
BULLETIN No. LIIH, 

THX DISPLACEMENTS OF NICKEL AND TITANIUM LINBB 
IN TEIB SUN AND ARC, 

The displacoments of the iron lines in the solar spectrum have been given in prrvious bulletins ', and from 
the sun-minus-allc clisplaccments Mr. Evershed dcdncecl a vertical current at tl-rc centre of the sun's disc 
decreasing with clepth, mcl a low pressure in the sun. I t  was shown, however, that lines which are 
t~nsymmetrical iii t,lm arc llsve abnormal displacements in the sun, and these lines had to be left; out of 
congidexatlon. In extcn~ling Lllc rnvcstigation to nickel and Lik~niuxn it has t o  bc remarked that these abnormal 
displacements aTc much more Prcqtzcnt than with iron. In  tho case o l  nickel i t  is doubtful whetllcr thwa are 
any rcally symmrti~icnl lirles in its spectr~~m. So r : ~ ~ c  arc! sy~nmrtriml imes in nickel and titanium that it has 
not been possible to confivm, exccl)t to a limilccl ext;e.nh, the conclusions a~rivod at Irom tbe iron linos, but one 
can only sslv that tho results from niclrcl and Lit,dninrn are not incomsigtont wit11 tbo.ose indicated by iron. 

Five separate investigations of displacarnc5n.l~ wcrc carried out, namely :- 
(i) Centre of szziz's disc rninurj contra of nickel arc, 

(il) Ccntre of sun's Elisc minus contre of tiltnium. arc, 
(iii) Lirnb of szu~ minus conLro of sun's clisc, 
(iv) Nogativo polo of nick01 arc minus contro o l  n i ck~ l  arc, 
(v) Negrtt;ivo polc of iihaniuxn :LYC xninn~ c~n t rc  01: titanium arc. 

Tlze clisplsceincrzts rvlaasurecl are given rn Tableg X X :  and, X at tho cnrl of this btzllatin. Tho limb-minns- 
mc c3isplacernenls wcrc obbainod by adilltion of tho digplacornents in (i) ant1 (iii), and in (ii) and ( l i~)  Eor nickel 
ttncl titanium reapcctivcly. 

The spectrograph has been clescribccl pr~?viously~, bnt has now an Anderson grating with '3'7 x 12'8 cm. 
rnled space ancl 75,0235 lines. The third oiirler spcctrum was t~s~rcl. snd t;he dispersion varied from 0'85 
angstroms per mm, at A 3,560 to 0'64 angstroms per mm, at 5170. Tho optical armngernent fo r  
pl~otographing Sun and arc s~rn~zltanoously was Lho s w e  as that o~nploycd previouslya and. the davice uscd for 
photographing the two lxrnbs ant1 the ccntrc of tllo disc simultaneously was tho same as that described in 
IrIollnikanal Obxervatovy Bnllotin No. XXXIX. Care was taken that; tho gratzng was uniformly illuminatecl. 
Prom each of the diIIIeyenL light aaurccg whose spectra were required in juxtaposition for measurement of the 
displacement of tlze linca. For tl-rc atljustmemt of  tho limb and contre plates in the micrometer, linos of the, 
iron arc were impressed on t1.1~ plates but wero not used for measuring displacemcnis. 

The eleckic arc was sappliecl from a battery of 110 volts and burned in air at 580 mm. prossuxe (the 
normal atmospheric pressure at tllc altit~xde of tho observatory), The arc wwag placed vertical, parallel to the. 
slit, with a length of 10 mm., enlarged to 32 mm. on the slit plats by a condensing lens. The arc length 
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and current were kept as constant as possible tlirongho~rt the series of experiments but it will be readily 
undersLo~~l that the displacement at the negative pole depends to such a large extent on the instantaneous 
condition of the arc t l l t  the ~11otob*ra131ls do not form one homogeneous series even though the regions 

were rnacle to overlap. This does not apply however to the sun-minus-arc determinations, for 
the w;tvelengtli at the centre of a Ion&! arc is s~mci@ntly  stable for the whole set of photographs of about lOOA 
each to form a lioinogeneous series. 

rplle arc had gonerally to be expose4 longer than the sun to give easily measurable arc lines, so that the 
exposures were not always strictly ~imtlllaneo~s, but %the exposure in the sun was always made in the middle 
o~ tho arc exposure wit1-~ont interrupting Ihe latter. 

