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ON THE DISPLhOERIEN1'S AT TEIE SUN'S LIMB O F  J..IINES SENSITIVE 
TO PRHSSUltJi AND DBNSI'I'Y. 

BY A., A, NABAYhNA AYYAB, B,A, 

In a discussion of tho displacernoiltfi of spectrum hnes at the euu's limb1, Messm. Evershod and Royds 
hsve shown that iron lines displncad to h'na violat by i n o r e n ~ ~ d  prossuro nro ~hiftod, in common wit11 tho 
majority of lines, to the red of their position nt tho oantre of the disc. The hypothnais that tho prossure 
of the effeati~o level of absorption at  ihe limb is grceter than that st tlia oentru of the disc, roquiros tbat  
these lines should 730 allilltied to tilo violct and not t,o tho rctil. Prom the sinnll i*elni;ivo aliiEt of t,Xle.io lizlos 
compar~rad with the shift oE thoso di~plnced to th9 red by prossuro, they conclailad thut the difforoncu of 
pressure of tha effootivo levels of absorption at tlle sun's limb nnd at the c o n t ~ e  of tho disc was small. 

It should, be remombored .that, in tho roversing layor, the v:bpour donsity of :my oloxno~lt will vwy 
proporhonaioly with the total pressurle if the relatlvo i~mounts oC i,lm various elomontn rern~in constant, and 
therefore any incrense or deorcaso 0% pressuro : ~ t  tha limb coinpared with $110 oontre of t h o  disc will loo 
accompanied by a oorresponding ~ncreaso or daoresso of vapour donsity. 

Now, certain lines, particularly of calcium and sodium, sro mtlolz more mnsitive t o  prossuro and donsity 
than iron lines. The limb shilts of the80 lines, ihoreforo, provido a, more rigorous tosb $hall the iron lines 
as to  whether there 1s s 1 a ~ g 0  difle1*sn0(3 of ~ P B B B U S O  and clonsi~~y between bhe sun's lirnl? a,nd tho cenlm of 
tilie disc. The lines availmblu ns baing sensitive to pressure or to donsity aro as Jollorvs :--(I) 
the sodium  pair^ aat XX 5680 and 6150, (2)  tho calcium tripleis a t  hh. 3 950, 4580 and GI20 and (3) the 
magnesium lines at XA 4362 and 4703. All fhosa lioos are unspmrnotrically widonod towards t h o  red o,nd 
undergo, with increased pressure or den~ity,  large displitcexnents to the red. It will ba shown in t,ho 
following paregraphs tbat e comparison of the limb shifts of these lines with thoso of other linas of the  
same level shows that the difference of pressure and donsity botween the affective 1 ~ ~ ~ 1 s  at tho limb and at  
the oentr~ of the disc must be very small. 

B~~:pel.ims~lGaZ DstniZa.2 

The spectrograph has been already desoribed in  Xodaikrtn~~l Observatory Bulletin No. XXXVI. The 
method of making exposures of the centre and both the limbs simultanaouslp is tho same as that given in 
Kodaikanal Observatory Bulletir~ No. XXXIX. In the region 6150 some o f  the platas wora also obtained 
by alternate eTposure of the centre and each limb separately. Observations were made bobween latitude8 
O0 a d  75' at B distance &E one-thirtieth o f  the sun's radius infiido the limb. The higher lstitudev were in 
the regions AA 5680 and 6150. I n  the region A 6150 the second order spectrum was us03 ; in tho other 
regions ths third odor  was employed. - - - ------""..- 

Kodaikanal Observatory Bulletin No. XXXIX. a The p h ~ t o g r a ~ ~ h s  were taken by the D~roatox and Assistant Direotor. 



The following table oontains the limb -- centre ~ h l f t s  of all the lines measured :- 

TABLE ~.-LIMB - CENTRE 8HIl!lIL'S. 

[Lines mont serlsltlve t o  pressuro and dexlsity are nlulrud ur, hulng u~lsyrnmoCurlcolly wldonocl Z,uw,rrds the re4 ] 
llll_lllll ------..------ -__.I 

Inmb - ctrlltca Llmb - oeo t r e  . 
Narlh)ap - ---___-_ -_ _ 

h (iiawlancl). LntenslCy. of 
tUB&RLlTOB 1Cod~~i -  

* l'heae values ave taken from Rodaikand 0bservak;tlory Bulletln No. XXXIX, 

For comparison, Dr. Adams'a values are also givon under the heading " Mount Wilson.'' G e n e r a l l y  
there is B fair agreement except in the region A 6150, whore my  values are much smdler than Adems's, 
The catuse of this is not clear. As atated above, the plates in this region have been obtained both by 
oomparisou of each limb separately with the centre of the d m  and also by simultan~ous exposure of both 
limbs and the centre in a manner identical with that ~f photographs in other regions givmg good agree-  
meat with Adams. My experience agrees with that; of other workers, who have fouwd that tlie volue for  
the limb shifts vary considerably from plate to plate in an apparently arbitrary manner; in a p a r t i o u l a r  
plate, while the majority of lines rnay have their average ralues some may bave abnormal values, n o t w i t h -  
standing the fact that they give correct values for the rotational velocity of the sun. Whe6her t h e s e  
variations are due in some way to the phot~grn~phlc process, such as the unequal shrinking of the film in 
drying, or sre  real phenomena having their origin in the sun is a matter for invest~gation. 

