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BULLETIN No. XLIII.

THE DIFFERENT CHARACTER OF SPECTRUM LINES BELONGING TO
TEHE SAME SKERIES.
BY T ROYDS, D.gc.

It has been generally assumed that the spectrum lives belonging to the same series are similar in
character, and in behaviour under varying experimental conditions. Indeed the simnilarity in sharpness or
diffuseness, or in the direction of unsymmetrical widening, has been a valuable aid in the detection of
series relationships in spectra. If, for oxample, the strong lines of a series werc unsymmetrically widened
towards the red, the contmuation of the series would be looked for in lines widened in the same direction,
the widening becoming greater as the lhighor members were reached. 1t is thercfore of comsiderable
importance to note that there is at least one woll-authenticated series in which the character of the lines
changes in the course of the series. This is the first subordinate “triplet” sevies of barium, whose lmes
are given in Table I, column 5. In this serics the first members (AN 5319, 5800, 5777, 5586, 5519, 5424)
consisting ol a triplet and satollites, arc all unsymmetrically widened towards the red ; the second members
(M 4498, 1480, 4883, 4323, 4264) and probably all succceding arc, on the contrary, unsymmetrically
widened towards the violet. Thig is so surprising and impovtant that il is necessary before proceeding
further to make quite sure of our facts. Firstly, there can be little doubt that the first mombers do really
belong to the same series as the higher mombers; they fit into a formula of the usual type, and have the
full complement of satellites analogous to the higher members and to the first subordinate series of caleium
and strontium. Secondly, thie character of the lines seems equally cortain. Although previous investiga-
tors of the barium spoctrum have not noted the charactor of the first members of the first subordinate
series, the reversals of these lines are in my photographs very occenirically placed on the violet side of the
emission line, indicaling unsyminetrical widening towards the red. The character of the second members
is obvinus, and 1s given by Kayser and Runge as unsymmetrical towards the violet. There is also the
evidence of the displacements at the negative pole compared with the centre of the are. I have previously
shown that limes ave displaced at the negative pole in the direction of their grealer widening.? Investigat-
ing the displacement of the bariuin lines, I find that all the frst mombors of the frst subordinate series are
displaced to the red (A 553607 is interfered with by an adjucent line), and all the second members to the
violet ; this is complete confirmation of their opposite character.

It is interesting to examine also the analogous first subordinate series of caleiun and strontium, Of
the calcium series the first members are in the infra-red and their character is not known; the second
members are quite symmetrical so far as can be judged [rom the symmetry of their reversals and from the
smallness of their displacements at the negative pole of the are,® but the higher members are unsymmetrical
towards the violet* according to Kayser and Runge® and Hder and Valental. The caleium series is
therefore not so extreme a case as that of barinm but 13 still a noteworthy exception to the general run of
geries, The strontium series is, on the other hand, quite normal if we exclude the infra-red lines whose
character is not known. T find that the second members have thoir reversals slightly eccentrically placed
to the red side of their emission lines and that they are displaced to the violet at the negative pole of the
arc. These facts indicate that they are unsywmetrical towards the violet aud therefore nniform with the
higher members whose character has already been observed. ®

1 Kaysor, Handbuch der 8pectroscopie, Vol. V. 2 Royds, Kodaikanal Observatory Bulletsn, No, XL,

#* gaunders (Astrophysical Jouwrnal, XXXTI, 168, 1910) gives the third members ag unsymmolrical towards the red, This is
probably ainistake. Tho photograph n Orew and McCauley of the are mn air (Astrophysical Journal, XXXIX, 29, 1914) shows them to
be unsymmetrical towards the violet in agroenient with Eder and Valents’s observation of the spark lines, and mine of the arc lines.

