
BULLETIN No. LXXIII. 

THE EFFECjT ON WAVELENGTH I N  ARC SPECTBA. OF INTBODL'CI?JG 
VARIIOUS SUBSTANCES INTO THE ARC. 

BY T. ROYDS, D.SC. 

It has heen s l ~ o w ~ i  by Fab1.p and Bnissonl and in Ko~laikanal Observatory Bulletins2 that spectrum lines 
which are nnsyrntnetrical in width in the elc.ctfric arc undergo ahnormal disl>lacements in the slzn when 

eomparrd with t,he diaplscements of symmetrical lines. I t  has also been shon~n in Kndaikausl ObserratorS 
~ul le t ins"  i ~ l l ~ l  by others that uusymmetrical lines are clilifil~laced under varying conditions in the electric arc, 
:L t,ypiciil infit'ance being the displacement near the'poles of <the arc which has commonly been called the " pole 
efi'ect." Reagons were given in tthe Kodailtaual Observatory Bulletins referred to for ascribing these 
cjli~p]q,cc-impnts of unsymrnetricitl lines t o  varying conditioils of vapour density although it  was statedt that for 
the phra,rtt " density of vspour '' that of " density of ions " might have to be substituterl. Experiments hare 
now been mslcle and tire clescribecl in this paper with a view to deciding whether varying cieiisity of vapour or 
bf ions is .tbc real cellse of displacement of ullsgrnmetrical lines. 

3. The ~nethoil of sxpe~iment has been to introd~~ce various substmcee i n  turn into the arc giving the 
gpec,trum ~zncler investigation. It is to be expected khah if into a copper arc, for instance, is introduced a 
anbsticlnce which is more easily ionisecl than copper, the density of ions will be increased, whilst the density of 
copper vapour will probably be reduced (though not necessarily so if the atoms of copper are vaporised in the 
arc in clristers5). The cornparatlive ease of ionisation is, unfortunately, known for only a few snbstances 
whicll are anitable for use in the electric arc. More unfortunately still for our present purpose, the electric 

arc is a coml~licated phenomenon whose features are not completely understood ; for instance, the arc ~ol tage 
is known to vary wilh the nature of the materials forming the arc but its effect on ionisation is not k n o m  ; 
and'ag~in t , h ~  energy necessary to volatilise different substances from electrodes will influence the energy 
availal~le for ionisation. Possibly even the temperature of the arc varies wihh the materials of the electrode 
which wonltl at once influence the ionisation. So that even if we know that substance is mare easily 

ionixed Ulan substance B, we cannot ciefinitely say whether introcluciny A into the arc between electrodes of B 
will in ere as^ or drcrea4se the ionisation in the arc. Jt is, however, l~raetically certaip that exeej~t hy a, 

ooirrcidei~ce of ciwumstances, the ionisation will be changed, and by trying a varietty of suhstauees some mal- 
he found to illcrease the ioilistltion although perhaps others mill decrease it.. The method of experiment hm 
i,hrl.c.fox*e heen t+o take various snbstttnces which mere available and to determine whet,her introdncing them in 
t,llrri into un arc giving spect~z~m lines which seemed favourable for study caused all$- displacement of these 
lines. Thr method is consequently not very systematic, and the experiments can only be regdriled as 
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explorative, but the di~placemenb were found to be so large w to rnt~ke itl desirhkde b p11l)li~b bhp~t !  

preliminary experiments before attempting a more syatematic inveseigation. 
3. The copper arc wwas first chosen for study as the lines Xh 4531, 4509, 4480 have 1)ueo f o ~ l l ~ ( l  to i l t h  f i~irly 

sharp lineg requiring short exposurea whilst the first and last are sensitive to diaplucemant at tlhe pohls of tllc 
arc. These three linea are all widened more towards the red t h ~ n  towards the violot, and t11thrilb iliaplncc~~llrtll~ 
at  the negative pole of ail arc between copper electrodes are + 01032 A, + 0'014 A, f 0'028 A, l't'~~)P(!Lit'l!l~. 
On account of its'greater steadiness of bnrhing, the arc for these experim~nts was betwcren ;L lown~ pluiitivcr 
electrode of copper and an upper hegstive electrode of carbon. The arc was a l w q f ~  nspd witah 11 l1tw1 of 
copper on the copper pole. Two electrodes of copper and two of carbon wero preparoll; onla of ewdl wnw 
kept unciontaminated from other gubstancea and uieh tb give the cornpariaon spectiurn iw ~giiillfit thp  g l l l q ~ r ~ ~ j o  

from' the other pair to the copper bead of which had' hen added the substince whose t\Rect wils to 1 1 t h  tcnt~ii.  
The spectrograph has been described previously l, the dispersion in this region being fibout 1 :I:! 111111. to !,11(3 

