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Séminaire JANET 2=01
(Mécanique analytique et Mécanique céleste)
4e année, 1960/61, n° 2

POURQUOI N'A-T-~ON PAS ENCORE PROUVE L'EFFET RELATIVISTE
DE DEPLACEIENT VERS IE ROUGE ?

par Erwin Finlay FREUNDLICH

Precisely 50 years have passed since EINSTEIN, formulating the principles on
which a general theory of relativity had to be founded, realized that from an
assumed equivalence of the effects producmi}w'a gravitational field and by acce.-
lerated motions, it necessarily had to follow that all spectral lines in the solar
spectrum revealed a general red shift : AA = A . Aw/bz ; here Ay denotes the
difference of the gravitational potential on the surface of the Sun and Earth
respectively and c¢ the velocity of light. Hence all Fraunhofer lines should

appear shifted by an amount

é% = 2,12 x 100

corresponding to an apparent Doppler effect of + 0,636 km/sec . This general red
shift must be shown by the light from whichover point on the Sun's disc il may

be emitted. The problem of proving the existence of this effect has not yet been
satisfactorily solved. Initially Einstein's postulate met with great scepticism.
At that time, no detailed physical theory of the solar atmosphere existed. It

wgs believed that in the layers from which the spectral lines originate high
pressures provailed, and since red shifts of the lines quite definitely made their
appearance, pressure effects were thought to be responsible for the observed

red shifts.

This sceptical attitude however changed into a much optimistic acceptance of
the relativistic postulate when around 1920 Saha's theory of the solar spcctrum pro-
vod that very lowpressure values were to be expected in the highly ionized atmos-
phere of the Sun, but chiefly when the success of the British solar-eclipse cxpe-
dition in 1919 seemed to confirm Einstein's sefond postulate concerning the
deflection of a light beam in the gravitational field of the Sun.

Although from the outset thc comparison of the solar wave lungths with thoso
emdtted by torrestrial light sources never revealed shifts of the predicted
amount, constant over the Sun's disc, the existence of the general relativistic
red shift was taken for granted. Since the actually observed red shifts are in
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the centre of the solar disc usually considerably smaller, usually less than half
the theoretically predicted value of 2,12 x 10"6 , and since in addition the
values increase steeply with approach to the limb of the Sun even surpassing the
expected value, the contradivtion against expoctation was met by assuming that
radial currents in the Sun's atmosphere, producing predominantly small negative
Doppler-effocts, are responsible for the reductions of observed red shifts. As to
the rise ncar the limb, it became necessary to introduce in addition an otherwise,
unexplainable "limb eftTect".

On this foundation is based St John's proof that the general red shift predicted
by the goneral theory of relativity may be considered as supported by solar obser-
vations (1927). Ho accumulated fot this purpose a vast amount of obsorvational
material : 1537 lines measured at the centre of the Sunfs disc ; 133 linos meca-
sured near the limb, however no observations at intermediate positions on the
dise. The existence of the general rod shift was taken for granted, its value
subtracted from the obsorved line-displacements, and the romaining shifts thon
discussed from the point of view that Doppler shifts produced by radial currents
-~ difforent for difforent depths from which each line was emerging - and a limb
effact were responsible for the observed shifts. Thus, tho radial curront theory
was developnod to support the observed linc displacements., It nced not to be om=-
phasized that the proof of the existenco of an offect of such fondamental impor-
tance as the relativistic red shift asks for a safer foundation. Not only the
existence and character of the radial currents in the atmosphorc are still open to
criticism, but in particular the now safely established fact that the rod shift
surpagses at thc limb the thooretical predicted valuc proves that "the Einstoin
effect plus radial currents do not suffice to explain the observatiomm". Thore
are obviously causes othor than Doppler offects and the relativistic shift which
affect tho positions of solar lihes. A very nuch moroc detailed and accuratc ana=-
lysis of the solar spectrum is needed if the existence of the relativistic red
shift is to be safely established.

Such an analysis began shortly aftor ST JOHN had publishod his apparcntly
conclusive results, when without any referencc to a terrestrial light source
observations in Potzdan investigated the pattorn of differential solar wavo longths
along the disc from centre to limb. It came to light that in whatever dircction
onc moves from the centre of the Sun towards the limb all lines reveal steadily
incrcasing wave lengths. Near the centrc the incrcase is slow, becomes howovoer
steep as soon as 8in ©® > 0,7 (© = the angle betweon line of sight anfl the
solar radius to the point where the line of sight cuts thc selar surface). Along
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all radii from the centre to the limb the increase is the same. The pattern

appears completely symmetrical, following closely a law of thc form o + f sec ©
(« , B constants). If radial currents were responsible for the observed reduc-
tion of the red shift from its prediicted constant value, the increase towards the

S ma ° ol - e L]
limb should follow a law similar to & AA, =4 . OA o our. COF

At the 1limb all observed shifts should converge towards the relativistic value
of 3 é}%‘:z,lleo‘é.