8 Kayser, Handbuch der Speciroscopic, Vol. VI.
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In brief, the higher members of the first snbordinate  triplet " series of calcinm, strontium and barium
are unsymmetrical towards the violet ; the first members of the barium series are unsymmetrical towards the
red, the second members of the calcium series are symmetrical, whilst the second members of the strontinm
geries are already unsymmetrical towards the violet,

For convenience of reference I have collected into Table I the lines of the first subordinate triplet ”
series of calcium, barium and strontium.

Tapre I.—Tre Firsr SUrorpINATE  TRrenEr” Serigs or CALOIUM, STRONTIUM &ND BARIUM,

Caleium, Strontinm, Bariam.
Order
n
f A (are mn airy
series. A —(—- A (arem A A
vacuo).F
& 199160 . 581921 (ur)
a { 19864 G . { 301107 5800 48 Ewg
g 19777 4 20225 9 5777 84 (ur
g {19507 1 . { 27356 2 { 5536 07 (ur%
2 19452°9 . 260154 561987 (ur
k] 19310 6 . 26024'5 542482 (ur)
#
2 445681 (s) + 011 4971 85 (uv)
L 4456108 (s; 4+ 018 [4‘968 11 (uv) {{ 449382 (uv)
g 4454 97 (8 + 018 4062 45 (wo) | | 4489 50 (uv)
{4.43586 {s) 4+ 009 [48'76 28 (uv) { 4533 04 (uv)
5 448513 (s) 4+ -016 4872 66 (uo) || 432¢15 (nv;
g 442561 + 1021 4832 23 (wv) | 426445 (uv
w
3 364514 + . 4033 25 .
< 364486 (wv) L] — 008 |{ 408351 (uv) 4087'58 (u;
g 3644°50 (wv) | <+ 003 4080 45 (uv) || 408404 (u
] 868110 (ut) —~ 015 897015 { 89476 ()
o 363083 (uv) 1| — 010 |1396942 (u) 89456 ()
5 362415 (av)f| —~ -001 3940 91 (uv)
w
5 336242 +
3 8302 97 + .
3] 8361 92 (uv) - 014 8705 88 Eu) 38052 (u)
& 8850 50 1 1 8653 90 (u)
= 8350 22 (uvg — 010 }3653'32 (u% 37675 (u)
g 334449 (uv - 017 862¢+15 (u “
=
w
$ . e o
= 8226 26 1 . .
g {3225 74 (uv) | — 021 {3547 92 (u) {3'787 (u)
g 3215°46 + O o
o 8215 16 (uv) | — 019 {34,99 40 ()
'.‘&‘:. 3209'68 (uv) -~ 038 3477 83 (n)
4
2 . PR I SO
2 { 8151 41 + . [ .
g 315085 () | — 030 || 345770 (u)
g 314129 t . .
= { 3140 91 (uw) — 0062 |] 841162 (v) .
2 3136 09 (u) — -135 | 8300°09 (u) 1 .
=
SEE | s10187 (@) 340039 (u)
B B~

Note —(s) denotes symmetrical, (ur) onsymmetrically widened towards the red, (uv) unsymmetrically widened towards the violet,
and (u) hazy or diffuse. Those given in italics are new observations, those in roman type are as recorded by other observers.

The chief purpose of the present Bulletin is to point out the importance of determining the pressure
shifts of the first subordinate series of calcinm and barium, in which, as we have seen, the character of the

* Taken from Crew and MeCauley’s paper
+ Wavelengths of the are in vacuo by Crew and MoCauley reduced to Rowland’s acale
T These lines are given by Saunders as unsymmetrical towards the red, probably by mistake, See footnote on page 109,
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lmes changes. St. John and Miss Ware as well as Fabry and Buisson have shown that the iron lines
which widen unsymmetrically towards the violet undergo large displacements to the violet with increased
pressure, ! and Gale and Adams have confirmed this,? whilst those which widen unsymmetrically towards
the red undergo large displacements to the red. The interest in these first subordinate series lies in the
question whether their hnes unsymmetrical towards the violet are, like those of iron, displaced by pressure
to the violet, 4.e., in the contrary direction to the other lines although belonging to the same series. At
present the only evidence available on the point is the difference in the wavelengths of the calcium are in
air (Holtz®) and in vacuo (Crew and McCauley 4). These differences which are given in Table I, vlvhilst;
they should be accepted with some reserve, show that the lines unsymmetrical towards the violet are dis-
placed to the violet by pressure, and the symmelrical lines of the same series, as was found previously by
Humphreys, to the red. It has not been doubted until recently ® that, as discovered by Humphreys, the
pressure displacement: (S\/A) was constant for all lines belonging to the same series, and this fact has been
recommended for the detection of series, ¢ Judging from the analogy of the iron lines and {from the above
results for calcium, however, it appears probable that so far from being constant, the pressure shift may
even be in opposite directions for different lines of the same series.