anmtrom. 
g, bs tie effect w a  fonncl'to be greatest when the are WM very short, the  result^ hlr t l l ~  irrr: of 11h11~ltl l  

beteeen f &rtd 2 mfilimeters will bk give? first. The length of' the arc w~ controlled l)y the leogtli of itn 
image, magnified 3*2 times 011 the slit plate, care being taken that the arc did not burn intd n en~btar in ihc: 
aarbbn or mn down the side of the copper b e d  so aa to avoid any false estimate of iho tme lei~pth of t l ~ !  
arc. The b t  4alf of the exposure of ,the comparison ~ipectrnrn t a g  made before and tlho ~ocond lir~lf ttl'tclr 

the spectrum :bf 'the arc with aubstsnce added. The spectra to be conlp~red were ai3.tcugt~il iin uljncclllt xtrips 
by means of an occulting hatter which bould be moved in front of the slit betmeon tllc? axpoHnira. 'lllln 
current t h r o i ~ ~ h  the arc was about 6 amperes in all the experiments and was kept coueti~llt in my c~xlnrinlc~nt. 
io within a ampere. The effects of the following gubstmcea -were tried :- 

(a) A am11 quantity of metallic sodium somewhat smaller than the size of tllc c0~11p~r bclul ol) tlla 

electrode waa added to the copper bead. On striking .the arc the aoGum bumi up into i~ i l t i t ~ ~ t ~  so i l ~ n t  i b  i~ 
uncertain how much aoclium is left when the arc is brought oq to 'the slit a few rno111ollt~~ ltitci*, l111t tbilc, t~rt: 
burns very steadily with the bright yellow light of sodium. The exposure was about 8 mi nut^^ uolnl,nrch,l 
with 7 geconcls without. sodium. 

( t r )  Iron and aluminium wei'e added to new copper beads iu tur11. The t~momt nil iron w i i ~  cetirkl;~kbtf 
t o  be about ~ h e e  times that of the copper, but the exposure required was only hulf of t1lo;G whrll bile lita({ .rvrbH 

pure copper. 
(c) The fol]owing salts vere added to new copper beads in torn : cslcium chl6rido reclni~~il~p % H ~ & C ! O ~ I ~ I ~  . , 

exposure, sodium carbonate requiring 1 P;linute, and pohsium carbonate requiring 2 rnin~ztc!~. 
(d) AS pure nickel and .pure silve; were not available, the effebt of tliese mkhls W ~ L R  tl!itc*ll iry 

comparing copper alloys of these metals with pure aopper; These alloys were ready to h t ~ ~ d  in Ill(liiill iiit:k:t~l 
ind ndilver coins, reiniring 2 seconds and l a  minutes exposurei, respectively. 

(e) A small quantity of soda glaas waa melted on to a cGper bead and required 1 sooo114 crxl,oHure ollly. 
The effict9 bf thea subetancea ba the wavelingtb;l 'of' the tGee,cdpper liiiis stidiciod r n r ~  given i r l  Gin 

b ~ l l o v i n ~  table.  he ininbe; of phptogriP& in which each value is ba&d is given in bracketd. 

-Tams I;-neA$t Q I S P ~ A C B M ~ T B  !OF ~OPBBR I ~ W E B  .dAuSlED BY IRTR~DUUIN~:  
DlBBJ3BBNT SUBBTANCES INTO TBI ARC. 
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4531 + 0'0148 (!) , + 0 O09A (8) + l)*006A ( G )  

4509 4 0.009A (55 + O'OOBA (8) t 0-OOSA (6) 

4480 , + 0 005A (61 

-- 

It is not to be exyectecl. that v e ~ y  coirsistent values will be obtained in eitcli experiment ~ w i n g  to the 
kmpossibi1ity of introducing exactly the same amount of material in different experiments auct owing to the 
fact that ttlae arc was very shoct. Table I1 has theyefare beell given to show t h e  actual clisplacem~nts 
obsex~ve? in each expe~iment for tlie liqe A 4531 : 

I 
Ag- I 

Expen-  Calciulri sodium 
N o .  chloride. G1'sr -1 cal*boniitr Fe4 , *g- 

--pep 

I Al. Ni, 1 ~ o t a s s .  carbonate. 

-- 

~t seems finrprising that the aclclition of certain snlsstances should rednce the exposurs required for tile 

copper lines. If it 1le argued that the short exposure is i\ consequence of increased wponr clensity, val~our 
density c,%nnot be the col~trolling factor since the addition 'of soda &ass which sllortens the exposure to 
1 second has ilfi effect, -3 tli6 b a 5 6  sign as ffht. -dcIition of WtkiniC Na.;mhfch 'Tengthgns' tEe e ~ p o s ~ ~ ~  to 3 

--a - - 

+ 0b017A 
+ 0.011 
+ 0'020 - 
+ 0'011 
4 0*013 

--__I--- 

+ 0.015 

1 + 0*014A - 0.004A 
2 + 0-01 6 -t 0.007 + 0 008 
3 + 0.015 + 0-Ull I- 0.023 

rninrrbe6. 
5 ,  ~j~~ followilig epidence is given as proof that the displacements ohserved are real xnrl correctly inter- 

pmtetl as to the aclclition' of substances into the arc :- 
(a)  By the practice of giving half the exposure of the comparison spectl~xrn hefore and after the spec- 

trum mlder test the presence of spurious disl3lacementa such as those caused by teml~eratt~re changes during 
+he experiment .woul~l have heen detected. Moreover, it is unlikely that teml~erature chaixges dllrillg the 
Bhort e~POsnrefi required coulcl be appreciable. The absence of displacements of this kind is, however, proved 
by the f s , ~ t  that the displacements vary from line to line, depending only on the unsymmetrical character of 
the1lineg, and as will be seen 'later, symmetrical *lines have zero displacement. 

1-A 

-- 
I 

Experiment No. I Ni. ! Pot'oss. cai*bonate. 

I 
L) 

3 
4 
5 
(i 
7 
X 
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1 0  -- 
Mean 

-- 

4 
h 
6 
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+ 0.025A 
+ 0~041 
-t 0.030 

-I.*----- 

+ 0,038 

-- -- -- .- 
I 

z ::ggA 1 + + O'OlGA 0.017 
+ OV032 
+ 0'02ti 
+ 0.037 
+- 0453 

I 
- - 

+ 0.025 I + 0-016 i 
- 

-t- 0-O40A 
+ 0.021 
+ 0.0!16 
+ 0.101 
+ 0.043 
+ 0.055 
+ fl.06'2 
+ 0 042 
+ 0,005 
+ 0.022 

+ 0.006 
+ 0,024 
- 0.001 
+ 0.010 

+ O*U43A 
+ 0.031 
+ 0'0'25 
t I1 040 

_-----I__ 

- 0 006 
+ 0.009 
+ 0 003 

H 0.000 
--__- 

Mean + 0.009 

+ 0.049 1 + 0.095 

- . -  
i- 0'006 



( 6 )  Apparent clisl?lacernen& of unsymmetrically widelled lines can 1)e produced by overexposing one of 
the two epebtra undei coinparison the displacemellt being in the direction of the greater widening. Them 
appalbent di8placorn3nb can only be avoided by giving a minimum exposure to , each , spectrum so  that the exact 
position of &eateat den& in the spectrum line is nit oblitektecl by overexposure. In theae exp~ri~ueilts the 
beet expoanre W&I tried oat before' photographs for measnwment were taken, and no plates were mea~ercrd iu 
which there was i danger of emir through overexposure. 

( 6 )  The displacements are really due to the introdnction of another sn bstance into the arc ttiicl not tu any 
0ther '~r6viousl~ known cauae. I t  waa previously known that these three copper  line^ hX 4531, 4509, 4480, 
&ill be 'displbed towards the rod (I) at  the- poles of' the arc, (2) with increased current and ,(a) with de,creaed 
iength if . ,  the bc .  ' Many of the clisplecernenta ob~erved b e  much b~eater ' than my dqssible displaqement dune, 
b &uses. Fi&ly, tlie displacement of the 'line Xh5i11 at the negative'pole of the very arc (1 to. 
2 mm.) between Cu positive and C neb~tive is only 4- 0.0018, at the positive pole t 0'0028 : secondly, the 
current can e i l y  be kept copstqt lo within f mpeiie ;,and thirdly although there may be adme dif8culty in 
msil~taining very shorti arcs absolutely v twk isld,he*&gon8 in leqF(tb in any experiment WM 
m y  times less than the change from 1% mm. to 4 mm. which cquaed a displacement of 4531 of -b 0a012A : 
the displacement dpe to any variations in length of u c  during any e~perinient~jmast therefore llhvtve been cou- 
siderably leas than this. 

(d) Control experimenia mere also made to verify tl~e ?~eality of the displaoementfi and to test the effect 
of any prolwble $miations in the.?rc conditions.. The e&t ~rbaedure adopted in testing the effect of ally 
substance was' followecl except that no aubstmce was introduced. The meamred disylacement in the control 
expcrirurnts never exceeded 0mO03A, the mean being + 0'0016, 

(i. I t  ig beon from Fable I that the disblncement of the'rnoie nu8ymmetrical Lines 4531, 4480 is grartcrr 
t l l n  that of the less un~ymmetrical lino 4500. There me no symmetrical copper lines in the game regioiion of 
the spectnm to test wliether they would be clisl~l~ced or not. h e  symmetrical lines of iron in this reginn 
were therefore used for the test. A bead composed of R mixtuse of copper and iron on the podtire pole gave 
the lines of both metab simo~toneoualy and. its spectrum WM compared with that ming s similtu. bead into 
whioh matallic 'so~um had heBe ehdded. Thb copper line8, presumably already displaced by tlie presence of 
iron ns shown i'i Table I, were -further displaced by adding sodipln by + 0.069 A, + 0.0138, + 0.055~ (mean 
of 2 photographs):for tho line11 4531, 4509 lrnd 4480, reepectively, wliilst the mean displacement of thc R 
symmetrical ban lines 4588,4494,4466 WZN +:,0'0003A. 

7. The effect ok introrluaing substances into the long arc is very much smaller, even ut the poleli, t hm t l l ~  
effect in tho dlort arc. When,meMlic sodiumis nddod to the copper bead on the positive pole, the length of 
the arc being 10 mm., thp displacement w : ~  ouly + 0g004A (mean of 4 determinations) wheli comparing tl~t, ._ 4 - - 0  * 

region near the positive pole in 'eaqh arc. Tho mo of ithe difiplacemont at the centre of the long arc due to 

the introduction of substances is of great prclctical importance beoawe many wavelength determinationg in tho 
p a t  heen madt3 from the centre of the long arc without, in  many -cases, kcount being taken df the 
presence of other aubstancee in thearc. The cliaplacement at the oentre of an arc 10 m h  long when ilws wh 
melted into the copper bead wm + O'OOIA, the mean of 5 determinations, which rtlthough too few to 'e0b1>liRG 

*pP f' ' the rwyti pf 30 m T J n  displacement, suffice @ B ~ O W  ' %e ord ~ f i  of m&nitnde far 6 %  li~te'. )ft is olear &fit 
the effect , .  is ?mall u,nless a speotrlnm line is m& s:.nsitive than the copper line 4531. 

8, We may .thus suminwise .the resnlts fur tho copper lines. Under Buit&ble concGtit,ne the uxls;ymnl+ 
t r i a l  lines of cop7er may iindergo largo displac~m(~nts-in. .the dirsction of theil~ greater widening a a rdiult 
of int,ro&ing .o.t&lb ~ul~~tstancc~ into the fin. ' If* tlie view that thc clisplacernents are due to a change in 
io&~tion in the arc as a result of introducing s~~bstances into the arc is correct, i t  follows that alP ttlrj 
substances, chosen more or lem ttt lianclom, whose eff eot ,on coppeih wa6 tried, increcleecl the! ionisation in &he 

:l)p3. " 
9. Exp&huts !with. copper linm .having dven positive results, fiimilar experiments were tried with. tha 

ca c i m  tripletrXh 4586, 4581, &57& Whfcb, alltl~oug&:*id6ned'nlo~e ~ ~ ~ ~ h e t ~ . i ' ~ l l ~  towards the red than the 



oopperr lines first chesen, are! less easy to nteagu~e aicciurakely. The' calcium corn~~arison spectrum was produced B y  
anilrc between a commercial flame arc carbon as positive pole, and a @sin ordinary carbon as negative. It was 
considered that this would give more constant conclhiona thin would be possible by introducing a calcium salt 
into 'a carbon arc. The tests for the effect of other ~iubstances were" carried ont with an exactly similar pair of 
carbons,' the substances being placed into the'crater of the flame carbon. When the arc is very short the edge 
hf this crater prevents any light from reaching the spectrograph. 4 longer arc was therefore used than in the 
case of the copper arc, and these experiments were carried out with an arc 4mm. in length, the current 
strength being 3 amperes. The results for calcium are not as consistent as one would like, but this is attributed 
mainly to inconstancy of the arc conditions owing to the wandering of the arc over the positive pole in mhich 
welee situated irregularly globules of calcium material and of the substance introduced. Table I11 shows the 
mean ~lisplacement~s for the different lines of the triplet and Table IV shows indivicl~~al values for the line 
45xt;. 

TABLE 111.-MEAN DISPLACEMEHTS O F  CALCIUM LINES CAUSED BY INTRODUCIh'(f DIFFERENT 

T p ~ ~ ~ ~  IT.-DISPLACEMENTS OF THE CA LINE 4586 I N  EACH INDIVIDUAL EXPERIMENT. 

- I Cu. Glass. I Fe. 

Experiment I dlsss. Silver coin 
number. 

Silver coin. Nickel coin. 

- - --- - 
Nickel coin. 

1 .  
2 
:3 
4 
5 
G 

I_-.- - C 

Mean, 

The following observations were also made, aIthorrgh- noti in very good agreement with those in 
Table I11 :-taking the arc with copper added as staadard, replacing the copper by iron caused displace men^ 
of - O.Ol6A. -- 0 .016~ .  -.- 0.0146 for the 3 lines of the Ca triplet, and replacing the copper by 'nickel coin 

Usihg a flame arc carbon as negative pole and taking the arc with a positive pole of copper as standard, 
making the positive pole iron caused displacements of -- 0aO08A, - O'OORA, -0'010A for the03 lines of the 

The c~4~placements of the calcium triplet being prinqipally negative, they are not by themselves 
conclusive as to whether the displacements are due to a reduction of .vnpoulr density or to other' eallses such ass 

red~~ction of ionisation in the arc. The displacementsL of the copper lines being positive, dan, however, 
&finitely said not, to be due to an increase in the vapour density, and are attributed in this paper, largely on 
accollnt of the rational explanation which will be iteveloped $4 11-13, to an increase in the ionisation in 
the mc, 

11. starkf has ~uggested that the widening of the spectrum lines emitted by a radiating atom is caused 
by the. electrical field exerted hy surrounding atoms. He has shown that in general a spect~um line emitted 
___ _ . . _ ..-- _--- - -  _ _ - -  -- - - . , . - .  

*--- ----- . ) I  ' " 

f Stark, quoted by Fulcher, Astrophysics! Journal, 41, 359,1915. 
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.by, s gas in an electrical field of definite value is gylit up into-a numbel# of components. Hinoe a radiating 

.gas will be partidly ionised, each radiating atom will find itself in an electric field which will not have the 
~srme value f 02' 'dl  atom, aaud the. average effect will be a' broadening of the apectl'nrn lines., ' Stark has pointed 
-out that spectrum lines broaden symmetrically or unsymmetrically according as whether the resolution in Bn 
.de&lcal field is symmetrical or nnsymmetrical. It is obvious that the displacements of unsymmetrical lines 
,mder different conditions of the electric arc as described in thirj and previous Bulletins and by others, at3 well 

their abnormal displacements in the sun can also be interpreted by their unsymmetrical resolution in an 
-electric field. The evidence which has been given by Takamine' also confirms the intimate relation between 
&o Stark effect in electria fiel* and the displacementsl of -UnsymmetricaL lines near ,$he poles of the1 arc. 
,There can now be n o  doubt that the displacements and broadening of unsymmetrical lines find a ready 
explanation as an ,offeet of an electric field. 

3.2. A further confirmation of this ia furnished by the'change in the character of lines of certain spectrum 
aeries. It was shown3 that in the first subordinate aeries of barium the second members are unsymmetrically 
widened towerds the red, whilst succeeding members are nn~lymmetrical towarb the violet, but the Shrk 
d&' &jr th% niebl lla not availabf 0. ' Fort1cdpjer ~ii~~v~r~;hbwe%1~; ~aI&iini&%-&~8'h;%d-tht,~ th&d&r5bction 
of displwement in an electric field is not the same for the different members of the subordinate series. It is 
fomd that the un~~ymmetric&l character and pole effect coi~espond closely with the behaviour in an electric 
fiela, aaaia seen from Tab10 V, where v denotes towrds the violet and it toward the red. , The correspondence 
i g  not exact ; e.g., the copber pair 3861, 3825 are not definitely unsymmetrical in the arc and their negative 
pole di8piplaceinsnt seems tb be slightly to the red (+ 0'0038) although they are difficult to' measure ; cortxkn 
it is, however, that they are lese-unsymmetrical towards the red and less displaced than the pair 4531, 4480,. 
*reas in the ganeml run of series they would be more unsymmetrical- and more displaced. 

T A B L l  V.-RELATION OB THE UNBYMMBlTRIUAL UHARACTBlR AND POL? NFBBU'P OB OHIRTAIR 

BEIRIB8 LTNUIS TO THBIXR BBHAVIODR'IN AN ELICITRIC FIELD. 
---..- 

t 
. I ..........._" .' ................. __--__- ...... 

Line. 

..I... 

- -------L---..--- 

Serie~. 

_..",___.__ . _ - _ _ .  ---- _ _ _ _ - -  ......... -- 
I 

Cu I N,B, .c. ..s . e r n 4  

I 

I 1~r-e I$BG~~~w ~ournal, 60.-63,1919.. 
L j m - ~  ($ ~ o p 3 . 2 ~ 0 @ I J ' ~ - ,  41,156,1915 udd K.0, Bulletin No. 43. 

a  be, 1.o. 
* T h e  Crr line $388 hsa a fa&% cdmp~nion in the am in air, s parent17 aorresponding to the 4063 line 
f 'Jbe Ag lipe 4085 requiree inveshfitio? ; it ia probably t~ A b l e  line. 
f w,& hns 3810 hu r &int mmpamon i p p m t l y  oorrsspooding t0~n" ,~4 !8?&~~~~_d iogrd i  to Tahrnirte th. 
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13. We ]lave evidence that electric fields a re  operatillg. in the electric arc from the fact that lines which 
are faint or absent in t he  discharge in vacm and appear strong only in  an electric field are present in the 

spectrum of the arc in air. This has not been very thoroughly tested here, but it has heen foulld that ~i 
lines given by Takamine, though no$ appearing i n  the published arc spectra of Ni, such the line 40a7.7, 
are i~ctually present in the arc spectrum. The best instance appears to be a silver ]ille near 4055. ELaSser 
and R~~ l lge  give two silver lines 4211 and 4055 as reversed in the arc. Livivring and Delvar. allt[ also Eder 
allil -vdeiltal have shown that 4211 is not a reversed line but t'wo separate umevel.sed lines, \vllich is 

appitrently confirmed by the arc in vacuo. The same test's on the arc in air which shorn 4211 to ile tVo lines 
will show tIhat 4055 is also two pnreversed lines, the more refraiigible of which is unsy~lllnet~ric~l toll-ards the 
red md the. less refrangible unsymmetrical towards the violet : indeed, they are very silniIar to tile 4211 pair, 
but closer togetlmr.' The reason w h y  tlle published spectra of the arc in  vacuo g i ~ e  only a single lille at .j..)s~ 

becomt.s clear from the photographs of Takamine in which it is -seen that the less refrmgihle lille 
appears in an electric field. I t  shoulcl be pointed out that according to the wavelength mtasurmgnts made 
here it ie \hq,mor,e refpangive -comgonmtt. of the  4055 pair which b9longs to the erst snhon1inatr ~eries, :the 
l c ~ s  refrangible apparently belonging t o  the combination series which is nearly coinci~ient with tile former. 

14. 1ntcrr)reting the clisplaceinents of unsymmetrical lines in the sun and arc as due to electric fields, ~ ? t .  

call proceecl to find the magnitudes of the average electric fielcls n7hich ape causing the displacements. 
Difi'c!rc.nt lines in the same spectr~um d o  not, however, lead to the same value for the electric field, possibly 
\,cmi~~sc! of the assumption that the effect in  an electric field is ~~roportionate to the field strength. There can 
I)e zln clonl~t, for instance, that the displacements of the Cu pair 4531, 4480, under different conditions of the 
c*lclcisic ik18c alas practically equal, ~vhe rea s  Takamine gives them as ciisplaced by an electric field of 14,O@i3* 
vcrliglonl 1,y + 0'035h and 4 0.100A, respectively. Assuming proportionality to field strength and taking 
t,llo (lispl;~cc?ments at  the negative pole  given i n  paragraph 3, viz., f 0.032 A, 4- 0.028 A, these b s o  Cn lines 
give for t,he Iicld operating at tile negative pole of a copper arc the very large and  inconsistent valnes of 
4(),3()() voll,s/cm and 16,700 v,olts/cm, respectively, greater than the field operating at the centre of the are. 
Oillcrb efomcllts give smaller and m o r e  consistent values. Taking the negattive pole displacements giren 

in I,l.cyir,ns l,ullrtins Eoi all the elements for ~ v l ~ i c h  Takamine has given the Stark effect, 1% find the 
fr)llowitlg vah~os for t31e electric field at the negative pole i n  excess of that at the centre of the arc :-Fe (6  
liu(a) 5,970 Na (2 lines) 4,575 voltslcm, Ni (4 lines) 3,380 voltslcm- Similarly, taliing the solar 
cliRl,bLc,tmcntg of the unsymmetrical lin ~s of Fe, Na, and Ni from Kodaikanal OBservatoW Bulletins. and 
nralCinr! nu allt-wance for the Doppler shift as deduced from the s~mmetrical lines at the salne depth in the 

ti,l~l, find tlxtt tile electric field i n  the  sun is less than that at the centre of the electl9c wc 1)s the folloning 
alnounf* :-pe (3 lines) 2,420 voltIs/cm, Na (2 lines) 1,870 volts/cm, x i  (11 lines) 2,300 voltslc111- T~ 

blloroforc kllro that the  field at the negative pole is of the order of 4,000 voltslcm @'eater that at the 

aclltro the iblpc, wllilst field in t h e  sun is of the order of 2,000 voltslcm less that at tille centre of 

tho a m  
IT,. It o;ul ci~sily be shown t'hat fields of this order of magnitude can be accounted for by the field exevted 

by surroxuntliqg iltoms. D e b y e q a g  ".re".A otilculated -rM the  average electric-field clue to ionisation, assuming tlmt it 

dc],on(ls only on iho &mber of ions and the ionic charge, and finds the la& that the field i s  proportional to 
(ionic cliivge) x (number of ions peln c.c.)~.  The average electric field i n  wliich an atom finds itself when agar 
fit N.T.P., is conq)letely ioniseiL he gives as being of the order of 1,350,000 volts/orn. .At 4oOi)' k, the 
tomperi~tl~rc of tho arc, this becomes 225,000 volts/crn, and at 6000' I(, the temperature of the sun, and 
atmospharic pressure it  is 172,000 volts/crn. 