In each region. of the spectrum it was found necessary (as also previously with tho iron spectrlxm) to have 
some photographs wit11 a short cxposure on the arc and some with a longer exposure. The stronger arc lines 
are in the sliort exposure pldos 511~1 tho fainter lines in the long exposure wit11 a sufficient number 
of: line$ mcasurcd in both to prevent systemaLic iliaerences bsing unnoticed. This procedure 1s necessary m 
order to avoid making measures on ove~cxposed arc lines, for in my experience it is not possible to set 
accurately on tlzcrn ancl in the case of unsymmetrical lines the measures may not be true owing to the 
diEoulty of ~Iistingnishiizg tlio 17osition of rnaxlmum intensity. 

Mcasureinonts of csch platc wextc made with .tlie red on the right hand slde and again with the red on the 
left, and .wer@ mads in ~luplicatc by two measurers. 

Many lincs are inclnclcil in Table IX wlzicl~ were no21 identified by Rotvland, but there is litLle reason to 
doubt their idontiby, Rowlimd rnis~od thorn perhaps because he did not recognise that lines, nebulous and 
faint in tho arc ilyo gonorally ~t~engthctiatl in the Fjun (being high temperature lines) and had no reason $0 

expect "snclz Zirga dilTe~aonces oE wuvclcn~tli between sun and arc wliicli we now know to be due to the 
unsymmetrical cha~acter of spectxtum lincs. 

1. T74s dispZacsnzont at the nogative pole of the rnickel arc. 

These displacoment~, givcn in Tablo IX, column 6, each the mean of three doterminations, have been 
measnrecl in thc sama way ag tl~oso of iron and other elements described in ICodaikanal Observatory Bulletin 
No, XI;, As tl~cre was no supply of pure niclrol available, " nickel " coins (value one anna) of the Indian 
coinage were talcon for tlxo arc, Tlzo cains arc an alloy consisting of 80 per cent of nickel with 20 per cent of 
copper, A coin was made tho lower, negative, electrode and tlze upper electrode was commercial iron. With 
this arrangement tlie arc b~u*nccl vcry atcadily, rnoro steadily than the arc between two iron electrodes ; the 
iron lines wcre produced simnl.tancoualy mil gave a checlr on the consistency of the results wlth previous 
measures of the sun and iron arc. Thc arc length was 10 rnm, throughout, enlarged to 32 mm. on &he slit 
plate, and tlia current stwngth 58 ampares. In ordor to avoid iron globules adhering to the anna coin when 
the arc was sZ;mclc, thc alcclrodc~ wero ncvor brouglit into contact but the arc was started by ~nserting a piece 
of arc carbon between t11e elockodes. 

Except in tho region above X 3900, most nickel lines undergo a large displacement either to the red or to 
the violet. AS in the cases 01 other elements klle lines are displaced in the direction to which they widen 
unsymmetrically in the arc tind those lines w1iicl-s. appear symmetrical have zero or small displacements, It is 
not claimed that tho negative pole displacements less than about 0'004A recorded in Tables IX and X 
are real, but tho means of the measures hwc been given without modiElcation. In  some cases where the lines 
are too faint or diffuse for measurexnont the direction of the clisplacement at the negative pole was evident under 
low magnification and has been noted in the table. 