This brings up the whole question of the relationship between pressure shifi and series. Humphreys
found? that the pressure shift, (SA/A), was constant for all the lines ol the same series, and that the shifts
for the principal, the first aud second subordinate series wore in the ratios 1: 2: 4. Although these ratios
seem to hold for the majority of cases, about ono-third of the total number are exceptions. These excep-
tions are given i Table IT; tho mean shifts reduced to X 4000 at the same pressure for the different series
of the same element are quoted [rom Humphroys’ tables. Where data at the same pressure are not
available the shift has been calculated from that at a neighbouring pressure and is given in brackets :—

Tapre Il.—Hxceerions ro Humpnreys’ Serizs Law.

Sories. Moan shilt, Ratio,
PFirst subordinate ... 50 _
Al {Secund subordinate e (40) 1: 08
Principal ... Voo o 66
. 1:15
L | B subordimate o o e (96)
Tirst subordinato ... 35 1
: 13
Mg %Seoond subordinate 45
Fivst subordinate ... . 70
Hg {Second snbordinate .. v 66 1:09
{Principal " . . 73 1:43
Tlirst subordinate * . w312 ’

The shifts were reduced to M 4000 by Humphreys on the assumption that the absolute pressure
shifts are proportional tothe wavelength. Tf theshifts are proportional to some other power of the
wavelength than the first some of those exceptions might be brought into line, but on the other hand new
ones would be wntroduced.

Recently Swaim has arrived at entirely different series relationships mn studying the pressure shifts
of the zinc lines, * Ie finds that the shifts of the lines in the first subordinate series are inversely propor-
tional to the cube of the wavelength, in the second subordinate series inversely to the first power of the
wavelength, and of non-series lines directly to the square of the wavelength, There is therefore no direct
relation between the first and second snbordinate series.

It seems to me exceedingly probable that all these inconsistencies are due to the existence of a density
effect superposed on the irue pressure effect. 'When the arc is placed under pressure there is probdbly not

* 8t John and Miss Ware, Astrophysical Journal, XXX VI, 14, 1912, Fabry and Buisson, Astrophysical Journal, XXXI, 111, 1910,

2 (tale and Adams, Astrophysical Journgl, XXXVII, 891, 1918, 8 Holtz, Zeabschrift fir wiss. Photographie, 12, 101, 1913

4 Orew and McCOauley, Astrophysical Journal, XXXIX, 29, 1914 § Sweim, Astrophysical Journal, XL, 187, 1914,

§ Kayser, Handbuch der Spectroscopie, Vol, II, pp. 827, 579, 7 llumyphreys, Astrophysical Jowrnal, VI, 169, 1897,

* By an unfortunate exror or msprint, Humphreys has classed the lines AA 5682, 5U88 us belonging to the second subordinate
series of sodinm ingtead of to the first, making it appear as though they conformed to his Jaw.
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only an 1orease in the pressure of the atmosphere surrounding the arc but also an increase in the density
of the vapour in the arc owing to a more rapid production of vapour or other cause. The effect of an
increase of density 1s to displace the unsymmetrical lines in the direction of their greater widening, and by
an amount apparently dependent only on the degree of unsymmetrical widening.! This might explain
Swaim’s curious results mentioned above. He noted that the amount of displacement under pressure
depended on the diffuseness of the line, and since the series lines he measured are unsymmetrical towards
the red it seems probable that the large displacements to the red he obtained for the higher and more
unsymmetrical members of the series are due, at any rate in part, to increased vapour density.