I(;', IE our Icnowledge of the conditions obtaining in the arc were complete wt? should now be in  position 

to mnke deductions concerning conditions in the sun. Malting reasonable assumptions regarding the ionisation 
4 

1 See Eder and Vdenta, Denksch. Wie11. Akad. 63,189,1896and Beitrage w Fhotoohelyie, pnoe 161- 
2 Fxlre silvor was not available, for  these tests, silver coins were used hut. ~t was nscertalned t93t no copperlines nor 

ghosts of W,ppr;s l i~ios c;(luld be interfenag. 
8 Dal?ye, Yhys. Zeitscbr. 20, 160, 1911). 



in the ~c $&a not, however, i e d  to results whichare plausible. From the work of Salm an ioniwtion in thea 
am of per .ceht is not uiweasmably large, but it leads to a' field of 10,000 voltslcm at which field dtrength. 
many lines ought to be seved. aagstroms wide, hut are in. fact fairly sharp. I t  appems probable that Debye's 
Ibw given in the previous paragraph is incorrect. It is difficult to believe that the field due to ions which we. 
frequently colliding vitk utom can be independent of their diameters and of the frequency of collision, 
~ i l d  nnless their indepenclence can be established Debye's law falls to the gronnd. If a given mrus of radinting 
ga~, for ~xample, were heated at constant volume and constant ionisation (controlled, wy, fi*om outside), 
the prmnre would rise and WP should expect a shift due to pressure, but accordiw to Debye tliere would be 110 

ollange in the ave&e field atrength and therefore, in h e  light of paragraph 17, no press~ire shifi. Moreover, 
the most hrmly eatablishecl law of pre'mu~e ahifti id that of direct proportionality to pres~nse, wherea~ dell ye'^ 
1iG requir i  proporti~nalit~y to the irda power of the pressurb. 

17. Afi important point is the nltimate muse of'pressnre'shifts, Btark having suggested that twyinlnetry ill 

an electric field is the wnse, ~ e i e  gain; different Hnes in the same spectrum do not give con~isteiit vnlnc~ 
far blle fiel! atr~ngth ;, e.g., the capper l i e  4063 requiieg nearly !),OW volta/cm per iltnlosphers incre&s ni 
pressure, whilat 4531 requires 28,000 volt&i pei  atmoip116re. bless the: direction of displncement nnclrr 
premure follows thttt of the ttsyrnmetry in an electric field, we can at once dismiss the Sfark efk'ect tltr i~ yoseiblt~ 
cause of pressure shifts. It is h e  that lines whicll are nnsymmetficslly resolved or clisplaced towards tlic 
red in an electric fielcl have large presaure sh ib ,  and that lines 'which are spmmet~icttl in the arc have s~lclr 
small pressure ahift,~ that the corresponding dis'placerheat or asymmetry i h  ah electric fielti mny not he 
detectable, but the ~itutltion sa regards lines which are ~znalpmmetrically widened towaiOcls the violet in the a i ~  
and we ~lnsymmehcally resolved or ciisplaced to\vmds the violet in an electric field id not so ~n t i~f~c tory .  
For, whilst Gdesananil ~ d m s '  for Fe, DnffieldB for Ni and Miller8 for Ca have found that lines ~una~mtliedri&rl 
iowards 'the violet are displaced td the violet by px*esgnile, ~ n m ~ h r e y a ~  has many exa~nples of slicli lines being 
displaced to the red ; e,g., Ca triplet and satellites at 1W5(;,35,2!5, Cu doublet and sntellite 5220, 5218, 
515$, hhg triplet 8838,32,29, Yi line 5155, Srrtriplet and mt'ellites 4971,'487(i, 4832. Tliem di~cre~~nncien 
require caref 111 investigation. 

18. Nevertheless, an obsiWe feature of pressure ahifta can be readily explained on the hypothedig of tliu 
Stark eifect, Pressure clis-placements'in the furnace -and in the spark &e grgater' thniill in the arc wliilst thtl 
widenin2 is also greater in these so1vces. Since the beater 4idening is very' pi*ol)ablg amS5tark effectl, 80 

bresnrnaljly dduld the gratei pwssnre shift*, both beini due on the intaretation given *in t h i ~  p~per  to 
greater ionisation' in the 'furnance ~ n t l  in the spark under pressure. 