This is quite definitely not the zase.

Hence the character of this internal pattern, i. e. of the steep increase of
the red shift from center to limb, had to be cleared up. This new chapber in the
history of the problem bogan whan in 1958 liiss M. ADAM, using the modern solar
equipment in Oxford, revived the whole problem. The course of the red shift for
14 selected solar lines was followed along a radius of the Sun's disc from the
centor till sin 6 = 0,984, and measured at 7 points. The observations are per-

fectly ropresented by the formula :
A, =X+ Yof(e) .
o T

Here the X& denotes the observed red shifts at the Sun's center for the line

"r " the values change from 11ne to line in an unaccountable manner and range

from - 3, 10 3 3 A to + 6,10 3 ) A . The theory asks for a constant shift of

13 x 10 -3 ) A for this special group of 1ines. Y is tho 1limb effect, practically

the same for all lines, equal to (2,04 - Zo ,04) x 10 3 A . Up to date, we are
unable to answer the questions which now arisc :

ae What is the origin and nature of the individwal central shifts X} ?

Y. What is the origin of the second term, with the factor Y ? Is it the
outcome of a physical effect depending on conditions in the solar atmosphoro, or
an universal effoct affecting tho positions of all Fraunhofer lincs ?

ce Is the constant relativistic red shift hidden in this pattern to be disen-
tangled foom it ?

As long as radial currents in the solar atmosphere were considered sufficiont
to provide a satisfactory model of its internal structure, the fact that at the
limb phe observed red shifts surpass the predicted relativistic value seemed
quite definitely to frustrate all hopes of a satisfactory explanation of the ob-
servations. Howover, during the last years, it has been realized that the
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granulation on the Sun's surface indicates the existence of turbulence in the
Sun's atmosphere ; thus, the conditions in the atmosphere from which the spectral
lines of the Sun emerge might be much more complex than hitherto considered and
the question (c) above needs further careful consideration. So far the influence
of turbulence upon the profiles of some faint solar lines has been studied.
Figures sEowing the representation of the changing prcfile for the iron line FeI ’
A = 5295 A , in the centre of the disc, cos © = 1,00 and for cos 6 = 0,35 are
given in the article of John H. WADDELL (l)a The best representation is obtained
accopting an anisotropic turbulence-model with the random turbulent velocities 3

E g = 1s8 km/sec , Etan = 350 km/sec . This research has only just startod and
so the model used may not be the final solution. But it reveals already what
values of the turbulent velocities may have to be considered. How the positions

of the observed Fraunhofer lines will be affected, whether in particular the "limb
effect" will find an explahation is still an opon question.

In any case, as long as no final and satisfactory model of the solar atmosphere
exists, we can not hope to be able to give a final answer whether the Fraunhofer
lines reveal the genmeral rod shift : AA /A= 2,12 x 10'6 . Had the developmont of
the problem first yielded a complete picture of the conditions undor which the
Fraunhofor lines are emitted, say, from an extensive study based purely on diffe-
rentiel measurements of line-displacements, sto = Ags without any reference to
torrestrial light sources, the universal character of the relativistic red shift
would have shown up as soon as torrestriel wave lengths had been introduced, as a
general unmistakable .shift of the zero point, true to its fundamental character.
As it is, if the rolativistic red shift does exist, it must be deeply hidden in the
complex pattern of the line displacoments revealed by the solar lines on the
Sun's disc.

At present no easy way seems to offer itself to disentangle the obscure situation.
It appears indeed more likely that purcly terrestrial laboratory observations,
bascd on the lately discovered M8ssbaucr-effect which pormits the determination
of extremoly small shifts of lines of the order of AM/A= 107 to 1071%
instead of 10’7 X in tho case of astronomical obsorvations, will yield the final
answer to the physical problem under consideration. The astronomical rcscarch on
this line will have to concentratc primarily on the solar problem of thc struc-
turc of the solar atmospherc.

(I) WADDELL (John H.). =~ Study of solar turbulence based on profilcs of woak
Fraunhofer lines, Astrophys. J., t. 127, 1958, n° 2, p. 284=-301,




