shilt b
: Y very nearly equal to the solar
. h 0008 B. The new values of m:-n-wlI.u:::“:H it
red shift much larger than the re
Kuiper (1941) discusses, for instance,
m:-‘fﬁ f;]:: ]::3:];;1{ |i:h|Pﬁ:-nt:;il:l::::k}[ 1::1 lj]im of nearly 80 km, see,
ey wrdpiagy: e wld contradict the actually
the agreement of the observed and the
3 mhnnu:,r predicted \n,hu: s :llHl]-Illt('H. necessary., However, Gamom
- and Critehfield (1949) are also led to a ver y similar model for Hhr}uqu :
ﬂ.hu a mass of 0-98my and a radius of 0-008 B~ . They state. ulfilh:;ur,
giving further references, that these values are consisten with recent
observations. From these values of mass and 1
- shift of nearly +80 km/sec follows.
_.Thﬁ:l.‘& is obviously also in the « case of Sirius B growing evidence that the
ead Iﬂrl:l shift is mnsulmﬂhh smaller IJ]l” the value predieted by
y of relativity.

on which the first

ilet pp-
byeren ]Ju'!t-u_-rl

The mass is
d the radjus smaller
wding lead to g predicted
d shift so far observed,

a possible model for Sirins B

adius a gravitational red

& 8. THE CosMoLoGIoal RED SHIFT

Al character of the effect under consideration raises,
don whether it might not also be the cause of the

The observed red shift 4A/A increases for
m:u;j by ﬂ 83 10-#* which cor 1'9%111111[!& to

ling to the red shift in o B2 -ﬂm
to &p&th l5=1-2:< 10% em.

ic space is concerned,
2 near the absolute zero. no

;Iaj:@arpmt- the mmnniﬂg:u:l
.ﬂlhﬁ following equation



E. Finlay-Freundlich on the

suffers i i op it has to traverse coming from the
mn t.h-e1mmmmﬂt;:l:ft]'fr';:fl:f:lmrgalﬂ.ﬂtiu space is not completely
e di!tant attfdﬂlim ‘Hat;bium and Whitford's discovery (1945) that the
s “'I;Id]:d 3.]].1[{:3 accompanied by a parallel unaccountable excess

i Thus the light must be exposed to some kind of interaction

with matter and radiation in intergalactic space.
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§7. CONCLUSIONS
It appears that an effect of not vet established nature produces red
shifts of the lines in stellar spectra which overshadows the gravitational
red shifts predicted by the theory of relativity. This has obviously been
the reason for the difficulties which the astronomers encountered in their
attempts to test the theory of relativity. There are also indications that
where a gravitational red shift oceurs (constant term in the solar red
shift, Sirius B) this shift is only about one-fifth of the theoretically
The idea suggested here, that light suffers loss of energy in an intense
radiation field, perhaps due to photon-photon interactions, must first be
incorporated in the theory of the nature and propagation of licht before

final conclusions can be drawn. :
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