19. King explainsS the asymmetry and displacements of l i n a  iu themarc; tube-arc, and sptlrk -tu due to tll~l 
density of high speed electrons. I consider thdt the augg6etion made in this paper tliat thoaa effects i~ro due to 
the eloctrihd field in which the d a t i n g  atom finda itself offers a more rational, though not neoeaamily 
inaortaistent, explanition. King shows that miller the extreue bonditions of the tube-nrc iieai81y all lines ahow 
ns uneymmetriml, even certain " flame " lioea of iron. It would appear, theref ore, that the difference I~etwetin 
nnsymmetrical lines and those which: have generally been referred to aa symmetrical ia mtliiily one of degree ; 
this i s  require if ,  the explanstion of preasnre ahift~ in parag~~ph 17 ia correct, although again there i~ the 
incqnsiateney o*% ;dnd g lines of Ga xvhich King fids to be dightlf ~myn%&%f~a~'to%~~ the violet 
being, as he poifits out, clisplacxil to the red unda  pressure. 

20, If the view exprer~sed in this paper is correct that asymmetiry and displacements are effecte of tlic! 
electric field due to ionisstion of the gas, then since ionisation increases with tempratore so should also the 
ugmmetry and displacement of spectrum lines. As passing from the arc to the sun ~lhows ail opposite effect 

1 Gale s ~ d  Ahms, Bstrophyaioal Journal, 37,391; 1919. 
'' D~Beld, Phil, .Tram. ROSS 216,20M36,1915. 
3 Xillazl., AstPcphysie&hnrnal, -63,324,1#21. 

Hpmphreys, Asbuphysioal d ~urnal, 6,169,1897. See a l ~ o  Hmphrep on Prearttc~s e&ft of violet ~ i d e d  linm, Astrophysicill 
3burnal, 81, 469, 1910. 

Xing, Aatmphysiml Journal, 41,373,1915. 



it would follow that the fall ixi cleiisity more tlmn couuterbalanccs the rise in temgsrat8~zre arid denotes that tlie 
partial pressure of ions is less in the sun than in the arc. It is to be expected, however, that there will be a 
cl.&placement of ullsymmetrical lines in sunspots relative to the pl~otosphere where the temperature is higher, 
but the magnitucie of! the displacement cannot yet be predicted from theory. 

21. Suitable lines unsymmetrical towards the %violet were not readily avc~ilable in this p~elinlinary study 
of the effect of aclcling substances into the arc, but it is desirable to confirm the expectat'ion t'llat they will be 
displaced in the opposite sense to lines unsymmetrical towards t l " ~  recl. 

Sts??~??zn?~g.-l. These experiments were unclertaken with a view to deciding- whether clensi t'j- of vapour 
or ~leilsitg of ions is the cause of the displacements of ~nsymmet~rical lines under T-argirly arb conditions. 

2. In a short arc certain lines of copper ~vhich are unsgmmetricallg widenecl towarrls the red are displaced 
{o the reel hy  introducing various substtances into the arc ; the less t~~~spmmetrical lines undergo smaller 
(lisplacement, ancl sgmrneti*ic.,al lines are not clisplacecl at all. 

3. T1ze'efY~c.t is smaller at the poles of a long arc ancl insignificant at the centre of a long arc for the lilies 
st~udiecl. 

4. I11 a calcium arc lines t~nsymmetrical tovards the red are shifted slightly tolvanls h e  red, or to~V~rds 
tlle violet sccorc-ling to the substance introduced. 

5. I t  is suggestecl that these clisplacernents are caused by clranges in tlhe ionisttion in the arc when 
ext~.aneons substances are introcluced into tlle arc. 

I;. There is now collsiderable evidence that the asymmetry and displacement of lines under varying arc 
conditions ancl their abnormal disl?hcelnent in the sun follow very closely t 'he i~  asymrnet,ry and displacement 
ill an electric fiel(t. The electric field operating in the arc and the sun is probably t'lie intel-molecnlar fielcl 

<lue to snrrouudiag ions and electrons. On illis view the average electric fielcl at the negative pole of the arc 
is of tllc: order of 4000 volts/c1n greater than that at tlie centre of the arc and in the s11n 2,000 volts/cm less 

a;t; the centre of tlie arc. Urltil the ionisation in the arc is investigatecl and t'he average electric field 
to ions 11%~ been satisfactorily worlred out we are ~lnalole to apply these 6 1 t h  to the clet'ermination of t'lie partial 
l,yessnrc, of ions in the sun. 

7. T l ~ e  view that there are electric fielcls in the arc is supported by t.he presence in arc spectm of those 
lines which in the vacuum arc are only in evidence in a strong electrical fielcl. 

8, Altliongh numy features of pressure displacements can be explained as clue to t,he increase in the 
illtermoleculalb electrical fields owing to the increase in the partial pressure of ions, there are some difficulties. 
The point which f i~s t  requires experimental elucidation is the direction of tblrs laessuYe shift of'lines 

towards ihe violet concerning which evidence is contradictory. 
9. Purlher examples have been found of series in which the cl~an~cter of t'he lines reverses as we pass 

clown the series. 
This work was carried out whilst Mr. Evershecl was still Director, and it is a ~~leasnre to acknowledge 

Ing inclel~teclness to his interest and suggestions. 
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