There is a parallelism between the pressure displacements givon by Duffieldi and the displacemenis at the 
negative pole but it is very doubtllul whether there is any physical relation between the true pressure effect 
and the negative polo displacement, It seems more than probable that pressure displacements as determined 
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from increasing the pressure of the atmosphere surrouncling tlie electric arc axe, t o  a greater or less degree 
depending on the condition of the experimelits, not free from the clisplacernents observecl at the poles of the 
arc. Consider, for example, the values given by different exporinacnters for the pressure shift of L11e Mouni 
Wilson group e of the iron lines which are clisplaced io the violct at the negative polo. The lines of this 
group were originally defined as those wllich shift;, ancl widen unsymmetrically, towarcls 1l1e violet under 
p res~ure ,~  and Gale and Adlams give the pregsuue shilt of the group in the regioii h 5400 to bo - 0'0148 per 
atmosphere (i.e., to tlie violet) in comparing the arc ? n  vnc?ho with t11f; arc a1 pressures up to 1 or 2 atmo- 
s p h e r e ~ . ~  St. John and Babcock, howevcr, comparing tho arc in vaczco witl~. tliat at pregsures up to 1 atmosphere 
obtain a value of + 0'0017A per atmosphere (~.e., to the red), at mean wmelcngbl~ X 5392 and - 0'0035A pcr 
atmosphere (i.e., to the violet) for the lines at meall wavelengtlx 3755" St. John and Babcock clo not state 
why their experience differs horn that of Gale and A d a ~ n ~  worlring between the same pressnres, but one may 
assume it is because tliey have hacl a longer arc, or have avolclecl the palm regions, or botll. It; is probable 
that the values of St, John ancl Babcoclc are more Eroe from tlio polc displacement but it; is ope11 to question 
wl~e'cher they represent the true pressure shift; cveli now. 

It is to be noted that the liilcs showing decided clisplaccmcnt at; tlze negativc pole are gonorally high 
temperature lines belonging to tl~osc groups wlzicl-~ a ~ o  faint or absent, in t11o furnace sl~ectrurn. accorcling to 
the experiments of IClng,"ut are not enhancecl in Llle spark. 

These axe given in col~unn 7 of Tablc IX. Only i11.o central portion of a long arc was usocl. for 
comparison with tlie centyo of the sun's disc. 

(a )  Relation to negatzvc pole d~sp7laccmerzts.-T11e intimato relation betvvccn ti110 d.lsplacemenis in ihe 6un 
and at the negative pole of tho arc is at 011.~0 evident; from Tablc IS. The lincs with a clccidacl shift to the 
Piole4 at; the negative pole are clisj~laced ill tho gun more to tile recl thnn lines mitlx zero or slight 811iJlt at the 
negative pole, and those witli a al~ift lo t l~o  red at i l ~ o  ncgdivo palc arc clisl2lslcad Go llze violet iu the S L X ~  or, in 
a few cases, only slightly io the red. This ina~cates that the condilion of the vapour (probably vapour 
density5) at the centre of a long arc is intermediate boiwccn tllat; in tlw sun stnil tllnt at Llie ncgrabivo pole of .the 
arc. I n  the following table, the averago sun-minus-arc clidp1accmcnt;a aro givon for lixlea clas,riSzccl according to 
the amount of the shift at the ncgativc polo of tho arc. Tho rcsalt of the tdbla i$ crnboclie~l in b210 txccounpanying 
diagram. 

D~splaccmen L a i  negative polo, Ovcr - 014A - Ol4A $0 - 0T):l.A Lo -I- 'O04A to Ovor -I- *Ol4A, I - -UUlA .  I + A .  I + Q l 4 l  1 

On account of the non-homogeneity in tho saries of tho negative pole flllifts referrod to previously, it 

Mean d~splacemcnt at ncga,i,ivc polo .. _-_--__ 
Mean cen2;r'e-mi11us-arc displncornont 

Number of lillcs ,,, .. ... .., 

Is of no service to  attempt to formulate algebraically tlio law connecting solar ~Iisplacementg and negative 

pole displacernenls, but it woulla seem from the diag~arn that a displacement to the rod at Lhe negatiivo pols 
results in greater abnormality in the solar cli~p1acemen-L Glmn an. equal one to the violet would, andl that small 
displacements at the negative pole are proportionaiely more eSEectivo than largo clisplacernents. 

- 022GA. ---- 
-t. 0lOG.A 

7 

a EL. John &nd Mlss Waro, As.tropliysica1 Journal, 3G, 14,1912, a Gale snci Adams, Asfsophys~cnl Journal, 37, 391,1913, 
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FIG. 1.-RELATION OF SOLAR DISPLACEM~NT TO THE DISPLACBMENT AT THE 

NEGATIVE POLE O F  THE ARC. 