Comparisolz of the ahiffs of sensitive lines wzth those of other lines. 

I n  Eodaikansl Observatory Bulletin Nos. XXXVIII and XL, Dr. Hoyds has shown that an inorease of 
density displaces unsymmetrical spectrum lines in the dlreotion of their greater widening. So far as w e  
know, the pressure displacements are also in this d~reation. Consequently, the limb - centre shifts of lines 
~ns~mmetrioally widened towards the red will be greater or lesx thenthose of symmetrical lines at the s a m e  



level according as the pressure and density at hhe limb are greater or less than at; the crentre of the disc. 
The lines chosen for comparison with these sensitive lines should be sylnmotrioal lines originating at the 
same level as the sensitive lines in order to eliminatu d~ffercnces of velocity depending on level i n  the 
reversing layer.' According to  St. John's values for the radial motion m sunspots, the level of tho 
sensitive lines XI, 3949 (C:L), 4005 (Ca), 5682 (Na), and 5688 (Na) rs tlze same as that of the iron lines of 
istensity 2 to 4, and. the level of the magne,clil;~111 lines AX 43.32 and 4703 is the same as that of the iron lines 
of intenaxby C t o  7'. The average limb-centre shifts o f  tlxose lines are compared m the following table :- 

X'ABLI IP.--.~~vEI:AQE LIM13 DISPLACEhPENTS OH !'ENSITIVE LINES CQYPBXED WLTLI THOSE OF IRON 
LINES AT THE SANE LEVBIL. 

* Tlleae vltluo~ are from Koda~Icannl Ohsorvatory Rulletirl No. XXXZX, Table IT.  

Bensit,ivc lines 

- --- 

It will be itpp.rrent from the above tohis t h t ~ t  thc limb shifts of lines sensitive to pressure and aensity 
are smaller than t l~ose ol iron Zznos at tile e;uue love1 , 

The shilts of all tho  salisitivc lmes r n o a ~ n ~ e d ,  coolparod with thclse of iron lines 011 tho s%me plates, sro 
given in Table 111. 

TABLE I~I,--AVE RAUI!: DIHI'LACIYBIN'E 8 (LIMB - CBNTRN) OF fiEN23I.TI VR SINES, COMPARED WITll 
THOhE OB IRON 'IrINlOd ON THE 88311 PLA'l'lGS, 

39.19, 4095,6682 and 5088 . . . . . . I  i O*OO%A , . F L * 1 7 0 * * i  2 t 0 4  

iSLcsn uhift. 

I Metzn shift. 

Iibon 1ln(w t ~ t  tho game 
1evt:l 

Moan 1 intennty. shift,. 

Here agmn it is seen that the shifts of sensitive lines are generally smaller than those of iron 1ln.e~ 
are less sensitive, The line X 3949 is the only apparent exception, which may probably be accounted 

for by the higher level of the iron linea with whioh i t  is aompsred, as judgod by their mean intensities. 
--- 

I Sea odaikanal Observatory Bulletin No, XXXV1, ptlge 52, 



We are led to the same oollclnsion if we compare the unsymmetrical crtloium lines with the symmetrical I 
calcium line&& 

These results seem to point to slightly lower pressure and density at the limb than a t  the centre of t h e  
disc, since lines displaced most lo the red by pressure and density have a sliglit ~e la t i ee  shift to the violot. 

According to Hnmphreys, the mean pressure shift for the sodium lines Ah .5682 and 5088 is + '055 A pop 
atmosphare and that for the caloiuln lines Ax 6102, 6122, and 6162 is + -024 A per atmosphe~e. The mean 
limb -centre shlfts for these two groups of lines are + *004 A and +*003 A respectively. Even assuming 
that the absolute limb-centre shift is entirely duo to pressure, it  is mterestii~g t o  find that the difference of 
pressure between the limb and the centre can only be a fraction of an atmospl~ere. 

We see, therefore, that, even taking the limb shifts of lines much more se~isltive to pressure and 
density than the iron lines, the difference of pressure and density between the limb and centre is vory small, 
in  agreement with the oonclusions of Measrs. Hvershed and Royds for iron lixzes. The bu,lance of evidenoe 
is in favour of slightly lower pllessure and density at the limb thsu at the centre of the disc. 

I take this opportunity to express my thanks to Dr. Royds, at whose instance tho work was Lalren in 
hand and whose many suggestions at varions stagee have been of invaluable help to me. 

A. A. NARAYANA AYPAB, 
TCiilrd Assistala t .  

- 
3YADRAS : PRINTED BY TBB SUPERI?S'J!ENDB)NT, OOVEBNMENT PRIESSO 


	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif

