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THE EFFECT ON WAVELENGTH IN ARC SPECTRA OF INTRODUCING
VARIOUS SUBSTANCES INTO THE ARC.

By T. ROYDS, p.sc.

It has heen shown by Fabry and Buisson® and in Kodaikanal Observatory Bulletins? that speetrum lines
which are vnsymmetrical in width in the electric arc undergo abnormal displacements in the sun when
compared with the displacements of symmetrical lines. It has also been shown in Kodaikanal Observatory
Bulletins® and by others that nnsymmetrical lines are displaced under varying conditions in the electric are,
a typical instance being the displacement near the 'poles of'the dre which has commonly been called the “ pole
effect.” Reagons were given in the Kodaikanal Observatory Bulleting referred to for ascribing these
displacements of unsymmetrical lines to varying conditions of vapour density although it was stated* that for
the phrase “density of vapour® that of *density of ions” might have to be substituted. Experiments have
now been made and are described in this paper with a view to deciding whether varying density of vapour or
Of ions is the real cauge of displacement of unsymmetrical lines.

2. The method of experiment has been to introduce various substances in turn into the are giving the
gpectram under investigation. It is to be expected that if into a copper arc, for instance, is introduced a
gubstance which is more easily ionised 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 clusters’). The comparative ease of ionisation is, unfortunately, known for only a few substances
which are suitable for use in the eleciric arc. More unfortunately still for our present purpose, the electric
are is a complicated phenomenon whose features are not completely understood ; for instance, the arc voltage
ig known to vary with the nature of the materials forming the are but its effect on ionisation is not known ;
and again the energy necessary to volatilise different substances from electrodes will influence the energy
available for ionisation. Possibly even the temperature of the arc varies with the materials of the electrode
which would at once inflnence the ionisation. So that even if we know that substance A is more easily
jonised than subslance B, we cannot definitely say whether introducing A into the arc between electrodes of B
will increase or decrease the ionisation in the are. It is, however, practically certain that exeept by a
coincidence of civcumstances, the ionigation will be changed, and by trying a variety of substances some may
be found Lo increase the ionisation although perhaps others will decrease it. The method of experiment has
{herefore heen to lake various substances which were available and to determine whether introducing them in
turn into an are giving spectrum lines which seemed favourable for study caused any displacement of these
lines. The method is consequently not very systematic, and the experiments can only be regarded as
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explorative, but the displacements were found to be so large 83 to make it desirable to publish these
preliminary experiments before attempting & more gystematic investigation,

3, The copper arc was first chosen for study as the lines M 4531, 4509, 4480 have heen found to be luirly
gharp lines requiring short exposures whilst the first and last are gensitive to displacementat the poles of the
arc. These three lines are all widened move towards the red than towards the violet, and their displacementy
at the negative pole of an arc between copper electrodes are + (0032 A, + 0014 A, + (1028 A, respectively.
On account of its<greater steadiness of burhing, the arc for these experiments was hetween o lower positive
electrode of copper and an upper negative electrode of carbon. The arc was always used with a hewd of
copper on the copper pole. Two electrodes of copper and two of carbon were prepared ; one of each was
kept uncontaminated from other substances and used to give the comparison spectrum as againgt the spectrum
from the other pair to the copper bead of which had been added the substence whose effect was to he tested.
The spectrograph hag been described previously?, the dispersion in this region being about 1'33 mm, to the
angstrom.

4. As t.ﬂe effect was found to be greatest when the arc was very short, the vesults for the are of length
betwieen 1'and 2 millimeters will be given first. The length of the arc was controlled by the length of its
image, magnified 3'2 times on the slit plate, care being thken that the ‘arc did not burn into u crater in the
parbbn or run down the side of the copper bead go as to avoid any false estimate of tho true length of the
arc. The firgt half of the exposure of the comparison spectrnm was made before and the second half alter
the spectrum of ‘the are with substance added. The spectra to be compared were arranged in adjucont steips
by means of an occulting shutter which could be moved in front of the slit between the cxposures. Tho
current throngh the arc was about 6 amperes in all the experiments and was kept constant in any experiment
fo within } ampere. The effects of the following substances were tried :—

(@) A small quantity of metallic sodium somewhat smaller than the size of the copper bend on the
electrode was added to the copper bead. On striking.thearc the sodium burng up into o Hame so that it s
uncertain how much sodium i§ left when the arc is brought on to the slit a féw moments luler, but tho are
burns very steadily with the bright yellow light of sodium. The exposure wag about 3 minutes eompred
with 7 seconds without. sodium.

(3) Iron and aluminium were added to new copper beads in turn. The amount of ivon was estitted
to be about three times that of the copper, but the expogure required was only half of tlmt when the bead was
pure copper.

(¢) The following salts were &dded to new copper beads in turn : caleium ehloride requiring 2 secondy
exposure, sodium carbonate requiring 1 minute, and potagsium carbonate requiring 2 minutes.

(d) As pure nickel and pure silver were not available, the effect of these metals was tested Ly
comparing copper alloys of these metals with pure copper. These alloys were ready to hand in Indian nickol
and silver coins, requiring 2 seconds and 1% minutes exposu.reé, respectwely.

~ (¢) A small quantity of soda glass was melted on toa copper bead and required 1 second oxporure only.

The effects of these substances on the wavelengths of the three copper lines studied are givenin tho
following table. The nuinber of photographs on which each value is based is given in brackets.

‘TABLE T—MBAYN DISPLACEMENTS 'OF COPPER LINES OAUSED BY INTRODUCING
DIFFHRENT SUBSTANCES INTO THE ARC.

Na. Caloinm chloride. Glass, - Sodiﬁm carboeate. Fe,

e e s et et e 4 s | —— T S

= i — ey 5, -

4531 ’ +00M0A(10) | +003A(4)| +002A@3)| +00BAE)| + (lOIGA (5;
4609, -+ 00BA<(3)| 4+ 0012A (B)| +000A ()| + 00BA(G) | +.0004A (3)
uaol - ¥ (022A.(6) |

+ Evershed, Kodaikang] Ohservatory. Bplletin, No, 36.



| Ag. Al Ni. | Potass. carbonate.
_— |
4581 + 00154 (5) + 00144 (3) + 00094 (8) | + 00064 (5)
4500 + 0000A (5 + (Y0044 (3) + 00024 (8) ] + 0:0024 (6)
4480 | | + 00054 (6)

It is not to be expected that very consistent values will be obtained in each experiment owing to the
impossibility of introducing exactly the same amount of material in different experiments and owing to the

fact that the arc was very short. Table II has therefore been given to show the actual displacements
observed in each experiment for the line A 4531 :

TABLE II.—DISPLACEMENTS OF THE CU LINE 4531 IN EACH INDIVIDUAL EXPERIMENT.

Exper:- [ N “\ ’ -
S ! Calcium « Sodium
I?‘\I%lt , Na. chloride. Glass. carbonate. Fe. Ag
I
1 + 0040A + 0048A + 0-020A + 0005A + O'016A + 0017A
P4 + 0021 + (0081 + 0041 + 0015 + 00017 + 0011
3 + 0096 + 0025 + (0-030 + 0032 + (020 -
4 + 0101 + 1040 + 0026 + 0014
5 + 0043 + 0037 + 0013
6 + (0hH + 0:033
7 + 0062
8 + 0042
9 + 0005
10 + 0022
Mean + (049 + 0035 + 0032 + 00025 + (*016 + 0015
!
Experiment No. ‘ Al Ni. Potass. carbonate.
1 +0011A +0:014A - ('004A
2 +0:016 + 0007 +0008
3 +0:015 +0-011 +0023
4 + 0006 -0006
5 +0:024 + 0009
6 -0-001 +0003
7 +0-010
8 0000
Mean \ +0:014 +0°009 + 0006

Tt seems surprising that the addition of certain substances should reduce the exposure required for the
copper lines. If it he argued that the short exposure is a consequence of increaged vapour density, vapour
density cannot be the controlling factor since the addition of soda glass which shortens the exposure to
{ gecond has an effect OF thé safie sign as the addition of mietallic Na. which “Tengthens' the exposture to 3
minutes.

5. The following evidence is given as proof that the displacements observed are real and covrectly inter-
preted as due to the addition of substances into the arc:—

(@) By the practice of giving half the exposure of the comparison spectium before and after the spec-
trum under test the presence of spurious displacements guch ag those caused by temperature changes during
the experiment “would have been detected. Moreover, it is unlikely that temperature changes during the
ghort exposures required could be appreciable. The absence of displacements of this kind is, however, proved
by the fact that the displacements vary from line to line, depending only on the unsyminetrical character of
the'lines, and as will be seen ‘later, symmetrical lines have zero displacement.
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(b) Apparent displacements of unsymmetrically widened lines can be produced by oversxposing one of
the two spettra under comparison the displacement being in the direction of the greater widening. These
apparent displacemants can only be avoided by giving a minimum exposure to each gpectrum so that the exact
position of greatest density in the spectrum line is not obhterated by overexposure. In thege experiments the
best expogure was tried out befoxje photographs for measurement were taken, and no plates were measured in
which thers was a danger of error through overexposure.

(¢) The displacementsare really due to the introduction. of another substance into the arc and not to any
othel 'ple‘vmusly known cause. It wag previously known that thege three copper lines AN 4531, 4508, 4480,
w111 be displaced t.owards the red (1) at the.poles of the arc, (2) with mcreased current and (d) with decreaged

ength of the arc. Many of the displwcements observed are much greater tha.n any posslble displacement due

to gueh causes. Firstly, the displacement of the lme M531 at the negatwe pole of the very ghort are (1 to
2 mm.) hetween Cu positive and C negative is only + (-001A, at the positive pole +0:002A : secondiy, the
current can epsily be kept constant io within } apere ; and thirdly although there may be some difficulty in
maintaining very short arcs absolutely censtamt- in.langh-the: variakions in length in any experiment was
many times less than the change from 1} mm. to 4 mm. which caused a displacement of 4531 of + (10124 :
the displacement due to any variations in length of arc during any experimentimust therefore have been con-
siderably less than this.

(d) Control experiments were also made to verify the reality of the displacements and to test the effect
of any probable variations in the.arc conditions.. The exact procedure adopted in testing the effect of any
substance was followed except that no substance was introduced. The measured displacement in the control
expuriments never exceeded 0:003A, the mean being + 0'001A,

§. Tt ig meen from Table I that the displacement of the’ more unsymmetrical lines 4531, 4480 is greator
than that of the less unsymmetrical line 4509. There are no symmetrical copper lines in the same region of
the spectrum to test whether they would be displaced or not. The symmetrical lines of iron in this region
were therefore used for the test. A bead composed of a mixture of copper and iron on the positive pole gave
the lines of both metals simultaneously and.its spectrum was compared with that using a similar bead into
which metallic' sodinm. had been added. The copper lines, presumably already displaced by the presence of
iron ag shown in T&ble I, were furt.her displaced by adding sodium by + 0 069 A, + 0013A, +0055A. (mean
of 2 photographs) for the lines 4531 4509 and 4480, respectively, whilst the mean displacement of the 3
symmetrical iron lines 4528, 4494, 4466 wasg + 0-0003A.

7. The effect of introdueing substances into the long are is very much smaller, even ut the poles, than the
effect in the ghort ave. When metallic sodium. is added to the copper bead on the positive pole, the length of
the arc being 10 mm., the displacement wag only + 0°004A (mesn of 4 determinations) when comparing the
region near the pomtwe pole in each arc. The case of the displacement at the centre of the long arc due to
the introduction of substances is of great practical importance because many wavelength determinations in the
past -have been made from the centre of the long arc without, in many -cases, account being taken of the
presence of other substances in thearc. The displacement at the centre of an are 10 mm. long when glass was
melted into the copper bead was + 0°001A, the mean of 5 determinations, which although too fow to estabhah
the I'B&;ity of 5o smalla displacgment, suffice to ghow the order of magnitude for this line, Tt is olear that
the effact is gmall unless a spectrum line is more sensitive than the copper line 4531.

8. Wo may.thus summarize the results for the copper lines. TUnder suitable conditions the unsymme-
trical lines of copper may undergo large displacements.in. .the direction of their greater widening a8 a rvésult
of introducing .other substances into the arc.” If.the view that the displacements are due toa change in
jodigation in the arc as a result of introducing substances into the arc is correct, it follows that all the
gubstances, chosen more or less ut random, whese effect on copper wag tried, increased the ionisation in the
BTG

9. Experiments-with copper lines having given pogitive results, similar experiments were tried with the
ca cium triplet AN 4586, 4581, 4578, which, although-widéned 'more unsymretrically towards the red than the
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copperr lines first chosen, are less easy to meagure accurately, The calcium comparison spectrum was produced by
anare between a commerecial flame arc carbon as positive pole, and a plain ordinary carbon as negative. It was
congidered that this would give more constant conditions than would be possible by introducing a caleinm salt
into'a carbon arc. The tests for the effect of other substances were carried out with an exactly similar pair of
carbons, the substances being placed into the crater of the flame carbon. When the are is very short the edge
of this crater prevents any light from reaching the spectrograph. A 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 calcinm 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 which
were situated irregularly globules of calcium material and of the substance introduced. Table III shows the

mean displacements for the different lines of the friplet and Table IV shows individual values for the line
4586.

TABLE II1.—MEAN DISPLACEMENTS OF CALCIUM LINES CAUSED BY INTRODUCING DIFFERENT

g [SUBRSTANCES INTO THE -ARC.
— Cu. Glass, | Fe. Silver coin. Nickel coin.
4586 +0:002A (7) ~0-002A (6) ~0:005A. (3) —-0012A (5) —0:020A (5)
4581 +0 002A (5) (0-000A 6) —0-006A (3) ~ 00124, (5) - 0022A (5)
4578 +Q 002A (1 —0-002A (5) —0:005A. (2) ~0014A (5) —0:020A (h)

TABLE IV.—DISPLACEMENTS OF THE CA LINE 4586 IN EACH INDIVIDUAL EXPERIMENT.

. | -
E’;%%ﬁﬁflt b Cu. ’ Glass Fe. Silver coin Nickel coin.
R N T R S —

.- +0005A § +0017A | —0007A —(008A —0006A

2 20005 ‘ —oo11 | —0003 —0017 —0036

3 —0 001 —0:009 ~0-004 — Q014 —0028

4 +0001 0-000 R —0011 —0012

5 ~0:001 —0-005 oo —0012 ~0:019

6 +0:009 —-0007 | o
T Mean, +0-002A —0-0024 ‘ —0005A —0012A —0020A

The tollowmg observatmns were also made, although not in very good agreement with those in
Table I1I ;—taking the arc with copper added as standard, replacing the copper by iron caused displacements
of ~— 0'016A, =~ 0'016A.. —~0-014A for the 3 lines of the Ca triplet, and replacing the copper by mnickel coin
cauged digplacements of — 00094, ~— 0°008A, — 0'010A.

Using 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 — 0:008A, — 00084, — (-010A for the'3 lines of the

Ca triplet,

10. The displacements of the calcium triplet being prineipally negative, they are not by themselves
conclusive as to whether the digplacements are due to a reduction of vapour density or to other causes such as
a reduction of ionisation in the are. The displacements of the copper lines being positive, can, however, he-
definitely said not.to be due to an increase in the vapour density, and are attributed in this paper, largely on
account of the rational explanation which will be developed §§ 11-13, to an increase in the ionisation in
the arc,

11. Stark® has suggested that the widening of the spectrum lines emitted by a radiating atom is caused
by the electrlcal field exerted by %urroundmg atoms. He has shown that in general a spectrum 11ne emitted

1 Stark quoted by Fulcher, Astrophysma‘ Journal, 41, 359, 1910.
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by a gas in an electrical field of definite value is gplit up into a number of components. Since a radiating
g8 will be partially ionised, each radiating atom will find itself in an electric field which will not haveé the
same value for all atoms, -and the average effect will be a broadening of the spectrum lines. * Stark has pointed
.out that spectram lines broaden symmetrically or unsymmetrically according as whether the resolution in an
.electrical field is symmetrical or nnsymmetrical. It is obvious that the displacements of unsymmetrical lines
~under different conditions of the electric arc as deseribed in this and previous Bulletins and by others, as well
a8 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
the Stark effect in electrio fields and the displacements of ‘unsymmetrical lines near the poles of the! arc.
There can now be no doubt that the displacements and broadening of unsymmetrical lines find a ready
explanation as an effeet of an electric field.

12. A further confirmation of this is furnished by the change in the character of lines of certain spectrum
geries. It wag shown? that in the first subordinate series of barium the second members are ungymmetrically
widenad towards the red, whilst succeeding members are ungymmetrical towards the violet, but the Stark
effoot #or this mietal4s not available, ' For¢apper and silver, however, Takuinire* Hia#FHéWn that  the direction
of displacement in an electric field is not the same for the different members of the subordinate geries. It is
found that the unsymmetrical character and pole effect correspond closely with the behaviour in an electric
field, as-is seen from Table V, where v denotes towards the violet and r towards the red. The correspondence
ig not exact ; e.g. the copper pair 3861, 3825 are not definitely unsymmetrical in the arc and their negative
pole displacement seems to be slightly to the red (+ 0'003A) although they are difficult to measure ; certain
it is, however, that they are less unsymmetrical towards the red and less digplaced than the pair 4531, 4480,
wheresas in the general run of series they would be more ungymmetrical and more displaced.

TABLE V.—RELATION OF THE UNKYMMETRICAL OHARACTER AND POLR EFFROT OF OBRTAIN
SERIDS LINDS TO THEIR BEHAVIOUR IN AN ELEOTRIC FIELD.

Dlapln.oement Uns Displacement at
: s ymmetmcal
Series. Line. in gl:chfm charsoter. neggif;;:c pole
5220 v v ..
6218 v v .
5163 v ¥ o
4063 T r T
CuIN.S. ake wee RNE 4062 r r T
4022 T r T
3688+ r r ¥
L 8664 T r r
[ 12385 r r r
) r I r r
CuII'NS. . e v R :
, a8el . v doubtful | r?
s _ b8t v donbifyl r?
ll i gi'éé _____ V.l sesare
v aear
5209 reare R weerir
: 4212 : r T T
Ag T N'S. e aes omed 4210 v v v
] 4055+ r (v) r(v) r(v)
' 8810t v v ¥
L L'; : 3682 v v | ¥
. |

T Dekaratino, Astrophysient Joumal, 60
. R'z Aﬁ'trophys%oayuqualril P o3 .0, Bulletia No, 43

* The Cn hne 3888 has a fa.m’t cémpanion in the are in air, dpparently oorrespondmg to the 4063 line
‘T ’I.‘he Ag line 4065 requires investigation ; it is probably a double line.

h 13.
8Aeilme 8810 has a faint companion apparently corresponding to thep4215 1111)1& Aocording to Takamine the
gepaxaﬁon is 0
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13. We have evidence that electric fields are operating in the electric arc from the fact that lines which
are faint or absent in the discharge in vacuo 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 been found that Ni
lines given by Takamine, though not appearing in the 'published arc spectra of Ni, such as the line 4037-7
are actually present in the arc spectrum. The best instance appears to be a silver line near 14035, Kayselt
and Runge give two silver lines 4211 and 4055 as reversed in the arc. Liveing and Dewar, and also Eder
and Valenta' have shown that 4211 is not a reversed line but two separate unreversed lines, which is
apparently confirmed by the arc in vacuo. The same tests on the arc in air which show 421] to he two lines
will show that 4055 is also two unreversed lines, the more refrangible of which is unsymmetrica] towards the
red and the less refrangible unsymmetrical towards the violet : indeed, they are very similar to the 4211 pair,
but closer together.” The reason why the published spectra of the arc in vacuo give only a single line at 4055
becomes clear from the photographs of Takamine in which it is seen that the less refrangihle line only
appears in an electric field. It should be pointed out that according to the wavelength measurempnts made
here it is the,more refrangilile component of the 4055 pair which belongs to the first subordinate series, the
legs refrangible apparently belonging to the combination series which is nearly coincident with the former.

14. Interpreting the displacements of unsymmetrical lines in the sun and arc as due to electric fields, we
can proceed to find the magnitudes of the average electric fields which are causing the displacements.
Different lines in the same spectrum do not, however, lead to the same value for the electric field, possibly
beeause of the assumption that the effect in an electric field is proportionate to the tield strength. There can
be no douht, for instance, that the displacements of the Cu pair 4531, 4480, under different conditions of the
eleclric are are practically equal, whereas Takamine gives them as displaced by an electric field of 44,000+
vollglern by + 0°035A and + 0°100A., respectively. Assuming proportionality to field strength and taking
the displacements at the negative pole given in paragraph 3, viz,, + 0032 A, + 0:028 A, these two Cu lines
give for the field operating at the negative pole of a copper arc the very large and inconsistent values of
40,300 vollglem and 15,700 voltslem, respectively, greater than the field operating at the centre of the arc.
Other clements give smaller and more congistent values. Taking the negative pole displacements given
in previons bulleting for all the elements for which Takamine has given the Stark effect, we find the
following valnes for the electric field at the negative pole in excess of that at the centre of the are:—Fe (6
lines) 5,970 voltslem, Na (2 lines) 4,575 volts/em, Ni (4 lines) 3,380 voltsfem. Similarly, taking the solar
digplacementg of the unsymmetrical lines of Fe, Na, and Ni from Kodaikanal Observatory Bulletins, and
making an allowance for the Doppler shift as deduced from the sy_mmetrical lines at the same depth in the
gun, we find that the electric field in the sun is less than that at the centre of the electric are by the Iollowing
amotnts :—Fe (3 lines) 2,420 voltglem, Na (2 lines) 1,870 voltsem, Ni (11 lines) 2,300 voltsfem. We may
therefore toke it that the field at the negative pole is of the order of 4,000 volts/em greater than that at the
sontre of the are, whilst the field in the sun is of the order of 2,000 voltslem less than that at the centre of
the are.

15. Tt can cagily be shown that fields of this order of magnitude can be accounted for by the tield exerted
by surrounding atoms. Debyzg3 hg‘,s_hgﬁlgulated the average electric field Que to ionisation,.assuming.tlmt it
depends only on the number of iong and the ionic charge, and finds the law that the field ‘1s. proportional to
(ionic chavge) X (pumber of ions per c.c.)i. The average electric field in which an atom finds 1tselir’ yi:e\nv 3 gas
at N./T.P., is completely ionised he gives as being of the order of 1,350,000 voltsfem. At 4000° K, the
temperature of the arc, this becomes 925,000 volts/cm, and at 6000° K, the temperature of the sun, and
atmospheric pressure it is 172,000 voltsfem. . -

1¢. If our knowledge of the conditions obtaining in thearc were complete we should nov_v be in 1 p(‘)sm%on
to make deductions concerning conditions in the sun. Making reasonable assumptions regarding the ionisation

» - ' . 1 61 .
d Valenta, Denksch. Wien. Akad, 63, 189, 1896 and Beitrage zur Fhotochemie, page .
: %ﬁgg gl?‘llleinwns not available for thesc tests. Silver toins were used but it was ascertained that no copper lines nor

¢ - lines could be interfering.
ghoxts 01"*‘ (JJ)OEE;);, Pli:;bb Zeitschr, 20, 160, 1919,
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in the dre does not, however, lead to results which.are plansible. From the work of 8aha an ionisation in the-
arc of 1.pec.cent is not unreasonably large, but it leads to a field of 10,000 voltgem at which field strength.
many lines ought to be several angstroms wide, but are in fact fairly sharp. It appears probable that Debye's
law given in the previous paragraph is incorrect. It is difficult to believe that the field due to ions which are
frequently colliding with atoms can be independent of their diameters and of the frequency of collision,
and unlegs their independence can be established Debye’s law falls to the ground. If a given mags of radiating
gag, for example, were heated at constant volume and constant ionisation (controlled, say, from outside)
the pressure would rige and we should expect a shift dueto pressure, but according to Debye there would be no
change in the average field strength and therefore, in tﬁe light of paragraph 17, no pressure shift, Moreover,
the most firmly established law of pressure shifts is that of direct proportionality to pressure, whereas Dehye's
law requires proportionality to the frds power of the pressure.

17. An important point is the nltimate cause of pressure shifts, Stark having suggested that asymmetry in
an electric field is the cange. Here again, different lines in the same spectrum do not give consistert values
for the field strength ; e.g., the copper line 4063 requires nearly 3,000 volts/om per atmosphere incredse of
pressure, whilst 4531 requires 28,000 volts/em per atmoiphere. Unless the direction of displacement under
preggure follows that of the agymmetry in an electric field, we can at once dismiss the Stark effect ag a possible
catise of pressure shifts. It is true that lines which are unsymmetiically resclved or displaced towards the
ted in an electric field have large pressure shifts, and that lines 'which are symmetrical in the arc have such
small pressure ghifts that the corresponding displacement or agsymmetry in an electric field may not he
cletectable, but the situation as regards lines which are nnsymmetrically widened towards the violet in the are
and are unsymmetrically resolved or displaced towards the viclet in an electric field is not so satisfactory.
For, whilst Gale and Adams® for Fe, Duffield® for Ni and Miller® for Ca have found that lines unsymmetrical
towards the violet are displaced to the violet by pressure, Humphreys* has many examples of such lines being
displaced to the red; e.. Catriplet and satellites at 4456,35,25, Cu doublet and satellite 5220, 5218,
5153, Mg triplet 3838, 32,29, Ni line 5155, Srtriplet and satellites 4971, 4876, 4832, Tliese discrepancies
require careful investigation.

18. Nevertheless, an obscure feature of pressure shifts can be readily explained on the hypothesig of the
Stark effect, Pressure displacements in the furnace ‘and in the spark ave gréater than in the arc whilst the
widening is alsp greater in these sources. Since the greater widening is very probably o Stark effect, so
presumably would the greater pressare shift, Hoth being due on the interpretation given in thir paper to
greater jonisation in the furnance and in the gpark under pressure.

19. King explaing® the asymmetry and displacements of lines in the'arc, tube-are, and spark ug due to the
density of high speed electrons. I consider that the suggestion made in this paper that these effects are due to
the electrical field in which the radiating atom finds iteelf offers 2 more rational, though not necessarily
inconsistent, explanation. King shows that under the extreme conditions of the tube-are nearly all lines show
as unsymmetrical, even certain “ flame ” lines of iron. It would appear, therefore, that the difference hetween
unsymmetrical lines and those which have generally been referred to ag symmetrical ix mainly one of degree ;
this is required if the explanation of pressure shifts in paragraph 17 is correct, although again there is the
ineqneigtency o?%l?e'ﬁ,and K lines of Oa which King finds to be slightly nnsym¥etriéil ‘towdrds the violet
Deing, a8 he points out, displased to the red under pressure.

20. It the view expressed in this paper ig correct that asymmetry and displacements are effects of the
electric field due to ionisation of the gas, then since ionisation increases with temperature so should algo the
agymmetry and digplacement of spectrum lines. As passing from the arc to the sun shows an opposite effect
"1 Gale and Adsms, Astrophysioal Journal, 37, 391, 1919, )

"¢ Duffield, Phil, Trans. R.8. 215, 205, 1915.
3 Miller, Astrophysieal-Fournal, 53, 224, 1621,

! Humphreys, Astrophysical J ournal, 6, 169, 1897, See also Humphreys on Pressure shift of violet sided lines, Astrophysical
Journal, 81, 459, 1910.

¢ King, Astrophysical Journal, 41, 873, 1915,
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it would follow that the fall in density more than counterbalances the rise in temperature and denotes that the
partial pressure of ions is lessin the sun than in the arc. It is to be expected, however, that there will be a
displacement of unsymmetrical lines in sungpots relative to the photosphere where the temperature is higher,
but the magnitude of the displacement cannot yet be predicted from theory.

21. Suitable lines unsymmetrical towards the violet were not readily available in this preliminary study
-of the effect of adding substances into the arc, but it is desirable to confirm the expectation that they will be
displaced in the oppogite senge to lineg ungymmetrical towards the red.

Suminary.—1. These experiments were undertaken with a view to deciding whether deusity of vapour
or (lensity of iong is the cause of the displacements of unsymmetrical lines under varying arc conditions.

2. In a short arc certain lines of copper which are unsymmetrically widened towards the red are displaced
10 the red by introducing wvarious substances into the are; the less unsymmetrical lines undergo smaller
displacement, and symmetrical lines are not displaced at all.

3. The'effect is smaller at the poles of a long arc and insignificant at the centre of a long arc for the lines
studied.

4. In a calcinm arc lines unsymmetrical towards the red are shifted slightly towards éhe red, or towards
the violet according to the substance introduced.

5. Tt is suggested that these displacements are caused by changes in the ionisation in the are when
extraneous substances are introduced into the are.

6. There isnow considerable evidence that the asymmetry and displacement of lines under varying arc
conditions and their abnormal displacement in the sun follow very closely their asymmetry and displacement
in an clectric field. The electric field operating in the arc and the sun is probably the intermolecular field
due to surrounding ions and electrons. On this view the average electric field at the negative pole of the arc
is of the order of 4000 volts/em greater than that at the centre of the arc and in the sun 2,000 volts/cm less
than at the centre of the arc. TUntil the fonisation in the arc is invegtigated and the average electric field due
to ions has been satisfactorily worked out we are unable to apply these data to the determination of the partial
pressurc of ions in the sun.

7. The view that there are electric fields in the arc is supported by the pregence in arc spectra of those
lines which in the vacuum are are only in evidence in a strong electrical field.

8. Although many features of pressure displacements can be explained as due to the inerease in the
intermolecular electrical fields owing to the increase in the partial pregsure of ionsg, there are some difficulties.
The point which first requires experimental elucidation is the direction of the pressure shift of lines
unsymmetrical towards the violet concerning which evidence is contradictory.

9. Turther examples have been found of series in which the character of the lines reverses as we pasy
down the geries.

This work was carried out whilst Mr. Evershed was still Dirvector, and it is a pleasure to acknowledge
my indebtedness to his interest and suggestions.

THE OBSERVATORY; KODATKANAT, T. ROYDS,
14th  April 1923. Director,
Kodaikanal and Muadras Observatories.
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