To ihe relation expressed in Table I and the diagram there are 0111~ '13 excephions (not included in tho 
table) out of 124 lines with negative pole displacemelzts noted. Perhapa they aye clue t o  their being unsnspccted 
blends in the solar spectrum. These 13 exceptions are given below :- 

( 6 )  Relatton of sun-mznws-arc dzs~lacernelzt to zntensw?y.--Mr. Evershed has shown tllat t l ~ e  stiiongor iron 
lines (i.e., high level lines) have larger displacements to the red than the weaker lines, and these displacemcnta 
were interpreted as Doppler effects clue to a descending current at the centre of Ihe sun's disc decrcasing with 
depth. The nickel lines, however, taking account only of those with zero and slight pole clisplacerrlont~, do not 
show any variation with intensity as the summary in Table I1 shows. 

Exceplzons to Table I. -- 
A I S W ~  at nog;ltive polo ! 

TABLE 11.-ReZation of sun-mznus-arc dzsylacements to antensity for n1c7ceZ Zines wwzth xero or s1igJ~t pole 
dzsplacernents (between k 0'0038) exclwdilzg - AA -- 3772'673, 3793'745. 

-- 

3772 673 
3793 745 
3913 123 
4164 804 
3670-536 
4006 304 
4284 838 
4325 777 
4401 709 
4459 199 
4925 746 
5099 497 
3724 970 

p- 
-- 

.t . O O l  A + .010A 
0 - 7 - 2 - 1 
0 - 2 

+ 5 + 5 
+ 13 + 15 
+ 13 
+ 13 
4" 19 + 4 
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Thus the lines of mcilil lntlcnsity 6.0 hnvc a men11 dis~~laccmcnt l a rge~  than that of lines of mean intensity 
1'9 by the cloubtfnl amuont of 0'0005 A. dcconlillg to 81. John' lines of nlclccl and iron o f  equal intensib 
originate at the stme level i n  the sun, am1 consequently me must expect eqnal dlsplilcemcnts if  duo to Doppler 
effects. The absolute (I~splaccments of the niclicl lines, + 0'002S.A. for mam intensity 4'1 are in gootl agree- 
ment wlth thosc of llle iron lines' betweon illtellljlticx % and 7, n m e l y  + O*OU31A, mean inLcnsitly 3'9. 

The variation o f  tllc dlsplacrmcnt bctween lines of rncan intensity I.!) and 6.0 is small, in agroesncnt with 
the  results for iron lines of like intensity but Ghe strangest niclcel lines in the above lable would have been 
exl?ected t o  give largcr displaceznents, Pc?ibllal)s the reason for  this discrepancy is to bc fonncl ilz the fact that 
t he  nickel lines although al~nosL o~ qmte symmetrical in  the arc at :lti~iospharic pressure are feally unsymmetri- 
cally widened towards tlie only becoming obvlonsly so under pressure as shown lor almost every line in 
column 5, Tablc IX, Elom tho data of ~uf f ic ld '  and Bilham.& It should be remembered, bowover, that the 
nickel lines on the whole originate at lower levels than the iron llnes which havc been stndiecl, and. there is 
some evitience wit11 the won livlos that the variation with intensity bccorncs less at t l ~ c  lower levels. 

( c )  P I Y J S ~ ~ ~ L ? ~ ~ !  192 I k c  #s'?/.%-A% rc~ationshll:, coulil also bo traced betwccn the sun-mixins-ma displacements 
and the pressure slrift, giving incLicnLions of nearly zero lwessnile in  tho sun if all lines aye consiclered, but this 
apparent relation is l~rinclyally clue to tho tlepenrlencc of t11c 1)rcssnro shifts of niarrymmcLrica1 lincs on blie 

shift  at  the negative pole. At present we am only rrlulrc use of tho lincls whicll ~~nclei*go zero and sllgl3t shifts 
a t  the ncgat,ive polt?, allhough even thcse linee scPlrl, fxloxn wbat has been said 111. (7)), to bc ~rndor snslncion. 
The range of the pressnrc sliifts for these lincs is sr~lall hut t;Izcg can bo cliviclccl iulo two groupR of move m d  
less affeci,e~I lines nncl l l ~ e  i~ i c ;~n  cI1sj11acc~men.l~ i'or the two gronlx! alic given ill 111. 