Many of the anomalons results obtained by Duffield in the arc under pressure are also probably due
to density effects. Duffield found that when unsymmetrical lines are reversed the displacement of the
reversal falls to half of that of the unreversed lLme, wlilst the reversals of symmetrical lines remain
normally displaced.® Now the unsymmetrical lines are those sensitive to density shift and it would be
expected that at the lower density of the absorption lne their displacement would be smaller, whilst
symmetrical lines would be unaffected. He also finds that the displacement of a line may have two alterna-
tive values at one and the same pressure.® Duffield says,* “ Whatever the naiure of the disturbing cause,
@Group I1II and then Group II [of the ivon hines] are most susceptible to it.”” The lines of Group III, all
unsymwetrically widened towards the rsd, are those most susceptible to density shift,’ whilst ihe lines of
Group II, much widened but not unsymmetrically by pressure, have not been sufficiently investigated. He
further says, ¢ “ On the photographs showing abnormal displacements [approximately twice the normal
valuos], the reversals are more numerous and broader than they are on plates giving normal values’” ; this
obaervation is direct evidence of inoreased density. I admit, however, that there 18 no obvious reason why
the ratio of the larger displacement to the smaller should be approximately as 2 1.

An additional interest for the investigation of the calcinm lines under pressure is the question of the
behaviour of Fowler’s series of narrow triplets (A 4586, 4581, 4878 ; ete). According to Moore, the
Zeeman effect for these lines is either zero or at least very small,” and therefore their pressurc displace-
ment would be expected to be small also.® It will, however, not be conclusive if they prove to have large
displacements in the arc under pressure, since these lines are easily displaced by density. !

For the elucidation of the relationship between pressure shift and series, as well as {or the solution
of golar problems it seems essential to isolate the pressure effect from the density effoet. The means of
doing this are not obvious and the only hope seems 10 lie in investigating the furnace spectrum under
pressure rather than the arc spectrum, for in the furnace the vapour density, dependent on the rate of pro-
duction and of disappearance of vapour, is almost certainly influenced by pressure to a much less dogree than
in the arc. Allthat we know ab present is that since tle density effect 1s very small for symmetrical lines
their shifts in the arc under pressure are probably due to pressure only, but that the shifts of unsym-
metrical lines are partly, at least, due to density. Mr, Evershed suggests to me that the shift to the violet
found in the arc under pressure for certain iron lines may be entirely a densily effect, and an obsecrvation
of Humphreys ? supports this view. It certainly seems probable that many of the laws of pressure shifts
will be modified, and it is hoped simplhfied, if experiments can be conducted under conditions of constant
vapour,density. The elimnation of density effects in order to obtain true pressure shifts is one of the most
pressing problems for those interested in the displacements in the sun’s spectrum,

%2 Duffleld, Phil. Trans Roy. Soe,, A 208, p. 151, 1908,
* Duffield, Phil Trang. Roy. 8oc., A, 209, p. 216, 1809.
& Duffield, Phil, Trans Roy Soc., A, 208,p. 161, 1908

1 Royds, Kodakanal Observatory Bulletin, No, XL,

3 Duffield, Phil, Trans Roy. Soc, A 209, p. 216, 1909,

§ Royds, Kodaikanal Observatory Bulletin, Nos. XXXVIII and XL.
7 Moore, Astrophysical Journal, XXXIII, 385, 1911,

& See King, Astrophysical Journal, XXXT, 4883,1910), and Humphreys, Astrophysical Journal, XXIII, 288, 1906, XXVI, 18, 207
1907 , XXVII, 194, 1608,

¥ Humphreys Astrophysical Journal, XXXI, 459, 1910.
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