Px-uswra shif'l, per :~t1110- + 0 flOl1A 
spherc 

<___I_____- -1_.--.--"----+--1 

0 - :~r,rc; dtnplt~ccxxluz~t . ,, I- C1'0032A 
-_ - -__ . - I__  --C-IL-.-I- 

Numbor* or 1111~~ ... . 15 
I 

There is no cllKcrcncc in tll~c. soli~r cLlsplact*~u~nt for tlze two gi'oz~ps Of! 8ymmc?Grbical lints with a, ralalivo 
diflerence of pyessnrc, slnl t  o l  0'001,'jA per atrnosphca~c. Tllc solalv /w.?srnre i s  thcr*oCo~i! i ~ l ~ l  lo tho prcssure 

of the atmosphere at all;ltutle o f  tho obscqbwlor'y. 'rhxs ~~cisult is in ugl1ccln0nt villi t~hc I)r.cfilgurc dctluccd 

f ~ o m  the symmctsical zlhoil Iinchs. 

Mort? :~fFoctorl line# -- 

I t  is seen from colzzmn 9 01' Tablc IX tllat tlzc! limb-minus-ccnlre dificplacexnenta nlbe nlorct regzalar tham 
the centre-minus-arc clis~jlacoments ; Mr. A. A. Nwayana Ayyar had shown' tlmt lilies with very large oontxe- 
minus-arc displacements havc normal valued f o r  the llrnb-minus-ccntr~c displacement, and W I C  values for  
nickel tllis T11ere seems to be no conxzeotiion w1l;ltevc.r bolween limb-minus-oantilr displacements 
and the nnsyrnmetx~cal character of the lines as eviclenced by the Hhift ut ihlr! nrgtihivc! pole. 

LOHH t~ffoot od X I I ~ O H  

(a)  R~btzun to  7ntens?ty.-Only 21 lines with slight sh~f t  at the negative pole are ~ x b b l o  and their 
mean limb displacement is given in Tablc IV. As, however, them seems to be no nbnor~nality depending on 
pole displacements the mean8 of all lines irrespective of the  villne of their polo shifts have bern given in 
Table 8. 

' St  John, A.strophysiczl1 Journtll, 38, 341, 1913 9 Kod~tlranttl Obxurvatory Bullct~n No. XXXVIII. 
Duffield, Phll Trans Ray. Soc., 205, 215,1915. 4 Bllham, Phil. Trans. Roy Sac., 213, 359, 1914, 
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T A ~ E  1V.-RclaEzon of h'1n7,-nzl'nus-centre and 1~mb-~nzn~cs-n,.c d~splacemants to ~? '~ tens t , t~  for Z?,nes 
with nogatwe pole sh~f t  betwefn f 0'003 A. 

--- 

Intensity . . .. l o l i l 2 l a  I - T I , l f i I ' i '  

From these two tables there is slight evidence of' the variation oE the llmb-nilnu8-centre clzdplaccment: 

2 
- - - - - _ _ _ - - - - ~  

-I- 0026 

+ 0032 --- 
+ .0058 

Limb - centro ... - -  
Centre - arc2 ... 
Limb - arc ... .. 

with intensity whlcli was found wlth the iron lines. Bxcept for tlie lincs of intensltg 0, t11c v:iriatlon is so 

G - 
+ 0045 + -0035 I 
+ 0020 ( + 0040 - ----- 
+ 0068 1 + -0075 

1 

-c 0045 

c 0023 

+ 0068 

3 

+ 0050 
.-_L_--I__l-l_--__II--~___l___--I-__l 

+ 0022 

+ ,0072 

-- 
Intens~Cy . . - 
Limb - celltre ,.. 
Centre - arc1 ... ------- 
L i m b  - arc .,. ... 

small as to be of donbtfnl rcality, llowever. The ztlssolule values 01 the clisplncernctnls aro sllghtly snmller 

0 

0000 

+ .MI20 

+ 0020 

+ 0014 ---- 
+ 0020 

+ 0034 

than those of tlze iron. lli~es at the same level. 
( b )  Relatzon to wccveleny/t7~.-Tliere is a sligl~t va~iation of the limb-mlnns-cc!ntre drsy~lacomont with 

wa~elength, the mean for llaes from. AA 3662 to 4490 b m g  -i- '0025A and that frorn AA 4513 to 5lCjO being 
+ '0036k. 

4 

+ 0085 

+ 0028 -------- 
+ 0113 

(c)  Lvt12b -mn$w,us-a.).c dxs$laccl~zents .-If the limb-minus-a~c displacements aye o bhin ell by aclcllng the 

5 ---- 
-1- 0065 

+ 0037 

+ 0102 

+ '0034 - 
c ,0023 

+ 0057 

limb-minus-centre shifts to the ceuhe-minus-wc shifts the results are seen i,o be xn:~inly deponrlant on tho 
influence of the negative pole displacement on the last mentioned. Taking, therefore, t h o  con21re-nlinns-;zrc 

+ 0034 
----__. 

+ 0032 
- - l _ l _ _ _ I I _ _ _ . _ _ I ~ - - - l - -  

+ *0066 

displacements of only those lines which have zero or slightl displacements at the ncgatiivo polc, the ~~olntionship 
01 t11e limb-minus-arc displacements with inteizsity is slzo-wn in Tables IV and V. As was to be cxpoclccl from 
the approximate uniformity in both lzmb-minus-centre and centre-minus-arc d~splaceinents, Llze rcs~zltant lirnb- 

- - - - _ C I _ - - I _ _ _ . - - - - I _ - - - - - - - ~  

+ *0044 

+ ,0022 

+ *OOGG 

minus-arc displacement is also nearly constant. 
The absolute values of the liin1.1-miii~zs-arc displacements of nickel lracs nlle smnllev tllatl tliosc of iron 

lines d ~ ~ e  t o  smaller values for both limb-minus-centre ant1 cen tre-minus-arc. 

+ 0048 

+ ,0028 

-+ 0070 

1. T71e dis~lac.lzmanf at  the ?zegc.al;.~z)e pole of t7zo t./,tnn~,u~~z am. 
The arc spectrum of titanium was obtained by feeding small quantitiee of titanium lnctnl oil to the 

lower, negative, electrode of a carbon arc. Tho deterrninatioiz of the cllsplscernent at thc nogntjvcs 1~010 was 
confined to a few regions containing strong lines as tho supply of titanium was insaficient for the cornplcte 
spectrum. On account of the surprising brilliancy of the lurninons spot near tlie negative polo the lincs are 
usually overexposed in the few photographs obtained, and the measurements arc conscqn cntlg 11o.t go nccuratc-! 
as rs desirable The arc length was 10 mms., and the current strength 6 ampircs. 

The displacements at the negative pole of the titanium arc are given in Table X, col~zmn 4. I t  is seen 
that tho majority of the lines investigate& give appreciable clisplacements at the negative pole, mostly to the 

-c 0056 
--____l-l_-C__I_-II__- 

+ 0037 

+ 0093 

red, ancl the displacements seem to have no relatzon to  the pressure shifts. 

2. The sun-manus-arc dzsplacemonts of titanawm 11;nes. 
Tlzese are given in column 5 of Table X. 

+ '0043 

+ 0023 

+ 006G 

(a) Relation of sun-mznus-arc displacenzents to negatiue pole displacemen~s.--As in the case of nickel, 

-I- 0035 
-__--- 

+ 0040 

-I- 0075 

the shifts at the negative pole are fieen to account for most of the deviations from normal displacemeat. 
&oupiag the lines according to the direction ancl amount of their pole shift a relation similar t o  that for the 
nickel lines is obtarned in Table TI. 

- ---- 
I The centre-minus-arc displacements are derxved from a larger number of lines in some cases. 
"he centre-minus-arc displacemellts are ciorived from lines wiih sl~ght pole displacement only. 



TABLE V1.-Relatzon between sun-minus-urc displnccm,ents and ~aegatiue pole displacenzernts 
fo r  fitnnzum Z7,ncs. 

Displacement at  negaf~ve pole ... - O08A to  - '004A --------- 
Mean displacement nZI negative pole ., ------ - 
Mean srm-minus-zrc d~splaccment . . --- 
Number of lines . . . . . . . . . . . . 

( b )  ReZation of sun-minus-a?-c dispZnccnzerbts t o  /r:ntsnsity.-The range of intensities of titanium lines is 
less than that of either nickel or Iron. All lines were .tiken into consiclcration as the pole shifts are not 
known throughout the spectrum and tlle means are given in Table VII. 
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According to St. Solrn the linos of hilcanium originate at the aamo level as iron lines 01 inlcnslby higher by 
one unit. Above iiztonsiiy 2, tllc absoluto vzllnc of thc mean d~spluceru~ent is in sa.tisfzzctory agrooment wilh 
that for uickel and iron, but below iiatensrty 2, tllc alxifta aye amallor than expected. Pcrhups the oxcluaion of 
all lines exl~ibiting pole sllifl woz~ld rcctify tbia. 

(c )  Prosszcrc in Lha sun.-On account of the dependence of tho solar displacomonts on $110 polo did- 
placements and also on acconnb of tho yancity of lines with small displacemonts at t11o pole it is of littlc servico 
to attempt to deduce tho pressrrrc in t;ho sun from tlic rolativo ahift of tlto more md loas aRccLod line6 OS 
titanium. The result however, aB in tllo case of nickel, taking all lines into account is in t11o noighbouuhood of 
absolute zero pressure in tlxc? sun, l)ut tl~is is nuL J3~liovcd to repre8ent the true aolar prs?asure, because  liner^ 
exhibiting pole displaccnl~nts have not been excluded. 
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All lines have been titalcen into consideration on account of the incomplotenesa of the dotermination. o f  the 
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The absolute valrzes of both limb-minus-centre and limb-minus-arc displacements are smaller than those 
for the Iron lines at the same level in the sun. The smallness of the latter displacement is probably principally 
due, as in the case of nickel, to the abnormality of tlae centre-minax-arc displacements on account of the 
unsymmetrical character of the lines in t;he arc. 

My best thanks are due to Mr. A. A. Narayana Ayyar, B.A., Th~rd Assistant, who has done the bulk of the 
measurement of the plates, and to Mr. G. Nagara~a Ayyar, Second Assistan.t ; al.so to Mr. S. Sitarama Ayyar, B.A., 

First Assistant, who was able to make some measures before he went to ICashmlr. 
I would also express my indebtedness to Mr. J. Evershed, P.R.~., the Director, for 111s interest and 

valuable criticisms. 

SUMMARY. 

I. The majonty of nickel lines show abnormal clisplacements in the spectrz~in of tho centre of the 
sun's disc owlng to their unsymmetrical character in the arc as evidenced by the clisplaccment at the 
negative pole of the arc. The cleviation of the solar displacements from no~mal  is in tlzc op]'>oslte direction 
t o  tihe displacement at the negative pole, showing that the condition (vapour denslty, probably) at the 
centre oi the arc is intermediate between that in the sun and that at the negative pole of the arc. Conclusions 
can consecyuently only be drawn, at present, from those lines which have zero or slight displacement at the 
negative pole. Since even these lines, or at any rate most of them, become obviously unsymmetrically 
widened in the arc under pressure there is posslbly still some abnormality In their solar displacement, and this 
fact may account for the  light discrepancies when compared with the symmetrical iron lines, Consequently, 
it  can only be said that the conclusions from the displacerneiitg of the nickel lines (and olt the titanium lines, 
for  aimilar considerations apply to  titanium also) are not inconsistent wiLh those drawn €or the iron lines. 

2. Taking only those nickel lines with zero or slight clisplacemc~zt at the negativc pole of Zlh~ electric arc, 
the mean centre-minus-arc displacement is practically identical with that of the symmatvicr~l iron lines origi- 
natmg at tlie same level in the sun, but shows no variation with intensity (i.e., witla clcptll in the yeversing 
layer) a$ would have been expected from the results for iron. On the whole, however, the nickel lines originate 
at lower levels than the iron lines which have been studied and with the latter tliere is eviclcnce that tho variation 
with intensity is less at the lower levels 

3, Again taking nickel lines with zero or slight displacement at Lhe negative pole, tho solar pregsure, 
estimated from the relative slilft of the lines more and less affected by pressure, is about: three-quarters of an 
dmosphere, in agreement wit11 that deduced from the symmetrical iron lines, 

4. The relation between the negative pole cllsplacemeiit of the nickel lines ancl the centire-minus-arc 
displacement has been formulated and 1s shown in fig. 1. 

5. The limb-minus-centre and the limb-minus-arc displacements also vary but slightly with intensity. 
The absolute values are smaller than those of the iron lines. 

6. The displacements of the titanium lines are similar to those of the nlclrel lines. Tho displacement st 
the negative pole of the arc is again a disturbing factor. 

7. The conclusions drawn from the investigation of the iron lines, namely, that the displacements at 
the centre of the sun's dlsc and at the szzn's limb are Doppler effects due to descending motion in the line of 
sight and that the solar pressme is of the order of three-quarters of an atmoxphere, are not modified by the 
investigation of the nickel and titanium lines. 

TEE OBSERVATORY, KODAIKANAL, 
2nd December, 191 6. 

T. ROYDS, 
Assistant Dzrsctor. 
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OoZunzx 3--littol~srfiy.--Thc intensll~as : L ~ C  ttalren from Rowlmd's Table of aolar ; r - i u ~ l c n ~ t h ~ t  i ~ i r l  u n l e ~ ~  oIllzerwise noted 111 
this column tlze lii~u was idcrltifiod by him as due to o~lickel only. Tho clots before I 1 1 1 1  I 11 I IIIII I \ ~nclioato that ilia llno wacl~ 
not identified by Rowlt~ncl. 

QoZwnz.~~ 4-Ciin? U C ~ O Y  1?1 tho nllc nf, r,trnospl~o?*ic pressure -The ch:~raci,er in tliis column W ~ H  darlvod from tlze appmranco of 
the spectrum lxne~, moro p:lrlic~il;~l;ly at tho rlogl~tivo pole. Tlio l0JCJGers have t11.o Sollo~vi~ig inlerpretatio~i .- 

ur de~lotos unsymrnotrically wltloriccl toward~  ilia rod 
uv deilotoa u~lsyinmu Lrrcnllg w~donud toward8 tllo vialot 

11 dc~lotos Iiezy or clill'uso. 
nn donotos vory l1:lzy or dilrubo. 
R donotas Lhnt 1,110 11110 1s rovor~oil :&I tllo nog:divo polo. 
If t2ic l o l t c ~ ~ ~  iLro oticluxoil 111 l)t.:~okuts .lIm cl~nrt~ci~ur x~ only sllghlly evidont. 

C o l t ~ m n  6-Chnt*nc:tcr ill t l ~ c  nyc u~lr~e?*))~o.usll~c!.-Tll(?~o arc ttlltan mostly from Duliiold ; tho Eow Prom B~lham nro mnrkcd(B). 
COTUI~LIL O-Y~U ~ ~ ~ H B ~ ~ L ~ C I X I O I I L H  :dl ~ ~ o @ L L ~ v o  010 ni.0 dusivud mostly horn threo plaLaa. 
C o Z z ~ ~ n s  10-Prcxr~brc shdt nlrrbu,sl,/ha?~e.-~f1u ~hifha :LXO tl~lcon frtm DuLFLold H papor. 11 8h0uld be romtkrked that 

Dufiield has incluilod linca dlspl!aeod to tho v~cblct in tho name ulnss aa tlloao diaplnocd to  ilia red. 
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